<

FRIEDA RIVER

Frieda River Limited

Environmental Impact Statement

Appendix 8a — Terrestrial Biodiversity Field Assessment for the Frieda
River Copper-Gold Project and the Frieda River Hydroelectric Project

SDP-6-G-00-01-T-003-017

coffey ?

ATETRA TECH COMPANY



Terrestrial Biodiversity Field Assessment for the

Frieda River Copper-Gold Project and the
Frieda River Hydroelectric Project

Report to Coffey Environments and
Frieda River Limited

03 March 2015



CONTRIBUTORS

Wayne Takeuchi, Research Botanist at the Herbaria and Arnold Arboretum of Harvard University
and the Forest Research Institute, Lae - Flora

Wayne is a tropical forest research biologist from Harvard University Herbaria and Arnold Arboretum.
He is Research Associate at the PNG National Forest Authority and the B. P. Bishop Museum (Hawaii).
He is one of the leading botanists in the Malesian tropics and is known widely in professional circles
for his published contributions in floristics, taxonomy, and conservation. He has served for 21 years in
New Guinea as a resident-scientist, based at the Herbarium of the PNG Forest Research Institute at
Lae. His affiliations are primarily with international academic organizations and local non-governmental
organizations (NGOs), but he has also worked closely with government agencies and corporate entities in
the resource sector. He is familiar with all plant groups within the Malesian region, and has carried out at
least 30 expeditions and rapid assessment surveys with multidisciplinary teams in New Guinea and has
published over 76 papers and book chapters on the Melanesian flora.

Ken Aplin CSIRO and Ken Aplin Fauna Studies Pty. Ltd - Mammals

Ken was a research scientist at the Australian National Wildlife Collection, CSIRO Sustainable
Ecosystems, Canberra and a research associate with the American Museum of Natural History and the
West Australian Museum. He is one of the leading authorities on New Guinea mammals having conducted
field research and expeditions there since 1981. His PNG experience is very broad and he has worked
in most provinces including Sandaun. He has carried out extensive taxonomic work on marsupials and
rodents and has over 100 publications, most in referred journals, and chapters in learned books. He set up
his own consultancy in 2011. Ken is on the board of the Australasian Monotreme and Marsupial Specialist
Group, and a member of the IUCN Small Non-Volant Mammal Task Force.

Kyle Armstrong, Specialised Zoological Pty. Ltd — Bats

Kyle is a bat specialist with a particular focus on the remote detection and design of targeted surveys for
bat species of conservation significance. He has surveyed bats in Southern Highlands Province of PNG.
His bibliography includes over 60 publications in referred journals and books and conference papers.

lain Woxvold, Melbourne University - Birds

lain is a specialist ornithologist, with significant recent experience in New Guinea. Since completing
his Ph.D. he has focused on diversity analyses and conservation of vertebrate fauna in Asia and the
Pacific. He has published numerous peer-reviewed scientific papers and provides specialist advice on
the significance and management of vertebrate communities to industry, government and NGOs. lain
has worked in Australia, Indonesia, PNG and Lao PDR on projects for the oil and gas industry, mineral
resource companies, infrastructure development, commercial agriculture and conservation NGOs.

page ii



Stephen Richards, Honorary Research Associate at the South Australian Museum - Herpetofauna
and Odonates

Stephen is one of New Guinea’s leading frog and odonate experts and has extensive knowledge of
Melanesian reptiles. A research scientist affiliated with the South Australian Museum, Stephen has been
working for 18 years on the herpetofauna of the Melanesian region and tropical Australia. During this time,
he has conducted more than 30 biodiversity surveys across the region, from western Papua Province in
Indonesian New Guinea to Papua New Guinea, the Solomon Islands and New Caledonia. Stephen has
published more than 80 scientific papers in peer-reviewed publications, including descriptions of many
new species of frogs and reptiles from Melanesia. He is the Working Group Chair for Melanesia of the of
IUCN-Species Survival Commission’s Amphibian Specialist Group.

Chris Miiller - Butterflies

Chris is an entomologist/geologist currently working in Morobe Province. He has been working full
time in PNG for the past five years as a geologist, but during this time, he has also conducted several
lepidoptera surveys for mining companies and for the IUCN, plus various academic institutions. He first
visited PNG at the age of six, and has conducted numerous surveys in various provinces in search of new
butterfly species. He has observed nearly 80% of the 900+ known species in PNG plus discovered and
described nearly 20 new butterfly species in the region, working closely with associates at the Natural
History Museum (London), Museum Naturalis (Leiden, Netherlands) and Australian Museum (Sydney).
His long, keen interest in both butterflies and geology has culminated in a PhD thesis, titled ‘Wallacea —
tying geology with genetics’, a combination of molecular phylogenetics, biogeography and plate tectonics,
which is near completion and comprises several papers, some of which are in press. He is currently
working, jointly with John Tennent (Natural History Museum), on a book, “The Butterflies of Indonesia”.

Francis Crome, Francis Crome Pty. Ltd. - Coordinator

Francis had a long research career with the CSIRO Division of Wildlife and Ecology as a Principal
Research Scientist where he worked on wetland ecology, waterbird dynamics, wetland survey methods,
rainforest management, rainforest faunal dynamics and logging impacts. He has been involved in a range
of very high profile projects in tropical regions as a senior environmental adviser, planner, field scientist
and auditor, including the development of a biodiversity strategy for BHP in Borneo and work on large
pipelines in PNG, Australia, Myanmar and Peru. He has worked extensively in Asia and the Pacific for the
private and conservation sectors and is fully familiar with Melanesian forests and forest wildlife and the
environmental, biodiversity and social issues of PNG. He has carried out over 15 consultancies in New
Guinea. He is exceptionally broad based and has over 160 reports and publications.

page iii



CONTENTS

PIEIACE ...ttt n \%
Ge0graphiC CONVENTIONS ........iiiiiiiiiiiie ettt e e et e e e e ettt e e e e e e sbe et e e e aanaeeeaeeaannseeeaeaaanneneeeeeaannes vii
GAZEHEE ...t viii
Chapter 1 INTFOAUCTION ..ottt e e 1
Chapter 2 Vegetation and FIOTa...........cocuiiiiiiiiiiie e 27
Chapter 3 IMBMIMAS .......eiiiiiie ettt et e e bttt e e bb e e e bt e e e e e abreenae 131
(O F=T o1 (=T g I = T o PSP P PR PUPROPRRPPII 325
Chapter 5 Amphibians and REPLIES .......cc.vviiiiiiiiiii e 451
Chapter 8 OUONALA .......vvieiiiie ettt et ettt 491
Chapter 7 Butterflies (Lepidoptera: RhOpaloCera) ............coeiviiiiiiiiiiieiiieiecee e 523

page iv



PREFACE

This document is an independent report for the Environmental Impact Statement (EIS) for the Frieda
River CopperGold Project (the Project), a component of the Sepik Development Project. The Project
aims to develop the Horse-lvaal-Trukai, Ekwai and Koki (HITEK) copper-gold deposits in Sandaun (West
Sepik) Province approximately 200 km south of the northern coast PNG and 75 km east of the border
with the Indonesian province of West Papua. Supporting infrastructure and facilities will be located in the
Sandaun and East Sepik provinces and will include a subaqueous Integrated Storage Facility (ISF) to
store produced tailings and waste rock and a hydroelectric power facility (termed the FRHEP), and linear
infrastructure including roads, a concentrate pipeline, electricity transmission lines.

The Project is located in one of the least biologically explored parts of New Guinea and there was
insufficient available information on terrestrial biodiversity to characterise the area. In view of this, the
Project commissioned a series of terrestrial biodiversity surveys from 2009 to 2011, with the objective
of gathering sufficient information for an impact assessment. The targets for survey, confirmed after
consulting with the PNG Department of Environment and Conservation, were vascular flora, mammals,
birds, amphibians, reptiles, dragonflies and damselflies (Odonata) and butterflies. Each group was
surveyed by an individual specialist (see contributors above).

This part of PNG is road-less and the surveys were carried out entirely from 16 helicopter-supported
bush camps. A further 8 sites were surveyed more briefly from overnight fly camps, flyovers or day trips;
additional data was also obtained from hunters at seven villages. All this activity took place within a
Study Area that was more-or-less defined on a catchment basis and encompassed the Mine and FRHEP
disturbance areas and surrounds.

Each specialist prepared a standalone report of their survey findings. Each specialist also contributed to
a joint impact assessment and contributed suggestions for mitigations which were assembled into a final
set that were recommended to Coffey Environments. The reports and the impact assessment have been
assembled into this document and appear as individual chapters in what is intended to be an integrated
assessment. Although there is some repetition and duplication of information between chapters, none are
stand-alone reports.

Chapter 1 provides the geographic context for the Project, an overview of legislation, regulations and
standards relevant to the assessment, and the rationale for defining the Study Area. It also takes the
vegetation analysis provided in Chapter 2 and defines a modified set of vegetation types used throughout
the zoological chapters. It finally provides an introduction to data collection approaches and the adequacy
of the data for the assessment.

Chapter 2 presents the results of the botanical surveys which found at least 1,354 species (technically
“morphotaxa”) with 22 being undescribed, most of those new to science, and many range extensions of
known species. The surveys also discovered Peat Forest, a previously unknown vegetation type in PNG.

Chapter 3 presents results from the mammal survey team. A desktop analysis suggested up to 140
species could be candidates to occur in the Study Area. Eighty-one species were recorded, including two
species new to science. Twelve of these were species of bats recorded from calls but not identified. All
“candidate” mammals were considered in the impact assessment.

Chapter 4 presents the bird survey results in which 220 species were recorded. A further 195 species
could occur based on their known distributions in New Guinea. All 415 species were considered in the
impact assessment. Small groups of migratory waders were recorded but the area of habitat available is
large and suggestive of an area that could accommodate large numbers.
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Chapter 5 presents results of frogs and reptiles, of which 58 and 41 species respectively were recorded.
This includes at least 20 frogs and a reptile likely new to science. Frogs were most diverse at higher
elevations.

Chapter 6 presents results for dragonflies and damselflies which, like frogs, require both forest and
stream condition to be optimal for survival. 107 species were recorded, of which 12 are new to science.
The odonate fauna split quite clearly into Hill Zone species that generally inhabited forest streams and
Lowland Zone species that preferred open ponds.

Chapter 7 presents results on butterflies of which 359 species were recorded. Nine appear to be new to
science and there are numerous range extensions for PNG.
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GEOGRAPHIC CONVENTIONS

The Project uses the datum PNG MG94 Zone 54. Biodiversity field operations were active prior to being
informed of the use of this datum and collected location data in WGS84 Zone 54S. To avoid complicating
continuing field operations the authors continued to collect GPS data in WGS84 Zone 54S. The two
datums are very similar, certainly enough for the purposes of this assessment. Further, the biogeographic
analyses in this assessment reference locations in the literature which have been reported as latitude and
longitude and/or are in areas using datums other than PNG MG94 Zone 54.

In this document all site data collected by the biodiversity team are reported here in both PNG MG94
Zone 54 and latitude and longitude while all location data taken from the literature or maps is expressed in
latitude and longitude, which again is accurate enough for the assessment presented here.

The Project uses RL (relative level) to express elevation. However, literature records of elevation
information for species distributions used in this assessment are published as “above sea level”. For the
level of accuracy used in the assessment the terms are interchangeable and the word “elevation” is used
e.g. 2000 to 2500 m elevation means 2000 to 2500 metres above mean sea level.
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Adelbert Range

1

North Coastal Ranges element

Aitape

2

Aki River

Alotau

Amanab

Amaromin

Ambua Lodge

Lodge near Tari in the Eastern Highlands

Ambunti

Angoram

Anguganak

Aoum 3

April River

Aroa River

Central Province

Arfak Mountains

Araucaria Camp

Idenburg River 03.5°'S 139.183° E 850m elevation

Aru Islands

Aseki

Village 60 km W of Wau

Astrolabe Bay

Baiyer River Sanctuary

55 km N of Mt Hagen

Batanta

Bernhard Camp

Idenburg River. 03.483° S 139.2166° E 75 m elevation.

Bewani Mountains

North Coastal Ranges element

Biak Island

Bismarck Archipelago

Bismarck Range

Bomberai Peninsula

Bulolo

Busilmin

Central Range or Central Cordillera

Central spine of mountains extending the length of New Guinea

Chauve Government Station

Site in Chimbu Province near Kundiawa

Collingwood Bay

Crater Mountain Wildlife Management Area

Protected area of 275,000 ha SE of Karimui

Cyclops Mountains

D’Entrecasteaux Archipelago

Deria

Drei Zinnen Mountains

East Asian-Australasian Flyway

A migratory bird route extending from Alaska and Siberia to Australasia and covering
most of eastern Asia and the western Pacific

Elevala River

Eliptaman

Village 40 km south-southwest of the Study Area

Etappenberg

Augusta Fluss expedition survey site approx. 58 km E of Frieda Strip (4.63° S,
142.48° E), between April and Wario rivers.

Fak Fak

Fiak

Finisterre Mountains

North Coastal Ranges element
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Fly River

1

Foya Mountains

1

North Coastal Ranges element

Geelvink Bay

Gogol River

Small river flowing to the coast close to Madang

Goodenough s.

Grasberg

Gratzack Range

Green River

Hauna

Heroana

Village 70 km E of Karimui, Chimbu Province

Hertzog Range

Range 20 km W of Lae, Morobe Province

Hindenburg Range

Hotmin

Humboldt Bay

The bay in which Jayapura is located; Yos Sudarso Bay in Indonesian

Hunstein Range

Hunsteinspitze

Mt Hunstein in the Hunstein Range

Huon Gulf

Hydrographer Mountains

Idenberg River

Imonda

Inagre

Iniok

Iniok Wi

Small wetland just north of Iniok

Jayapura

Kaijende Highlands

Kairiru Island

Karawari River

East Sepik

Karimui

Kau Wildlife Management Area

A WMA 12 km N of Madang

Kiunga

Kokoda Trail

Trail running NS across the Owen Stanley Range

Kratke Range

Krisa

Kundiawa

Lae

Lake Chambri

Lake Habbema

Small lake north of Mt Wilhelmina

Lake Kutubu

Lake Murray

Lake Narisin

Lake Tawa

Small lake in the Kaijende Highlands

Lake Warangai

Lake Warwi

Small lake near Lake Warangai

Lake Wati

Lakekamu River

Left May River

Loloipa River

Central Province

Lordberg (Durchblick)

Augusta Fluss expedition survey site. 70 km ESE of Frieda Strip
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Lorentz River

1

Louisiade Archipelago

1

Lumi

Luplupwintem

Cave in Western Province near Tabubil

Madang

Mailu Island

Malesia

Malaysia, Indonesia New Guinea and the Philippines

Malolo Plantation Lodge

Site approximately 30 km N of Madang on Astrolabe Bay

Mamose region

Madang, Morobe and East Sepik Provinces

Maprik

Markham River

May River

Meander Mountain

Melanesia

Region encompassing New Guinea and the Pacific islands east to Fiji

Memberamo River Mamberamo

Mianmin Divide

Miliom

A village about 3 km E of Lumi

Milne Bay

Misool

Mowi

Mt Asowa

Mt Borme

A village and mountain in the Star Mountains at 4.466667 S 140.7 E

Mt Bosavi

Mt Donner

Mt Hagen

Mt Kaindi

Mountain adjacent to Wau

Mt Menawa

Mt Nakru

A mine and peak in West New Britain

Mt Nibo

Aprox. 5 km E of Mt. Somoro (may be Mt. Sulen)

Mt Somoro

Mt Stolle

Mt Turu

Prince Alexander Mountains

Mt Wilhelmina

Puncak Trikora in Indonesian

Mduller Range

Murik Lakes (Karau Lagoon)

Musgrave River

Stream north of Port Moresby near Sogeri

Nabire

Nena River

Nengian

New Guinea

The large island of New Guinea without satellite islands

New Guinea and its satellite islands

New Guinea and its satellite islands including the Raja Ampats and the Papuan

Islands

Niar River

Tributary of the Frieda River

Nimbokrang

Village near Jayapura

Ninigo Islands

Nogoli

Site southeast of and close to Tari

North Coastal Ranges

Oenake Range

North Coastal Ranges element
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Ok Isai

3

Ok Tedi

A gold mine at Tabubil

Owen Stanley Range

Pagwi

Papua Province

Papuan Islands

The islands off the south-eastern tip of PNG (D’Entrecasteaux and Louisiade groups)

Papuasia

New Guinea and its satellite islands

Paupe

Peripatus Mountain

Peak in the Gratzack Range

Pionierlager (on/near Sepik R.)

Augusta Fluss expedition survey site approx. 6 km NNW by N of Iniok

PNG

Country of PNG

PNG mainland

Refers to the mainland portion of the country of PNG

Porgera

Port Moresby

Prince Alexander Mountains

North Coastal Ranges element

Puwani River

Rai coast

One of the six administrative districts of Madang province west of Astrolabe Bay

Ramu River

Right May River

Roon Island

Papua Province, Indonesia

Ruboni Range

Western end of Adelbert Range at 4.25° S 144.83° E

Salawati

Samou

Sariba Island

Saruwaged Mountains

North Coastal Ranges element

Schatteburg Mountains

Schrader Range

Seleo Island

Sepik River

Simberi Island

A small island east of New Ireland

Sissano Lagoon

Sokamin

Sorong

Southern limestone

Large limestone area east and south of Tari

Standlager (on April R.)

Augusta Fluss expedition survey site approx. 61 km ESE of Iniok

Star Mountains

Stephansort

Site 40 km S of Madang

Strickland River

Tabubil

Tagula Island

Now Vanatinai Is. - the largest island of the Louisiade Archipelago

Tari

Tauri

Telefomin

Thurnwald Range

Tifalmin

Timika

Papua Province, near Freeport Mine

Torricelli Mountains

North Coastal Ranges element

Upper Sepik

The drainage interval above Ambunti
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ILLUSTRATED
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Urapmin 2
Usake River 3
Utai 2
Van Rees Range 1 North Coastal Ranges element
Vanimo 2
Victor Emanuel Range 2
Wabia 3
Wafi Gold project 50 km SW of Lae (Figure1)
Waigeo Island 1
Wameimin 1 3
Wameimin 2 3
Waria River 1
Wario (Leonhard Schultze) River 3
Waskuk or Waskut 2
Wau 1
West Papua Province 1
West Papuan Islands The islands of Waigeo, Misool and Batanta west of the Vogelkop
Wewak 2
Weyland Mountains 1
Wiap River or Waiyap Connects Lake Warangai with the Sepik River
Yapen
Yapsiei 2
Yapsiei River 2
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EXECUTIVE SUMMARY

1. Thisintroduction provides an overview of legislation regulations and standards relevant to impact
assessment of the terrestrial biodiversity for the Frieda River Copper-Gold Project, an overview
of the Study Area, and data collection approaches.

2. A Study Area is defined based on taking a landscape view of the Project. It is bounded to the
north by the Sepik River, to the west by the Saniap, Usake and Upper May rivers, to the east by
the Wogamush, Hewe, Miwe and Tau rivers, and to the south by the 1,500-m contour. Itis zoned
into three elevational regions: Study Area Lowland Zone, Hill Zone and Montane Zone.

3. A common set of vegetation and stream descriptors, based on botanical analyses presented
in Chapter 2 Area is presented which is then used throughout Chapters 3 to 7 of this impact

assessment.

4. Survey sites and total sampling effort are presented.
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ACRONYMS AND GLOSSARY

BBOP Business and Biodiversity Offsets Program

CITES Convention on International Trade in Endangered Species
EAAF East Asian-Australasian Flyway
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IFC International Finance Corporation
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NSF National Science Foundation

PNG Papua New Guinea

PNGNH PNG National Herbartium
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REDD Reducing Emissions from Deforestation and Forest Degradation
UN United Nations

UNEP United Nations Environment Program

WBSCD World Business Council for Sustainable Development
WMA Wildlife Management Area
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1 LOCATION AND PREVIOUS TERRESTRIAL BIODIVERSITY
WORK

The Frieda River Copper-Gold Project (the Project) is located in the Frieda River area of the upper Sepik
River Basin, one of the least biologically explored parts of New Guinea (Figures 1 to 3). There has
been only one significant biological expedition to the Frieda River - the Kaiserin-Augustafluss (Sepik River)
Expedition of 1912—-13 (hereinafter called Augusta Fluss Expedition). Much of the data from this expedition
was lost with the destruction of specimens during WWII. Apart from this expedition the only biological
exploration within the Frieda catchment appears to have been a collection of mosses reported on in Norris
and Koponen (1985), Norris et al. (1988) and Piipo (1986 and 1998).
Up until 2010 nearby biological exploration had been more-or-less confined to five areas.

»  Extensive work on vertebrates in the North Coastal ranges and coastal areas (Figure 1).

*  Work on plants and some vertebrates in the Hunstein Range.

»  Work on vertebrates, particularly mammals in the higher ranges to the south around Telefomin
(Figure 2).

e Studies of arboreal mammals at Mt Stolle (Figure 2).

*  Minor botanical collecting along the May River (Figure 3) reaching c. 10 km south of the furthest
point reached by the Augusta Fluss Expedition (W. Takeuchi pers. obs.)

In addition PNG is signatory to the following international agreements relevant to biodiversity:Achieving
»  Convention on Biological Diversity (1992), which was ratified by PNG in 1993.

»  Convention on Wetlands of International Importance Especially as Waterfowl Habitat (1971) (The
Ramsar Convention).

»  Convention on the Protection of Natural Resources and Environment of the South Pacific Region
and related Protocols (Noumea, 1986).

«  Plant Protection Agreement for the Asia and Pacific Region (Rome, 1956) as amended.

»  Convention on the Conservation and Management of Highly Migratory Fish Stocks in the Western
and Central Pacific Ocean.

»  Convention Concerning the Protection of the World Cultural and Natural Heritage (Paris, 1972).
e Convention on the Conservation of Migratory Species of Wild Animals (Bonn, 1979) and
incorporating the African-Eurasian Migratory Water Bird Agreement (1995) and the Agreement

on the Conservation of Bats in Europe (1991) (The “Bonn Convention”).

*  Convention on the International Trade in Endangered Species of Wild Fauna and Flora (CITES)
(Washington, 1973).

* International Convention on the Establishment of an International Fund for Compensation for Oil
Pollution Damage (Fund Convention), 1992.
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Figure 3. Study Area.
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2 STUDY AREA

2.1 Design

There is no generally accepted way to define a Study Area for impact assessment. Impacts of a single
project can vary spatially from the micro scale, such as the loss of a single tree, to the international
scale, such as the accidental introduction of an exotic disease that may spread throughout PNG and
into Indonesia. A fundamental guiding principle, however, is available from PanAust’s Sustainability
Management System, the watershed emphasis of Program 6 of the NBSAP, and IFC performance
standard 6, which is that a broad landscape view of project impacts is required.

For this assessment an appropriate Study Area has been selected which
1. Covers all locations where proposed Project infrastructure is, has been or may be located*.
2. Be an area within which the majority of impacts are expected to occur.
3. Has some ecological rationale and has relatively well defined natural boundaries.
4. Is an area within which the concept of “local” populations of species has some meaning.

The Study Area defined for this impact assessment is bounded to the north by the Sepik River, to the west
by the Saniap River, Usake and Upper May rivers, to the east by the Wogamush, Hewe, Miwe and Tau
rivers, and to the south by the 1,500-metre contour (Figure 3). It encompasses approximately 350,000 ha
and covers all past, present and potential future infrastructure, but excludes the transport route along the
Sepik River where potential impacts would be relevant to aquatic biodiversity and are covered elsewhere
in the EIS.

Rivers were chosen as boundaries because they present barriers to movement of a range of terrestrial
fauna. The 1,500-m contour was chosen because high mountains present barriers to lowland and hill
fauna. While the Frieda catchment extends higher to elevations over 2,200 m, these extreme heights
were excluded because the Project will not be developed into these elevations.

2.2 Zonation

The Study Area is divided into three zones.

Study Area Lowland Zone consists of depositional landforms resulting from past or present overbank
flooding of the Sepik River and its major tributaries. lts upper elevational limit is 100 m and is here defined
as all lands below 100 m. This zone is one of flat lands forming river floodplains and excludes isolated
hills, such as Frieda Mountain, that jut out of the plains even where these hills do not reach 100 m. These
hills are rightly part of the Study Area Hill Zone as their vegetation is not subject to the effects of overbank
river flooding due to the abrupt gradient change at their bases.

Study Area Hill Zone consists of primary erosional and colluvial (i.e. slope deposit) landforms comprising
the northern foothills of the Central Cordillera between 100 and 1,000 m elevation. It includes both
continuous hills and ranges, and isolated hills surrounded by areas of active alluviation of the Study Area
Lowland Zone

1 Project design evolves as information improves. In its early phases there are often many design options of which
the most feasible is developed through a detailed design phase into the ‘final” design. However, even this requires
flexibility because, until a construction team gets on the ground, the feasibility of building any project element exactly
to the design brief remains a hypothesis. Perfect information can never be available in the design phase and design
has to adapt to the conditions encountered. Even design ideas abandoned in the early design phases may be
resurrected at a late stage in the design process.
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Study Area Montane Zone consists of primary erosional and colluvial (i.e. slope deposit) landforms
comprising the northern foothills of the Central Cordillera above 1,000 m elevation.

2.3 Vegetation Nomenclature

Each discipline in biodiversity surveys tends to use it own classification system and nomenclature for
vegetation. For uniformity in this impact assessment, a common set of vegetation descriptors has been
derived from the vegetation analysis in Chapter 2 and the individual requirements of zoological disciplines
(Chapters 3 to 7), and is presented in Table 1. Chapter 2 describes vegetation in terms of the commonly
used PNG Forest Inventory Mapping System (FIMS), which is based on post-1975 aerial photography
updated in 1996 from Landsat imagery (Saunders, 1993a, b; Hammermaster & Saunders, 19953, b).

The FIMS system is effective for large-scale use, but detailed ground-truthing frequently uncovers
anomalies in the FIMS categories. Chapter 2 discusses these anomalies in detail and notes, in particular,
that montane forest characteristics extend to lower elevations in the Study Area than would be expected
based on FIMS mapping and that the FIMS mapping does not capture the complexity of Swampy Forest
in the Study Area Lowland Zone.

These FIMs type are usually defined too finely for zoological use and so have been combined where
appropriate to reflect this. Table 1 thus includes

*  FIMS-derived types mappable at 1:100K scale,
*  avegetation type (Peat Forest) not in FIMS but also mappable at 1:100K scale,

e vegetation types that occur at too small a scale to be included in FIMS and that are not mappable
at 1:100K scale, and

* general categories.
Chapters 3 to 7 all use this common system.

The FIMS system also includes an assessment of forest condition based on scoring forest areas between
10 (completely intact forest), and 0 (forest all cleared and/or degraded). However, for some parts of the
Study Area 25 cm resolution aerial photography captured in 2008, 2010 and 2011 was available. This
allowed a more accurate and simpler condition assessment system to be developed based on a three
point scale for these areas (Table 2).

An important result of this photography was the demonstration that Riverine Mixed Successions (Fri/Wri)
blend imperceptibly into Lowland Open Forest (Po). By definition Riverine Mixed Successions (Fri/Wri)
are precisely that, successions to other forest types, and only really identifiable as such in the early stages
of succession; they cannot be mapped except as part of a condition class for Lowland Open Forest (Po).

2.4 Stream Nomenclature

There are a wide range of streams that support fauna in the Study Area from the wide deep turbid waters
of the Frieda River to rapid clear waters in mountain streams. A set of standard stream descriptions has
been developed by S. Richards in Chapter 5 and Chapter 6 and is presented in Table 3. See Chapters
2 to 7 for a full presentation of the streamside and stream habitat values for flora, terrestrial vertebrates,
odonates and butterflies in the Study Area.

Chapter 1 - page 10



3 DATA COLLECTION

3.1 The Project Surveys

Biodiversity surveys were carried out within the Study Area during four periods:

e Trip 1 — Nena Surveys: 29 November to 15 December 2009. The 2009 Nena Surveys were
conducted from five locations centred on the Nena copper and gold deposit and situated in the
headwaters of the Nena (Frieda River catchment) and Usake (May River catchment) rivers.

e Trip 2 — From 1 February to 3 March 2010 surveys were conducted from seven sites centred
on the Project's major area of operations in the Study Area Hill Zone. Surveys focused on the
mineral deposits at Horse-lvaal-Trukai and Koki, and other sites earmarked for development of
associated logistics and infrastructure centres during the early stages of Project design. All of the
Trip 2 survey sites were located within the Frieda River catchment.

e Trip 3 — Study Area Lowland Zone and Hill Zone: 26 May to 20 June 2010. The 2010 Trip 3
surveys were conducted from one site in the Study Area Hill Zone and five sites in the Study Area
Lowland Zone. Most sites were situated in the Frieda River catchment. Surveys of the Hauna
area were conducted in the April River catchment.

e Trip 4 — Study Area Lowland Zone: 23 February to 15 March 2011. The 2011 Trip 4 surveys were
conducted from four sites in the Study Area Lowland Zone in the Wario, Ok Binai and Wogamush
River catchments. Limited observations were also made from Frieda Airstrip (Frieda Strip Site).

Additional data for some species were collected opportunistically during two reconnaissance visits
undertaken in preparation for subsequent detailed biodiversity surveys.

e Trip 1 Reconnaissance: 7-20 October 2009. Birds were recorded at various locations in the
Study Area Hill and Lowland zones while on reconnaissance for the Trip 1-3 biodiversity surveys.

*  Trip 4 Reconnaissance: 1 November 2010. Birds were recorded in the Study Area Lowland Zone
during a brief stop-over at Kubkain Site in preparation for the Trip 4 biodiversity surveys.

Data was obtained from a total of 24 sites (Table 4 and Figures 4 and 5). Sixteen were major camps
where sampling extended over a period of several days, the rest being sites that were visited more briefly.
The surveys involved use of numerous techniques to maximise chances of recording as full an inventory
of diversity of the target groups as possible. The bulk of sampling was done by groundwork but canoe
transects and aerial surveys of waterbirds and other fauna were also carried out. Full details of sample
locations, methods and results of these surveys are presented in Chapters 2 to 7. A significant source
of information was obtained from interviewing residents of seven villages either at their villages or in the
survey camps (Table 4).

This 91 days of field sampling is arguably the single most intensive biodiversity survey done in New
Guinea to date and is a significant addition to the scientific effort expended in PNG on biodiversity.

Figures 4 and 5 show the locations of survey sites, survey tracks and interview villages and Table 5
presents the sampling effort for the surveys. Sample effort at individual sites can be found in Chapters 2
to 7.
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3.2 Adequacy of Data

Chapters 2 to 7 discuss taxon-specific sampling issues and biases but generally tropical biotas present
a range of peculiar sampling problems. First, weather has a profound influence on sampling though its
effect depends on the group being surveyed; e.g. extreme rainfall hampers bird sampling but benefits
frog sampling. Second, many tropical species are to some degree nomadic, may be less detectable at
certain times of the year or may undergo regular local elevational and horizontal movements (McClure
1974, Crome 1993, Nix 1993) confounding sampling at particular times and places. Most significantly,
tropical biotas are very diverse, most species are naturally rare, there appears to be natural small-scale
patchiness in the distribution of many species that has no obvious explanation, and diversity at single
locations, for resident birds at least, varies from year to year (e.g. Beehler et al. 1995; Diamond and
Bishop 2003).

Beehler et al. (1995) have investigated the issue of inventory adequacy for birds in New Guinea. They
concluded that sampling needed to last for several weeks to get an exhaustive inventory of species
present. Census periods of several weeks at a site are usually impractical and rarely, if ever, achievable.
Moreover, the issue of a complete inventory at a site may itself be an illusion. Considering the spatial
and temporal dynamics of populations, the number of species present only has meaning in relation to a
specified area over a specified time period. “Complete inventories” refers to the number of species that
could be recorded within the site boundaries over an extended period (e.g. many years). At any one
time the numbers actually present will be a subset of that and there is likely to be stochasticity in which
particular species are present at any instant. Over longer periods range expansions and contractions on
a geographic or global scale will inevitably add to or subtract from the inventory. Even with sedentary
species like plants, dynamics still produce a turnover in species on a particular site as individuals die
and are recruited. This turnover is simply likely to be slower than for animals, giving plant communities
the appearance of greater stability. Stochasticity is a major issue for botanical surveys because positive
identification of New Guinea plants requires fertile specimens and there is great spatial and temporal
variation in phenology.

Overall, therefore, it is unreasonable to aspire to produce “complete inventories” for each small survey site
in the Study Area and it is unnecessary. What counts is the extent to which the total data set approaches a
“complete inventory” for the Study Area. At this larger scale variability produced by movement, stochastic
variation and population dynamics is dampened and more stability in species inventory can be expected
than at the site scale. Within the Study Area inventory, the full range of species adapted to a particular
habitat at a particular elevation provides the sampling universe for survey sites at said habitat and
elevation. For the purposes of impact assessment, any such species should be considered a candidate
for occurrence at a specific site with suitable habitat and elevation at some time or another.

In order to bring the Study Area inventory as close as possible to “complete”, Chapter 4 has included extra
bird species whose known ranges overlap with the Study Area but were not recorded during the Project
surveys; many of these are waterbirds or nomadic frugivores and nectarivores. Similarly, Chapter 3
includes extra mammals that could occur in the Study Area. For all other groups too little is known about
species distributions in New Guinea to compile a reliable list of possible additional species.

Taken alone, the data collected during the surveys are sufficient to determine the biodiversity values
present in the Study Area. With the inclusion of possible additional species of birds and mammals the data
set is also sufficient to carry out the impact assessment. Where data are insufficient or where ecological
understanding is lacking the matter is specifically addressed.
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Figure 4. Survey sites 1. Contours are 1:250,000 at 10 m intervals. See also Figure 3.
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Table 5. Total sample effort.

GROUP SAMPLE METHOD TOTALS
Flora Man hours of searches 1,820
Ground trap nights 7,493
Cage trap nights 177
Mammals Harp trap nights 83
Bat detector sessions 143
Mist-net metre-hrs (night only) 69,193.75
Day transect man hours of searches 516.5
Mist-net metre-hrs (day and night) 138,565.25
Birds # of sound recordings 325
Minutes of sound recordings 537.19
Camera trap days(24 hour period) 491
Mammals and birds Camera-trap hours >11,616
Mist-net nights 546
Night transects man hours of searches 224.5
Herpetofauna Man hours of searches 1,391.5
Odonates Man hours of searches 875
Man hours of searches 1203
Butterflies
# of butterfly bait traps 1,742

Chapter 1 - page 25



Chapter 1 - page 26



CHAPTER 2 VEGETATION AND FLORA

Dr. Wayne Takeuchi

A report prepared for Coffey Environments and

Frieda River Limited

03 March 2015

Chapter 2 - page 27



CONTENTS

(€@ 35357 N S PP PPPPPPPPTPTP 30
EXECUTIVE SUMMARY ..ttt ettt et e e e e e e e e e e e e e e e st bttt et ettt et e e e e aeaeaeaaeaaeeasaaaannssnnsnrnenes 32
1 INTRODUGCTION ...ttt oo ekttt e e e e ettt e o4 e e et e e e e et e e e e e nnte e e e e e e annnes 33
1.1  The Study Area and ProjeCt CONIEXL........uuiiiiiiiiiiiiie ettt e e e e e e e e e s 33
1.2 SHUAY ODJECLIVES ..ottt ettt e et e st e s e e e b e e e e 33
1.3  Historical Exploration and its Relevance to the Present SUIVeY ............ccccviiiiiiiiiiiiieeeeenins 34
2 METHODS. ...ttt oottt oottt e et e e et e e e e et e e e e 35
2% R = o =Y g L (or= U 11 V/=T g1 o oY SO OUOPPRRN 35
P o (=TS 1Y/ o1 o o [PPSO PRSP PPPR 35
2.3 SUIVBY SIEES ...eeeiiie ettt e oottt e ookttt e o4 e a b b et e e e e ek b b et e e e e e bttt e e e e nnbaa e e e e e anne 36
3 RESULTS - VEGETATION. ..ttt ettt e ettt e e e ettt e e e et e e e ennnes 37
3.1  Riverine MiXed SUCCESSIONS (Fri)...uuuiiiiiiiiiiiiee e eciiee ettt s e e e et e e e e e st e e e e st aeeeeeennes 37
3.2 Lowland OpPen FOIESE (PO) ..ouueiiiiiieiiiie ettt 38
3.3  Swamp Woodland And Mixed Swamp Forest (WSW and FSW) ........coccueiieiiiiiiiieeeniiiieeee e 41
3.4 HIl FOrESE (HIM) .ttt et e e e et 44
3.5 Lower MONtANE FOrESE (LEC) ..eerieiiiiiiiieeeeieiiiiee e ettt ettt e e e ettt e e e e et e e e e e et e e e e e e anneneeeeeaannes 48
3.6  Coniferous Lower Montane FOreSt (LC)......uuuiiiiiiiiiieie ettt e et e e e e saaea e e e 48
3.7 HSW - HErDaCEOUS SWAIMP ... .eiiiiiiieiiiie ettt 50
3.8 PRALFOIEST.. .. e 51
4 RESULTS - FLORA . ettt ettt e oottt e e ettt e e e et e e e e et e e e e et eeeeeaan 57
R B 1YY £ | PSP P PRSPPI 57
4.2  Species New to Science or UNESCHDEA ...........eiiiiiiiiiiiieiieie e 57
4.3 RANGE EXIENSIONS ...ttt e e ettt e e e e ettt e e e e e bbbt e e e e e annbeee e e e e nnbeeeaaean 57
4.4 CoNServation LiStEO SPECIES......uiiiiiiiiiiiee ettt et s e e e e e e e e e s r e e et aaaaeaan 59
5 RESULTS - ALIEN PLANTS IN THE STUDY AREA. ...ttt 60
B DISCUSSION ..ttt ettt et et e e e e e e e e e e e e e e e e e e e e bbb bbbt et e e e e e e e aeeaeaaaaneaananann 61
6.1 Community Patterns in Hill and Montane ENViIrONMEeNtS ..........ccccoiiiiiiiiieiiiie e 61
6.2 Community Patterns in Lowland ENVIFONMENTS.........cooiiiiiiiiaiiiiiiiee et e e 61
6.3 Comparative COMMUNILY VAIUBS.........ccciiiiuiiiei e ettt e e et e e et e e e s snbraa e e e s eaes 62
6.4 Threats From AlIEN SPECIES ......coiueieiiiii ettt 62
6.5 Relationships of the Frieda FIOra ... 63
6.6  Patterns in FlOristic DOCUMENTALION. ........cocviiiiiiiiiiii ettt 63
6.7  FIOriStIC KNOWIEAGE GaAPS. .. e iuvviiiireeeiitiie ettt ettt 64
T CONGCLUSION. ..ttt e et e e e e et e e e e e e oo e e aa bbb e e s s e ettt et et e e e e e aea e e e e snbnbnnnnnes 66
8 REFERENCES ... ¢ttt e e e e e e e e e e e e e e e bbb e et et e e e e e e e e e e e e e e e e e 67
APPENDICES ...ttt e e e oo e e e e e oo oo oo oo bbbttt ettt et ettt e e e e e e e e e e e e e e e aea e e e b b nrntnrnrernee 75

Chapter 2 - page 28



TABLE

Table L. SUIVEY EFfOIT . ..ottt se e e e e 36
Table 2. FIMS tyPeS @t SUIVEY SIEES.....cciuiieiiiieiiiiieeeiieeetee e et e e st e et e e sttt e s steeeesnbeeeateeeannaeeeaneeeennes 37
Table 3. Taxonomic counts by vascular plant Category..........cueuiiieiiiieeiiiieeee e 57
Table 4. Occurrence of species new to science or undescribed at survey Sites. ..........cccccevvveeeeenn. 57
Table 5. TUCN listed SPECIES rECONTEMA .........uuiieiiiiiiiiee e ettt e e e e e e et e e e e e st aaeeeaan 59
FiGURES
Figure 1. Riverine mixed succession in relation to stream-cutting and riverbank displacement. ...... 39
Figure 2. Aerial view of the vegetation scrolling characteristic of Riverine Mixed Successions. ....... 40
Figure 3. Lowland Open Forest at OK ISAI SIte. ........cccviiiiiiiiiiiiee e e e e 40
Figure 4. Lowland Open Forest at OK ISAI SITE. .......ooiiiiiiiiiiieii s 42
Figure 5. Swamp Woodland at Kaugumi SIt. ..........cccuuiiiiiiiiiiiieei it 42
Figure 6. Mixed Swamp Forest at Kaugumi SItE. ......coccuviiiiiiiiiiii e 43
Figure 7. Kubkain Site, alluvial wooded swamp COMPIEX. ........oooeiiiiiiiiiiaiiiiiiee e 43
Figure 8. Hill FOrest at Malial SIte.........cccuuiiiiiiiiiiiie et e e e e e s e e e e s saanes 46
Figure 9. Hill FOrest at Malial SItE. .......cuviiiiiiiiiiie e 47
Figure 10. Small Crowned Lower Montane Forest at HI SIte. ..........ccccciiiiiiiiiiiii e 47
Figure 11. Small Crowned Lower Montane Forest with Conifers at HI Site. ..........ccccceiiiiiiiiennnen. 49
Figure 12. HI Site. LC UNAEISIOIEY. ...cciiuiieiiee et e ettt ettt e ettt e e e e et e e e e et e e e e e e anneeeeeeeannes 50
Figure 13. East SePiK Site, PEAL FOIEST. ....c.cciiiuiiiii ittt e e e a e e e 54
Figure 14. Peat forest understorey with its characteristic groundcover of sprawling Freycinetia
(FOTEOTOUNT). ..ttt ekt e h et st e ekt e e e e s e e e b 55
Figure 15. Aerial perspective of East SEPIK SIte. ......oouuiiiiiiiiiiii e 55
Figure 16. Tetramerista glabra is an indicator specialist of Peat Forests in Peninsular Malaysia,
BOINEO0, AN SUMALIA. .....oiiiiiiiiiiiiie ittt eb et 56
FIGUIE 17, HI SO, ettt e e e ettt e e e e ettt e e e e et bee e e e e e annebeeeeeeanraeeeaeeannes 56
APPENDICIES
Appendix 2.1. Plants Recorded IN The StUAY ATEa ........cciuiiiiiiiiiiiiee ittt 76
Appendix 2.2. Modern Plant Records from the Ambunti-Hunstein DiStriCt .............ccccoccviiiiiiiiiinne 128

Chapter 2 - page 29



GLOSSARY

3-merous
adventive
amphiphyte
aril

bryology
catena

colline
congener
conspectus

cosmopolitan
deciduous

edaphic
epiphytic
facies
facultative

glabrescent
glabrous
heliophyte

indument(um)
lacustrine
lycophyte
macrophyllous
microphyllous
monography
neotype

ombrotrophic
ophiolite

panicle

Papuasia

peltate
perfect
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having 3 parts.
a species introduced by man and subsequently becoming naturalized.
growing in seasonally or permanently wet mud; helophyte.

an appendage or outer covering of a seed, produced from the hilum or
funiculus.

the study of mosses and liverworts.

a connected series of related parts (e.g., a community sequence in a
floristic succession).

pertaining to environments with low, hilly terrain.
a member of the same genus.

content, synopsis; an enumeration of taxa comprising a particular
group of plants.

worldwide, or of geographically extensive distribution.

of parts falling at the end of a growing season or other period of
development.

pertaining or relating to the substrate.
growing on another plant or other supporting object.
a particular appearance or expression.

occurring contingently (e.g., occurring under some conditions but not
others).

nearly glabrous, or becoming glabrous with age.
lacking hairs or scales.

a light-demanding plant, consisting primarily of pioneer or seral
species establishing in forest gaps and newly cleared environments.

a hair- or scale-covering on any plant part.

pertaining to lakes.

lycopsid, a member of the Lycopodium group (Lycopsida).
large-leaved.

small-leaved.

a taxonomic treatise or revision dealing with a specific group of plants.

the specimen exemplar for a particular taxon, formally designated after
the original types have been lost.

receiving hydrological and nutrient inputs only from precipitation.

uplifted sections of oceanic lithosphere, characterized by ultrabasic
mineralogy and often loosely equated with “serpentine” or “ultramafic”.

an indeterminate branching raceme; an inflorescence in which the
branches of the primary axis are racemose and the flowers pedicellate.

the biogeographic region consisting of New Guinea, the Bismarck
Archipelago, and the Solomon Islands. Due to pronounced floristic
similarities between these three areas, they are usually treated as a
single unit in botanical studies.

attached to a point within the margin.

of flowers with functional male (staminate) and female (carpellate)
parts.



pneumatophores

rheophyte
sensu

sere
stoloniferous
synusia

trifoliolate

negatively geotropic (upward growing) roots with aerating tissues,
characteristic of plants in swampy habitats.

a flood resistant plant adapted to the habitat along rivers.

in the sense of: sensu lato (in a broad sense), sensu stricto (in a
narrow sense).

a successional series of ecological communities.
spreading by horizontal stems.

a vegetation stratum composed of species of similar stature and life
form.

with three leaflets.
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EXECUTIVE SUMMARY

Botanical results are presented for the Study Area. Nine principal vegetation formations have been identified
and characterized from a total of 18 sites at which flora was surveyed. A taxonomic assessment of the
flora (based on 1,478 collection numbers and 500+ sight enumerations) has documented the presence
of species-rich habitats of exceptional floristic value. Although herbarium studies are still ongoing, the
findings thus far include two genera and 22 species new to science, two new generic and three species
distributional records for New Guinea, three species distributional records for PNG, four rediscoveries of
plants known only from lost types, three range extensions for species previously known only from type
localities, 15 range extensions of taxonomically significant plants, and 14 taxa listed by IUCN as other
than Least Concern (2 critically endangered, 1 endangered, 6 vulnerable and 5 near threatened). The
collective significance of these results is distilled into a series of discursive observations.
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1 INTRODUCTION

1.1 The Study Area and Project Context

The Sepik River Basin is one of Malesia’s most biologically diverse environments (Marshall and Beehler,
2007). Its 77,700-sg-km catchment is the largest in PNG, providing vital watershed and subsistence
services for nearly 350,000 human inhabitants (Gomez, 2006). Many Sepik habitats, particularly those
of the interior foothills, have long been regarded as an exploration priority for nearly every biological
discipline (Beehler, 1993).

In addition to its biotic values, the Sepik River catchment has a number of significant mineral assets,
including asbestos, chromite, cobalt, copper, gold, magnesite, and nickel (Shearman, 1999). Near the
border of East Sepik and Sandaun Provinces, a world-class copper-gold resource within the Frieda River
catchment. Several foundation studies were commissioned in 2009 by the proponent. Among these
studies was a terrestrial biodiversity assessment for a comprehensive EIS covering the proposed mine
and its associated infrastructure. The following report presents the findings from the botanical component
of that assessment.

The circumscription of the Study Area has undergone several modifications following the initial surveys
of November-December 2009. Due to changes in the positioning of infrastructure corridors and facilities,
several of the survey sites covered by botanical evaluation are no longer within the Project disturbance
area. These sites have nonetheless been integrated into the present report because of obvious floristic
similarities between the sampled habitats, irrespective of whether they are actually within the Project
disturbance area or not and their utility in characterizing the Study Area. As presently configured, the
Study Area is bounded to the north by the Sepik River, to the south by the Central Cordillera, to the east
by the Wogamush River, and to the west by the Saniap River and includes the Horse-lvaal-Trukai, Ekwai
and Koki copper-gold deposits and all planned infrastructure (both current and historic) associated with
planned extraction. This final configuration provides the geographic context for the impact assessment of
the Project EIS.

1.2 Study Objectives
The botanical survey of the Study Area was designed to meet the following goals and objectives:

» Toidentify and describe the principal plant communities and their distributions, using the Forest
Inventory Mapping System (FIMS) as a reference baseline.

» To provide a floristic inventory of vascular plant species relative to their sites of occurrence,
including an assessment of potential threats from alien species.

» Toidentify sensitive habitats and taxonomic assets of conservation significance.

» To identify species of conservation significance listed by IUCN and PNG Fauna (Protection and
Control)Act 1966.

* In consideration of the preceding, to provide management advice for the mitigation of potential
Project impacts.
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1.3 Historical Exploration and its Relevance to the Present Survey

The upper Sepik River catchment (here regarded as the drainage interval above Ambunti) is an historically
critical locality for botanical documentation in PNG. Starting with the German Augustafluss Expedition of
1912-13, this region has long been recognized as one of the most fruitful venues for taxonomic discovery
in Papuasia.

The Augustafluss Expedition is best remembered for the scientific contributions from a legendary
contingent, which included among its members the botanist Carl Ledermann (Townsend, 1968). During
a survey itinerary lasting 18-19 months, Ledermann obtained a total of 6,639 specimens, from which
several hundred were designated as type specimens (Steenis-Kruseman, 1950; Frodin, 1990). Most of
his collection localities have never been revisited. The unfortunate circumstances of Ledermann’s labours
are an enormous obstacle to modern scientific inquiry, for the botanical sets were destroyed in the 1943
fire at the Berlin Herbarium, effectively erasing the primary basis for the identification of numerous plant
species (Veldkamp et al., 1988; Frodin, 1990; Bakker, 1994).

The Hunstein area (encompassing Ambunti and the April River), was a focal venue for the Augustafluss
Expedition, receiving considerably more exploration attention than the Frieda River. An attempt to reenact
the classical schedule was first made in 1966, when Hoogland and Craven surveyed the area between
Ambunti and Hunsteinspitz. Among their ca. 1,000 gatherings were several new species published in a
variety of specialist monographies, mainly in the families Apocynaceae, Melastomataceae, and Rubiaceae.
At least ten Augustafluss localities, including Aprilfluss, Bani-Schlucht, Hunsteinfluss, Hunsteinspitze,
Kamelsrucken-Etappenberg (lower slopes), Lagerberg, Malu, Peilungsberg, Pyramide, and Seerosensee
were later inventoried by Takeuchi et al., during a series of linked operations in 1989, 199, 1994, 1995,
2001, 2004, 2005, and 2007 (partial account in Takeuchi and Golman, 2002)!. An attempt to reach the
enigmatic Lordberg (Ledermann’s furthest inland penetration of the Hill Zone) was unsuccessful due to
the physical difficulties of access, most of the Augustafluss localities remain unknown to modern science.
However with the advent of helicopter-supported logistics, the constraints are being dramatically reduced
(Takeuchi, 2008a).

Although the Hunstein area (and many venues visited by the Augustafluss Expedition) are outside the
Study Area, the exploration results from historical localities have been incorporated into the present report
whenever such studies are relevant to an understanding of floristic distributions through the upper Sepik.
The presumed relevance will become apparent in the following sections, particularly with regards to the
probable occurrences of Sepik plants beyond their presently documented limits.

.1 including Aprilfluss, Bani-Schlucht, Hunsteinfluss, Hunsteinspitze, Kamelsrucken-Etappenberg (lower slopes), Lagerberg, Malu,
Peilungsberg, Pyramide, and Seerosensee. An attempt to reach the enigmatic Lordberg (Ledermann’s furthest inland penetration of
the Hill Zone) was unsuccessful.
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2 METHODS

2.1 Botanical Inventory

The surveys were based on the same sampling procedures used in other rapid assessments (e.g.,
Mack, 1998; Mack and Alonso, 2000; Beehler and Alonso, 2001; Richards, 2007). In conformity with
modern botanical surveys, vascular plants (ferns, gymnosperms, angiosperms) were checklisted and
vouchered by herbarium specimens, with particular attention directed to taxa of probable conservation
interest. Species seen only in sterile condition were enumerated as sight records in lieu of collection,
if an identification could be made with certainty by the writer. This procedure (sight enumeration) was
also applied to geographically widespread plants such as Gymnacranthera farquehariana, Gynotroches
axillaris, Morinda umbellata, Pimelodendron amboinicum, etc., since their collection would add nothing to
the existing corpus of botanical knowledge.

Exploratory surveys of poorly known areas are generally accompanied by high-volume collecting, in order
to maximize specimen outputs from one-off operations. However because of the expedited reporting
schedule for the Project surveys, field procedures were necessarily adjusted to reduce the processing time
associated with large collection sets. In addition to the greater reliance on sight checklisting, specimen
volumes were consciously minimized through judicious selection. Plants of minor taxonomic significance
were secured only in small sets. Alien weeds for example, are represented in the gatherings primarily as
double sets. Only specimens pre-identified as floristic records were obtained in increments exceeding five
replicates.

Collections were field-packed in 75% ethanol for subsequent processing at the PNG National Herbarium
(PNGNH). Identifications were confirmed by the author at PNGNH, using keys from the formal literature
and/or by comparison with published descriptions. Family assignments generally conform to the following
sources: ferns and lycophytes (Brummitt, 1992; Smith et al., 2006), gymnosperms (Laubenfels, 1988),
and angiosperms (Angiosperm Phylogeny Group, 1998, 2003, 2009). First sets and holotypes will be
deposited at PNGNH. Duplicates will be distributed after appropriate protocols are established for the
survey’s biological products.

2.2 Forest Typing

All forest communities in PNG have been comprehensively mapped at 1:100,00 using aerial photography
and GIS typing (Saunders, 1993a, b; Hammermaster and Saunders, 1995a, b). From a total of 63 typing
codes employed by the current FIMS, at least eight (Fri, Fsw, Hm, Hsw, L, Lc, Po, Wsw) are applicable
to the Study Area. As an adjunct activity to the taxonomic assessment, forest communities at each of
the study localities have been ground-truthed against the FIMS overlays. Adoption of the PNG mapping
protocols serves as a basis for standardization of forest descriptions across New Guinea, facilitating direct
comparisons between diverse undertakings such as the Conservation International Rapid Assessment
Program and the Harvard-National Science Foundation plant surveys. The alternative procedure of
customized or ad hoc descriptions would inhibit comparison of vegetation units between different
programs, and has been avoided.
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2.3 Survey Sites

The floristic team (i.e., the writer and one or two tree climbers) examined a total of 18 of the 24 field survey
sites in the Study Area during the period 30 November to 14 December 2009 (Trip 1), 2-27 February 2010
(Trip 2), 30 May 30 to 18 June 2010 (Trip 3), and 24 February to 14 March 2011 (Trip 4). Each of the study
localities consisted of a basecamp with an improvised network of access tracks into surrounding habitats.
Botanical collections and forest observations were made around these camps in accordance with the
procedures described above. The individual sites are shown on Figures 4 and 5 of Chapter 1 and their
location, altitudes and dates of surveying are shown on Table 4 in Chapter 1. Table 1 here shows the
sample effort and the sequence of sampling of those sites at which the flora and vegetation was surveyed.

Table 1. Survey effort

PHASE SURVEY SITE  |SEQUENCE EFZ%T}TR(SM)AN
Trip 1 yr 2009 | Nena Base 1 120
Trip 1 yr 2009 | Nena D2 2 48
Trip 1 yr 2009 | Nena D1 3 72
Trip 1 yr 2009 | Nena Limestone | 4 72
Trip 1 yr 2009 | Nena-Usage 5 48
Trip 2 yr 2010 | Malia 6 216
Trip 2 yr 2010 | Koki 7 96
Trip 2 yr 2010 | HI 8 120
Trip 2 yr 2010 | Upper Ok Binai 9 120
Trip 2 yr 2010 | Frieda Bend 10 120
Trip 3 yr 2010 | Ok Isai 11 56
Trip 3 yr 2010 | Kaugumi 12 56
Trip 3 yr 2010 | Nena Base 13 108
Trip 3 yr 2010 | East Sepik 14 192
Trip 3 yr 2010 | Iniok 15 100
Trip 4 yr 2011 | Wario 16 61.5
Trip 4 yr 2011 | Wogamush 17 72
Trip 4 yr 2011 | Kubkain 18 60
Trip 4 yr 2011 | Ok Binai 1 19 69
Trip 4 yr 2011 | Nena Base 20 13.5
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3 RESULTS - VEGETATION

Disregarding the anthropogenic vegetation caused by human activities, FIMS maps ten principal forest
types within the Study Area - Fri, Fsw, Hm, Hsw, L, Lc, Po, Ps, Wri and Wsw, No survey sites and no
part of the Project disturbance area are located in Ps (Small crowned forest) or Wri (Riverine mixed
successions dominated by woodland) and so these formations could not be characterised and are not
discussed here. An additional forest type, Peat Forest, is not recorded by FIMS and is a new formation
previously undocumented in PNG. In the following discussion, the nine vegetation classes surveyed are
characterized and described in relation to the sites surveyed. Descriptive terminology generally follows
Paijmans (1976) or Hammermaster and Saunders (1995a, b).The vegetation types at the botanical survey
sites are summarized in Table 2.

Table 2. FIMS types at survey sites
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Riverine Mixed
. . X X
Successions (Fri)
Lowland Open Forest (Po) X | X X
Swamp Woodland &
Mixed Swamp Forest X X| X X
(Wsw, Fsw)
Hill Forest (Hm) X[ X[ X] X X[ X1 X X[ X] X| X| X| X| X
Lower Montane Forest
X X
(Lxc, L)
Coniferous Lower X X
Montane Forest (L+c, Lc)
Herbaceous Swamp
X X
(Hsw)
Peat Forest (uncoded) X

3.1 Riverine Mixed Successions (Fri)

Frieda Bend Site and Iniok Site. (Figures 1 and 2)

Floristic description. Along the braided channel downriver of Frieda Bend Site, the Fri vegetation
succession typically begins with tussock grasses colonizing the outwash gravel, involving primarily
the sugar cane Saccharum spontaneum and (at lesser frequencies) Pennisetum macrostachyum and
Phragmites karka. The bunchgrass sere is soon augmented by woody invaders, including for the most
part: Archidendron clypearia, Cassia alata, Glochidion perakense, Macaranga aleuritoides, M. fallacina,
Omalanthus novoguineensis, Paraserianthes falcataria, Planchonia papuana, Premna serratifolia,
Timonius timon, Trema cannabina, Trichospermum pleiostigma and various species of invasive Ficus.
The woody pioneers characteristically form even-aged stands of similar height, indicative of establishment
from a single destabilizing event connected to the river. Such communities are always one-storied or nearly
so. Eventually the short-statured colonizers are replaced by true arborescents such as Alstonia scholaris,
Artocarpus altilis, Canarium spp., Elaeocarpus angustifolius, Intsia bijuga, Maniltoa spp., Melicope
elleryana, Octomeles sumatrana, Pometia pinnata, and Pterocarpus indicus. The taller-stage sere will
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usually have an understorey with gingers (e.g., Hornstedtia scottiana) and large terrestrial ferns (chiefly
Pneumatopteris and Pteris) but the multistoried structures of the hill communities are decidedly absent.
Progression to the arborescent-stage community is nearly always accompanied by the proliferation of
festooning vines along forest margins (e.g., riverfronts), mostly by Entada pursaetha, Flagellaria indica,
Hugonia jenkinsii, Merremia peltata, Mucuna novoguineensis, Tetrastigma lauterbachiana, Uncaria
lanosa, and rattans (Calamus spp., Korthalsia zippelii). In light-demanding successional environments,
the vining plants presumably have a competitive advantage over taxa which produce supporting tissues
(Clausing and Renner, 2001). Floristic dominance of the vine synusia is very obvious in riparian vegetation,
far exceeding the representation in other communities within the Study Area.

At any point in the Fri succession, a change in the river can reverse or accelerate the vegetation
sequence. Because these streamcourse changes are spatially discontinuous, Fri communities are
similarly fragmented. When proceeding downstream from Frieda Bend Site, all stages in the presumed
sequence described above are displayed side by side, and an observer can mentally reconstruct the
temporal schedule from this spatial variation.

Community variation. Among the sites evaluated during Trips 1 and 2, the Fri facies was seen only
near Frieda Bend Site, where the Nena River flows into the Lowland Zone. The streambed gradient here
is sharply reduced from the upland section, and riparian habitats become more susceptible to seasonal
flooding and changes in rivercourse. These environmental influences are reflected in the successional
status of the affected communities, especially by the floristic dominance of fast-growing heliophytes with
oftentimes cosmopolitan distributions.

During the botanical surveys of Trips 3 and 4, the Fri vegetation was also encountered at Iniok Site, but
the successional patterns there are spatially different from those present in the tributary valleys. The
distinction is mainly attributable to contrasts in the physical structure of the streamcourse. River channels
are usually braided in their upland zone of confluence with the Sepik Plains, but form extensive meander
complexes on the floodplain proper. At Iniok Site this contrast is reflected in the vegetation scrolling typical
of meanders, in which the seral communities are arrayed in continuous arcs reflecting stepwise shifts in
the riverbed. Topographic constraints preclude occurrence of such patterns in the upper Frieda River,
where the succession is thus more fragmented and localized. Except for the spatial distinctions, floristic
environments are essentially the same at both locations, particularly with respect to taxonomic profiles.

3.2 Lowland Open Forest (Po)

Frieda Bend Site, Ok Isai Site, Wario Site. (Figures 3 and 4)

Floristic description. Po forests are generally characterized by uneven canopies with numerous gaps,
and the presence of at least two arborescent layers. Overstorey emergents (especially of Octomeles
sumatrana) are found as scattered trees to 40 m in height. The most frequently seen genera are Artocarpus,
Cananga, Ficus, Intsia, Nauclea, Octomeles, Planchonia, Teijsmanniodendron, and Vitex.

Community variation. Forest class Po is found at Frieda Bend, Ok Isai and Wario Sites. The downstream
communities below Frieda Bend Site are much smaller in area than the others, and cannot be acquired
by the 1: 250,000 scale resolution of the FIMS overlay (Hammermaster and Saunders, 1995b: sheet SB
54-3). However these smaller communities clearly satisfy the diagnostic profile for Po-class vegetation, as
evidenced by the open overstorey of Cananga odorata, Intsia bijuga, Nauclea orientalis, and Octomeles
sumatrana—uwith a layer underneath composed of many species from the Fri woodland sere. The Frieda
Bend Site formations are probably an advanced stage in the riverine succession. Due to its topographic
position at the base of the Study Area Hill Zone, Frieda Bend Site is unusual in having three different forest
types (Hm, Fri, Po) in close juxtaposition. Only the topographically similar Wario Site had a more varied
vegetation around the survey site (consisting of Hm, Po, Fsw, and Wsw).
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Figure 2. Aerial view of the vegetation scrolling characteristic of Riverine Mixed Successions.

The alternating bands of forest and herbaceous swamp are induced by lateral displacements in
the river meanders.

Figure 3. Lowland Open Forest at Ok Isai Site.

Unlike most forest types, the ground is usually visible through a Po-class canopy. A, rattans
such as Korthalsia zippelii are prevalent; B, Campnosperma brevipetiolata is locally common in
the upper story, often accompanied by Buchanania, Elaeocarpus, Endospermum, Octomeles,
Pangium etc. Rhaphidophora (left centre) and other adhesive climbers are occasionally present
on larger trees.
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Ok Isai Site is a particularly wet version of the Po typing code. A considerable volume of standing water
(on riparian flats) was present during the survey of this location, no doubt exacerbated by heavy rainfalls
experienced at that time. Judging from the open canopy and profuse undergrowth, the observed swamping
severity probably represents prevailing conditions and is not merely seasonal.

Riparian canopies at Ok Isai Site were species-poor. Approximately 20 arborescent taxa were recorded,
represented primarily by Artocarpus altilis, Buchanania spp., Campnosperma brevipetiolata, Elaeocarpus
angustifolius, Endospermum labios, Intsia bijuga, Pangium edule, and Trichospermum pleiostigma.
Understorey growth was prolific owing to increased penetration of light through the sparse overstorey.
The high frequencies of pioneer taxa suggest that the Po forest here is dynamically connected to the Fri
class communities and is not an edaphic climax.

3.3 Swamp Woodland And Mixed Swamp Forest (Wsw and Fsw)

Kaugumi Site, Wario Site, Wogamush Site, Kubkain Site. (Figures 5, 6 and 7)

Floristic description. The Kaugumi Site vegetation is an alluvial wooded swamp complex comprised
of forest types Wsw (Swamp Woodland) and Fsw (Mixed Swamp Forest). Metroxylon-dominant stands
at Kaugumi Site are clearly referable to the Wsw code, the best examples being found along the stream
north of the bivouac. Such communities are usually sago-monodominant, but some stands also have
significant populations of Horsfieldia cf. sylvestris, Intsia bijuga, Kleinhovia hospita, Nauclea orientalis,
Pangium edule, Pometia pinnata, and Sterculia ampla/macrophylla, either intermixed with sago in the
same height interval or occurring as a diffuse, emergent story. Pioneering Endospermum labios and
Macaranga (mainly M. fallacina, M. strigosa) are particularly common in sunlit clearings, as are the
vining plants characteristic of edge situations (cf. list of lianes in Appendix 2.1, all of which are present at
Kaugumi Site with the addition of Quisqalis indica, a possible escape from cultivation).

A spatially discrete community at the Kaugumi Site, is an obvious example of the Fsw facies. The forest
there has an even canopy composed of Clusiaceae (Calophyllum and Garcinia, seen only as sterile trees),
with Gynotroches axillaris, Myristica cf. lancifolia, Podocarpus neriifolius, Terminalia sp. (“canaliculata-
complanata morphotype”), and Vatica rassak at lesser frequencies. Metroxylon sagu forms a distinct,
second tier beneath the depauperated overstorey. Most of the ground surface is covered by pools of
standing water with hydrophytic Hanguana malayana and Hydrostemma motleyi. The numerous masses
of ascending pneumatophores at this site are indicative of a fluctuating water table, the latter probably
keyed to periodic overflows from adjacent rivers.

Community variation. The spatial components of the Kaugumi Site vegetation can be collectively
assembled into a continuum of variation, with no two units being exactly alike in terms of taxonomic
compositions, frequencies of indicator taxa, and physical structure. This is generally true of riparian
communities because of their status as labile, succession-determined environments. Certain forest
stands at Kaugumi Site are exemplars of typing code Fsw and Wsw, but much of the area between them
are mixed entities with the constituents of either facies expressed in differing proportions. The forest
section immediately to the east of Kaugumi Site is charted by the FIMS as a Po formation, but ground
and air reconnaissance suggest it is actually transitional to the FswC swamp (Campnosperma-dominant).
The FIMS has referred the vegetation at Kaugumi Site to a composite code “Fsw/Wsw,” implying that the
forest is either of intermediate character between the given classes, or else the individual Fsw and Wsw
units are too small to be presented at the operational resolution. Despite some ambiguity in its manner
of code specification, the FIMS interpretation of Kaugumi Site is essentially correct and does not require
substantive alteration.

Because of their position on the Sepik flood plain, Wario, Wogamush and Kubkain Sites are predominantly

covered by Fsw. Although taxonomic compositions are comparable to the flooded floors in higher
valleys, Fsw canopies at Wogamush and Kubkain Sites are distinguished by the unusual presence and
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Figure 4. Lowland Open Forest at Ok Isai Site.

Forest understorey at photo station for Figure 3. Light penetrating through the open canopy
enables development of a dense herb layer. Foreground: Curculigo orchoides, a plicate-leaved
monocot rooted in standing water.

Figure 5. Swamp Woodland at Kaugumi Site.

Understorey view of the Wsw facies, generally Metroxylon monodominant (as shown) or with
shared codominance by a species-poor dicot association. Replacement of the sago palm by
other swamp-adapted trees is a principal indicator of transition to the various F-class forests.
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Figure 6. Mixed Swamp Forest at Kaugumi Site.

An example of the Fsw formation. Sago is the subordinate tier beneath a microphyllous upper
story.

Figure 7. Kubkain Site, alluvial wooded swamp complex.

A, Fsw forest, floristically transitional to the Peat Forest at East Sepik Site; B, Wsw swamp
woodland. Moving from “A” to “B” (west to east) community structures grade progressively from
Fsw to Wsw, in response to the increasing frequency and severity of flooding.
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dominance of Tetramerista glabra (Figure 16). The genus and its family (Tetrameristaceae) had been
newly recorded for Papuasia during the survey of East Sepik Site (see discussion in Chaper 8, Section
2.2.1), and was initially regarded as an indicator of peat substrates. Two rarely collected taxa (vines of
Schradera novoguineensis and Timonius caudatus) were consistently observed in these Tetramerista
stands. Arborescent Calophyllum and Garcinia spp. from the East Sepik Site Peat Forest were also
registered at high frequencies with the Tetramerista.

In the swampland southwest of Kubkain Site, the characteristic Fsw understorey (Hanguana malayana
dominant) is replaced by a congested groundcover composed almost exclusively of vining Freycinetia and
Nepenthes. The overstorey and understorey physiognomies are identical to the Peat Forest as presently
understood, except for the occurrence of palms (Calamus spp., Metroxylon sagu) and the presence of
a standing water table. The Kubkain Site swamps are thus transitional to East Sepik Site, the former
communities having the appearance of a successional facies—either a former peat formation that is losing
its ombrotrophic status, or an Fsw swamp sens. str. that is moving towards peat development.

3.4 Hill Forest (Hm)

All sites except Nena Limestone, Kaugumi, Lower Frieda, East Sepik, Iniok and Wario. (Figures 8 and 9).

Floristic description. The Hm Hill Forest is the most extensive vegetation in the Study Area, comprising
most of the environments examined by botanical survey. This is unambiguously indicated by the FIMS
mapping, and was easily verified by ground reconnaissance.

Hm communities in the Study Area are contiguous with Fri and Po forests at the lower elevations
(starting at ca. 50 m elevation), and with the L and Lc forests at the higher elevations near 1,000 m.
Taxonomic compositions in the Hm vegetation change progressively between these antipodes. All 27
of the FIMS indicator genera were collected or sight-recorded during the combined surveys (viz. the 10
genera characteristic of the Hm interval below 500 m elevation, and 17 in the interval above that level;
cf. Hammermaster and Saunders, 1995a: 11). Two genera with patchy distributions (Koompasia and
Eucalyptopsis) were not checklisted, but the others listed by the FIMS as locally significant (Dillenia,
Hopea, and Vatica) are very common both within and outside the Study Area.

At the upper part of its elevation range, the Hill Forest mixes with the L/Lc formation and taxonomic
compositions are overlapping. Hm canopies near this transition typically include Alstonia macrophylla,
Castanopsis acuminatissima, Elaeocarpus spp., Gordonia papuana, Helicia sp. nov. aff. macrothyrsa,
Kania eugenioides, Lithocarpus (L. celebicus, L. rufovillosus), Planchonella spp., Prunus (P. arborea, P.
schlechteri), Sloanea (S. pulchra, S. sogerensis), Sphenostemon papuanum, Syzygium spp., Trimenia
papuana, and Weinmannia fraxinea. Lauraceous trees (Cinnamomum, Cryptocarya, Litsea) are locally
dominant. Together with Sloanea, sapling crops are often primarily composed of regeneration from
the Lauraceae. In contrast to lowland communities, Hm understoreys are enriched by Begoniaceae,
Cyatheaceae, Gesneriaceae, Monimiaceae, Myrsinaceae, Rubiaceae (Psychotrinae), Thelypteridaceae,
Urticaceae, and Zingiberaceae. Epiphytic plants become increasingly numerous with elevation, particularly
involving Asplenium, Bulbophyllum, Davallia, Dendrobium, Lindsaea, Medinilla, Phreatia, Riedelia,
Selliguea, and the grammitioid ferns.

Unlike the premontane transition to L/Lc forests, the contact between Hm and lowland habitats is usually
abrupt and marked by easily perceived contrasts in community structure. The distinctions are obviously
attributable to sharp delineation of physical controls (drainage, seasonal flooding) at the intersection of hill
terrain and riparian flats. Distinguishing features of the Hm forest at this boundary include (corresponding
qualities of the lowland vegetation in parentheses):

1. complex stratification with niche-specific plants in the various layers (simplified vertical structures
with little evidence of niche specialization);
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2. uneven canopy outline (canopy layer, when present, of even height);

3. individual tree crowns often narrowly-longitudinal in form (crowns mostly horizontally spreading
and frequently flat-topped);

4. tree dynamics apparently determined by gap-phase regeneration over small areas (population
dynamics determined by wave regeneration over relatively large areas and conditioned by
flooding); and

5. vining plants infrequent (vines abundant, typically dominating forest edges).

Agathis labillardieri is the dominant Hm emergent and of special biogeographic significance as a
Gondwanic relict. The towering trees are the giants of the Study Area hill environments, capable of attaining
heights exceeding 50 m and usually clustering in visually unmistakable colonies. Large populations of A.
labillardieri are present as far north as the April River, at Gipa (9505861, 691,420; 4°28.11’ S, 142°43.51’
E) and Natawe (9494736, 672192; 4°33.13' S, 142°34.17' E; pers. 0bs.). The species is endemic to New
Guinea, occurring primarily on the Indonesian side of the island and reaching its easternmost limits in the
April and Frieda River tributaries (Laubenfels, 1988).

Community variation. Of all the forest types seen in the Study Area, the Hill Forest is the most variable.
The elevation dependency of this variation is so pronounced that individual formations are virtually
impossible to characterize except in relation to specific elevations of occurrence (refer discussion in
preceding section).

Despite the physiognomic distinctions between hill and lowland communities, a number of arborescent
taxa are distributed through both habitats. The facultative elements include Alstonia scholaris, Canarium
acutifolium, C. vitiense, Caryota rumphiana, Cerbera floribunda, Chisocheton ceramicus, Dracontomelon
dao, Dysoxylum excelsum, D. gaudichaudianum, Neuburgia corynocarpa, Pangium edule, Sloanea
sogerensis, Spondias cytherea, Sterculia ampla, S. macrophylla, and Syzygium pachycladum. Other
trees are restricted to well-drained slopes, rarely intruding onto the lowland flats. Aglaia (excepting A.
sapindina), Anisoptera thurifera, Calophyllum soulattri, Canarium maluense, Celtis spp., Ceratopetalum
succirubrum, Chionanthus spp., Crypteronia cumingii, Diospyros papuana, Dysoxylum alliaceum, D.
latifolium, Elaeocarpus (excepting E. angustifolius), Ixonanthes reticulata, Mastixia kaniensis, Parinari
papuana, Polyosma spp., Syzygium effusum, Teijsmanniodendron ahernianum, Weinmannia fraxinea, and
Xanthophyllum papuanum, are part of this latter assemblage. Most of the Lauraceae (spp. in Alseodaphne,
Cinnamomum, Cryptocarya, Endiandra, Litsea, Phoebe) are strictly hill taxa, and can collectively dominate
the lower elevation colline communities. However Agathis labillardieri and Gymnostoma papuana are
unquestionably the most conspicuous and reliable indicators of the Hill Forest transition. These tall trees
can be immediately recognized by their unusual form, and while often descending to within a few metres
of the alluvial plain, will rarely overstep the boundary.

Although the Hm forest is the most species-rich formation in New Guinea (Louman and Nicholls, 1995),
Wogamush and Kubkain Sites are unusually depauperate examples of the Hm mapping code. As small
hills surrounded by an alluvial swamp complex, these sites are the ecological equivalent of geographic
islands. The characteristic Hm genera are present, but usually represented only by single species—the
apparent result of dispersal failure from the Central Ranges and/or of increased niche competition from
spatial reductions in habitat (cf. the area-species relationship of MacArthur and Wilson, 1967). Moving
sequentially from Wario Site to Wogamush Site, and then ending at Kubkain Site, the hill-islands become
progressively smaller and more separated from the main body of the Study Area Hill Zone. Not surprisingly,
the most isolated locality (Kubkain Site) had the lowest species counts of any surveyed habitat.
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Figure 8. Hill Forest at Malia Site.

Hm landscapes are visually heterogeneous, reflecting their presumed status as PNG’s most
species-rich forest environment. Canopies are uneven in outline, polychromatic, and multi-
storied.
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Figure 9. Hill Forest at Malia Site.

Forest edge view of an Hm stand, showing its characteristically complex stratification and dense
occupation of all height intervals.

Figure 10. Small Crowned Lower Montane Forest at HI Site.

L forest. The principal arborescent families are Cunoniaceae, Lauraceae, Myrsinaceae,
Myrtaceae, Sphenostemonaceae and Theaceae.
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3.5 Lower Montane Forest (Lxc)

Includes Lower montane forest (L) sens. str. and transitions to Coniferous Lower montane forest Lc
Nena Limestone Site and HI Site. (Figure 10)

Floristic description. With the sole exception of Zanthoxylum (Rutaceae), all of the 38 floristic indicators
for L-class forest (in Hammermaster and Saunders, 1995a: 14) were recorded by the botanical survey. At
Nena Limestone and HI Site, canopies are composed primarily of Cryptocarya, Daphniphyllum, Gordonia,
Helicia, Litsea, Myrsine, Polyosma, Pullea, Quintinia, Sphenostemon, Syzygium, Weinmannia, and
Xanthomyrtus. Some of the FIMS indicator genera (e.g., Dryadodaphne, Galbulimima, Mischocarpus)
were rarely seen, but local variation of this sort is expected within widely distributed ecological units,
and does not detract from the given assignment. The inclusion of Zanthoxylum as a characteristic genus
by FIMS list is peculiar and inappropriate; the genus is very rare and thus hardly to be regarded as a
characteristic component of the lower montane forest (pers. obs.). Most foresters have never seen these
plants.

Most of the botanical diversity at Nena Limestone and HI Sites is attributable to development of the
epiphytic flora on moss-enveloped trees. Ericoid plants (Dimorphanthera, Diplycosia, Rhododendron,
Vaccinium), ferns (Asplenium, Ctenopteris, Goniophlebium, Grammitis, Pyrrosia, Selliguea), gesnerids
(Aeschynanthus, Agalmyla, Cyrtandra), gingers (Riedelia), melastomes (Catanthera, Creochiton,
Medinilla), and orchids (Bulbophyllum, Dendrobium) are especially speciose elements. Forest
understoreys were rather depauperate and often congested by impenetrable thickets of climbing bamboo
(Nastus productus).

Community variation. HI Site is mapped by the FIMS under category O, non-vegetated areas with
land use intensities from 0—4 (low to very high; Hammermaster and Saunders, 1995a: 10) within a land
section spatially corresponding to the proposed pit and implicitly described as an anthropogenic unit.
Notwithstanding this characterization, it is quite clear that the vegetation at HI Site is actually part of the
Study Area Montane Zone extending northeast from Mount Stolle (cf. Mianmin overlay sheet SB 54-3).
At Nena Limestone Site, forest structures have been similarly misinterpreted by the FIMS. Although the
limestone flora there is assigned to mapping code Hm, the community physiognomy and composition are
obviously montane, and more consistent with the L-type formation. Examples of the L forest are mapped
by the FIMS on several ridgetops within a 5-km radius of Nena Limestone Site, mainly to the southwest
(Iku), south, southeast, and northeast, but the elevational limits for montane forest have been set too
high for this particular sector and Nena Limestone Site (950 m elevation) is thus excluded. Because local
topography and meteorology can cause significant displacements in vegetation zones, the FIMS mapping
algorithms do not always reflect what is actually on the ground.

3.6 Coniferous Lower Montane Forest (Lc)

Nena Limestone Site and HI Site. (Figures 11 and 12)

Floristic description. Lc-class forests were seen only in mossy crestline habitats near 1,000 m elevation.
These communities are dominated by Gondwanic gymnosperms, mainly Dacrycarpus imbricatus var.
robustus, Decussocarpus wallichianus, Libocedrus papuana, Phyllocladus hypophyllus, Podocarpus sp.
(“pilgeri-rubens group”), and Prumnopitys amara. In addition to the coniferous component, Lc angiosperms
inthe Study Area are represented primarily by the families Cunoniaceae (Opocunonia, Pullea, Schizomeria,
Weinmannia), Elaeocarpaceae (Elaeocarpus, Sloanea), Ericaceae (Dimorphanthera, Diplycosia,
Vaccinium), Fagaceae (Castanopsis, Lithocarpus), Lauraceae (Cryptocarya), Melastomataceae (Astronia,
Beccarianthus, Catanthera, Medinilla, Pternandra), Myrsinaceae (Ardisia, Maesa, Myrsine), Myrtaceae
(Syzygium, Xanthomyrtus), Sphenostemonaceae (Quintinia, Sphenostemon), Theaceae (Eurya,
Gordonia), and Winteraceae (Drimys, Zygogynum). These same plants are often present in adjacent L
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Figure 11. Small Crowned Lower Montane Forest with Conifers at HI Site.
Lc forest on crestline. Conifers dominate the emergent canopy.
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forests but usually at different frequencies.

Community variation. Frieda Lc forests grade into the L-type forest (viz. L+c), especially with respect
to angiosperm compositions. At Nena Limestone and HI Sites, flowering plants of the Lc are not much
different from the L-profile. Ferns and epiphytes are well-represented in both facies. Except for the
abundance and stature dominance of gymnosperms in the Lc communities, it is difficult to draw clear
separations with the L formation. In recognition of the structural overlap, transitional communities have
been designated as L+c.

Figure 12. HI Site. Lc understorey.

Coniferous forests are cloud-zone environments. The presence of Lc communities at unusually
low elevations is suggestive of a depressed cloud belt in the Study Area.

3.7 Hsw - Herbaceous Swamp

Iniok Site and Kubkain Site.

Floristic description. Herbaceous swamps can be found near Iniok and Kubkain Sites, either as discrete
lacustrine habitats (e.g., Lake Warangai) or as stranded ox-bows and backswamps from former meanders.
The Hsw vegetation was not specifically targeted by the survey. Because of its well-documented (and
onerous) features, the botanical team made no attempt to visit these environments. However from flyover
observations and photos taken by members of the fauna team, it is quite clear that the areas charted by
FIMS under the Hsw code have been correctly classified.

The Hsw swamp is a monocot-dominant association composed primarily of amphiphytes. Such
communities typically include clump-forming or stoloniferous taxa such as Hanguana malayana, Scleria
ciliaris, S. polycarpa, Thoracostachyum sumatranum and representatives from the characteristic wetland
genera (Carex, Eleocharis, Lipocarpha, Schoenus, and Scirpus). Grasses are prominently represented by
Hymenachne amplexicaulis and Leersia hexandra.
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Community variation. The Herbaceous Swamp is one of several herbland formations in PNG and is
often associated with sago swamp woodland. Prior to the recent disappearance of floating grass islands
from stillwater bodies, Hsw species in the water would have included Leersia hexandra (the principal
component of the grass islands) with Cyperus cephalotes, C. platystylis and the native rice Oryza
rufipogon. These species were very common in the early 1990s when the writer made collections from
back swamps near Ambunti, but have since experienced marked population declines.

3.8 Peat Forest

East Sepik Site. (Figures 13, 14 and 15)

Floristic description. Canopies at East Sepik Site are dominated by Tetramerista glabra (Figure 16),
Calophyllum papuanum, Garcinia sp. (sect. Cambogia), Gmelina ledermanni, Syzygium aff. hemilamprum,
S. effusum, Palaquium sp., and Podocarpus neriifolius (in descending order of importance). A dense
undergrowth of sprawling Freycinetia blankets the understorey. The shrub/subarborescentlayers are mostly
empty, their vertical position in the forest collectively replaced by prolific populations of vining Nepenthes
ampullaria, Schradera novoguineensis, and Timonius caudatus. Epiphytic growth is exceptionally poor for
such a seemingly wet habitat: Asplenium nidus, A. phyllitidus, Davallia solida, Goniophlebium percussum,
and “Schefflera’ sp. comprising the only taxa present at meaningful frequencies. In spite of the pronounced
simplification in structure and composition, the vegetation at East Sepik Site cannot be categorized by the
FIMS and is undocumented in PNG. The formation involved (Peat Forest) has been extensively studied in
West Malesia, and has also been reported from Irian Jaya, but its existence in East Malesia has otherwise
been discounted. Although contemporary mapping systems do not acknowledge the presence of Peat
Forests in PNG (e.g., Paijmans, 1976; Hammermaster and Saunders, 1995a), there is no doubt that such
a forest class is represented at East Sepik Site. Based on FIMS acronym conventions, the mapping code
for the new forest should be FswTg (swamp forest with Tetramerista glabra).

Peat Forests may be more widespread in PNG than is presently suspected. Judging from East Sepik Site,
other occurrences in the Sepik River Basin should be ascertainable by remote sensing (aerial photography
and high-resolution satellite imagery), using the following markers:

» Peat Forests will be found on flatlands without large, in-flowing rivers (rivers always flow out of
peatlands, not into them).

e The canopy will be homogeneous, flat, small- or medium-crowned, and microphyllous (unlike
riparian swamps, macrophyllous Buchanania, Campnosperma, Octomeles, Pangium,
Schuurmansia, Sterculia, etc. will be excluded or nearly so).

e There are no emergent trees in Peat Forest (in contrast, riparian communities are often
characterized by a sporadic overstorey of Intsia bijuga).

»  Palms will be conspicuous by their absence—no rattans will be in the canopy, and emergents like
Actinorhytis, Cyrtostachys, Hydriastele (sens. lat.), and Metroxylon will be missing. The exclusion
of the sago palm (Metroxylon) is virtually diagnostic.

Certain expressions of the Fsw/Wsw swampland can mimic the aerial signature of the peat swamp, but
such communities will usually have Metroxylon as a principal canopy component, or as a visible substage
underneath a microphyllous-dicotyledonous overstorey (e.g., at Kaugumi Site). Although a transitional
forest facies has been recorded at Kubkain Site, the differentiating features noted above are still preserved.
Based on observations from overflights, the structural markers can be used to identify other potential
occurrences within the Sepik flood plain. In the event a mapping solution proves difficult to achieve, the
forest classification methodologies used in Borneo and Sumatra (Laumonier, 1990, 1997a, b; Laumonier
et al. 1983, 1986, 1987; RePPProT, 1990) should be considered for possible application to PNG.
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Tree canopies around East Sepik Site are structurally similar to the low-pole phasic forest of Anderson
(1963; types 4 and 5), characterized by low nutrient budgets and active peat accumulation. No evidence
has been found thus far of the taller phasic forests reported from Kalimantan (refer to discussion in
following section). These latter communities are always associated with situations where decomposition
of the peat column is occurring at the top, thereby removing the younger layers. The apparent absence
of tall, diversified forest is a circumstantial indication that Sepik stratigraphies are currently aggradational,
and not in climatic decline. Photographic plate B61.1 in Douglas Partners (2010) shows uneven-canopied
forest in the foreground, which may be this community. However because the peat survey was confined
to a single site, the possibility of multiple, physiognomically distinct seres cannot be discounted. The low-
pole forest documented by recent reconnaissance is possibly just one of several, still-unseen facies. If a
multi-phasic forest is actually present on the peatland, this will defeat attempts at aerial mapping, since
the criteria enumerated earlier will capture only a part of the communal variation. In such an eventuality,
ground-truthing will be the only effective procedure for defining the spatial extension of this formation.

The remarkable thickness of the peat stratigraphy at East Sepik Site (28 metres as determined by
Photographic plate B61.1 in Douglas Partners (2010) shows uneven-canopied forest in the foreground,
which may be this community). It is suggestive of an early origin for the deposit (although exceptionally
high sedimentation rates can also produce the same result, hence thickness in itself is not a sufficient
indicator of antiquity). The acrotelm, or aerated portion, of this column is very narrow—water tables at
East Sepik Site were only 18-25 cm below the surface during a two-day period without rainfall (11-12 July
2010), as measured from two dipwells of 40 cm and 85 cm depth. The narrow acrotelm is a necessary
condition for peat accumulation, since aeration would otherwise result in degradation of the deposit.

Community patterns in Peat Forests outside PNG. Lowland Peat Forests are widespread in the
Malay Peninsula, Borneo, and Sumatra, where their essential features have been characterized in detail.
While superficially similar in some respects to the kerangas (heath forest), peat swamps are easily
distinguished by their taxonomic and edaphic attributes (Ashton, 1995). Based on correlations between
Malesian exemplars, the defining features of this formation in its relation to the Sepik River Basin are:
1. the presence of a dome-shaped (lenticular) peat stratigraphy, sometimes of considerable thickness
(20+ metres have been reported toward the centre of some deposits; Whitmore, 1975, 1984); 2. a stilted
water table (not necessarily surface-perched, but higher than the ground surface of surrounding, non-
peat communities); 3. extremely low floristic diversity and endemism; 4. stunted forest growth, including
a preponderance of pole trees with poor crown development and small leaves; 5. severely disharmonic
floristic compositions (i.e., with many plant families missing from situations where they would normally be
expected to occur). A pattern reported from Borneo peat swamps but not applicable everywhere, is the
occurrence of a community successional catena when moving from the outer edge of the dome towards
its centre, suggestive of the oldest forest being the innermost one (Anderson, 1963). All of the above
features are present at East Sepik Site or at least not at variance with observations made there.

Peat substrates are consistently oligotrophic (infertile) and highly acidic (pH <4), characteristics which
induce nutrient deficiencies in their associated floras (Anderson, 1963). The conspicuous abundance
of Nepenthes ampullaria at East Sepik Site implies that such conditions are actually present, even if
unverified by actual measurement. Since the survey did not extend to the outer parts of the Peat Forest,
the character contrasts with surrounding communities are also unverified. However in light of compelling
floristic evidence, the unobserved qualities of this vegetation can be plausibly inferred from occurrences
documented elsewhere in Malesia. The community patterns in themselves, provide overwhelming support
for the given characterization. With the discovery of a genus/family previously regarded as an endemic of
West Malesian peat swamps (Tetramerista), the botanical evidence is rather conclusive.

In West Malesian peatland successions, the pole-stand facies is found on youthful surfaces with high rates
of peat deposition. Whenever tall forest is part of the succession, the near-surface peat has much older
radiocarbon ages, indicating that the column is oxidizing (degrading) and releasing nutrients back into the
normally ombrotrophic environment (Page et al., 1999). The increased nutrient capital provided by this
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conversion allows for seemingly anomalous development of tall and luxuriant forest over an oftentimes
deep catotelm (i.e., the anoxic substratum, see Anderson, 1963; Page et al., 1999).

If Peat Forest are drained and allowed to dry out the dried peat is also exceedingly prone to combustion.
Fires in Peat Forest can penetrate deep into the organic column, emerging elsewhere at unexpected
places (Page et al., 2002, 2004; Whitmore, 1984). Because of their inherent fragility when disturbed,
peatlands should always be retained as part of an undeveloped forest estate (Whitmore, 1984)

Forest-classification significance of the Peat Forest. The detection of forest types unrecognized
by contemporary classification is not unprecedented. During the Conservation International Kaijende
Expedition, a similar discovery (of montane Pandanus savanna) was reported from around Lake Tawa (in
Richards, 2007). The pandan savanna had clearly been misinterpreted by FIMS as a subalpine grassland
(Gi) and scrub (Sc), an assignment which violated the elevation criteria for those codes in addition
to ignoring obvious structural discrepancies. Modern systems of PNG forest mapping have not been
comprehensively ground-tested, so these sort of errors can be expected. The FIMS type Wsw mapped at
East Sepik Site is clearly incorrect. The forest observed on the ground has little in common with that kind
of vegetation, even within the wide circumscription adopted by the FIMS.

The genesis and ecology of peat swamps are determined by factors other than alluvial influence—
consequently such formations will not be traversed by large rivers. Because forestry exploration in PNG
historically followed navigable waterways, interior communities like the peat swamp were invisible to
previous itineraries. The fact that such forests were first reported from Irian Jaya by Polak (1933) and
by van Steenis (1957) can be understood in terms of their professional backgrounds. Both Polak and
Steenis had firsthand knowledge of the West Malesian vegetation and were thus prepared to recognize
the Peat Forest formation and the conditions associated with its occurrence and distribution. In contrast,
the collective experiences of forestry authors in PNG were decidedly with the Australasian flora, where
such communities are absent. The FIMS classification failures are largely attributable to this combination
of cognitive bias and habitat inaccessibility.

Biogeographic significance of the Peat Forest. West Malesian peat swamps are a recently established
vegetation of Holocene or Late Quaternary origins. The extensive swamps of East Borneo for example,
began as embayed mangroves at 5500 BP and later expanded in response to changes in sea levels
(Ashton, 1995). Geomorphological events in the Sepik River Basin suggest that its Peat Forests have
developed along similar chronologies linked to climatic change.

Loffler (1977) attributed the postglacial drowning of the Sepik River Basin to changes in flood plain
gradients caused by the higher sea levels. According to his interpretation, swamping occurred as earlier
periods of downcutting were curtailed and drainage became less effective. Newer evidence shows
however, that the basin was a shallow sea during the Holocene, and became progressively filled in
during the 3000-3500 yr interval leading to the present (Chappell, 1993; Swadling, 1997). Based on the
latest reconstruction, existing peat stratigraphies were probably initiated as organic deposits in brackish
estuarine communities—as with East Borneo, and grew in response to comparable late-postglacial events.
If formation of the inland sea has occurred during other Pleistocene interglacials (as inferred by Chappell;
ibid.) the paleohistory of the Sepik Peat Forest must be cyclical, involving periods of formation and decline
at individual sites, and possibly accompanied by spatial dislocations to other parts of the basin.

If the Sepik Peat Forest had developed in this way, it is hard to understand whyTetramerista is so common
here. The genus is a geographic specialist restricted to Sundaland and it is implausible that it could
have got to PNG within the narrow Holocene-postglacial time window available, especially as there is
no other botanical genus with that particular kind of disjunction. However, if the Peat Forest has a longer
history extending through previous Pleistocene cycles, the probabilities for such dispersal events are
commensurately higher. Coastal and lowland swamps are more extensive during periods of interglacial
sea advance (Terrell, 2002)—providing paleohistorical stepping stones that are no longer apparent.
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Figure 13. East Sepik Site, Peat Forest.

Interior visibility is good in comparison to other closed forest types. The substage is either clear
or (as shown here) sparsely occupied.
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Figure 14. Peat forest understorey with its characteristic groundcover of sprawling Freycinetia
(foreground).

Figure 15. Aerial perspective of East Sepik Site.

A, peat dome; B, transitional forest, probably a successional community to the peat formation;
C, dieback zone in alluvial wooded swamp, visible as a light-colored circumferential arc. The
presence of dead/dying trees on its periphery implies ongoing (outward) accretion of the peat
formation.
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Figure 16. Tetramerista glabra is an indicator specialist of Peat Forests in Peninsular Malaysia,
Borneo, and Sumatra.

The genus and its family (viz., Tetrameristaceae) were previously unknown in the Papuasian
region. Initially discovered on peat substrates at East Sepik Site, the tree was also recently
documented from Fsw and Wsw communities at Wogamush and Kubkain Sites. Tetramerista
glabrais a dominant species in swamp forests of the Study Area.

Figure 17. HI Site.

The proposed open pit as seen from the crestline depicted in Figures 9 and10. Arrow: area of
extensive drilling and associated vegetation regrowth. Notwithstanding the increased presence
of weedy plants around the drill pads, local forest structures are presently determined only by
natural processes of floristic succession.
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4 RESULTS - FLORA

4.1 Diversity

The botanical survey of the Study Area has yielded a total of 1,478 specimen numbers in replicate sets.
There are 184 vascular plant families, 735 genera, and at least 1,354 morphospecies represented in
the cumulative checklist. The vouchers are accompanied by 59 accessory samples bottled in spirit
(mainly flowers with delicate parts), 107 leaf samples for DNA sequencing, and 55.9 gigabytes of high-
resolution digital imagery (usually 3456 x 2304 pixels). In addition to the physical collections, the survey
checklist includes 500+ taxa enumerated by sight recognition. More than 1,354 morphospecies have
been documented thus far, but an exact tally is not possible due to the absence of diagnostic structures
on many specimens and the provisional nature of identifications in unrevised groups. Taxonomic counts
from the survey are enumerated in Table 3 according to the principal categories of vascular plants and a
full species list in Appendix 2.1.

It is impossible for rapid assessment surveys to find every species within a territory as large as the Study
Area. Unlike plants of the high montane zones, the lowland flora is characterized by unpredictable and
ephemeral phenologies which impede attempts at floristic stock take. The sampling coverage achieved by
recent investigation is an imponderable, but may be one of the highest in modern Papuasian inventories
(cf. Takeuchi, 2003b). More species have been recorded and collected during the Project survey than for
any comparable operation in PNG'’s post-Independence period, exceeding even the combined results from
previously unexplored areas on the Papuan karst (cf. Crome, 2009). Conservation International’s Rapid
Assessment Program of biological exploration, widely recognized as the most successful itinerary of its
kind, generally produces botanical checklists about half the size of the Project Survey tallies (see Mack,
1998; Mack and Alonso, 2000; Beehler and Alonso, 2001; Richards, 2007). The results from the Study
Area are suggestive of exemplary diversity and underscore the difficulties of developing a comprehensive
understanding of this flora. Definitive improvements to the knowledge base will require considerable effort
and are many years, probably decades, into the future.

Table 3. Taxonomic counts by vascular plant category

FERNS | GYMNOSPERMS | MONOCOTYLEDONS | DICOTYLEDONS TOTALS
Families 28 5 30 121 184
Genera 90 10 140 495 735
Species 209 14 207 924 1354

4.2 Species New to Science or Undescribed

Although the herbarium study is ongoing, a substantial number of floristic records have already been
obtained and the results to date are that the surveys discovered 2 genera and 22 species new to science
or undescribed (Table 4).

4.3 Range Extensions

Range extensions included two generic distributional records for New Guinea, three species distributional
records for PNG, four rediscoveries of plants known only from lost types, three range extensions for
species previously known only from type localities and 15 range extensions of taxonomically significant
plants.
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Table 4. Occurrence of species new to science or undescribed at survey sites.
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Species new to Science
Phyllanthera sp. nov. | Apocynaceae Hm &L X X X 3
Diospyros sp. nov. Ebenaceae L&Lc X X1 2
Glochidion sp. nov. Euphorbiaceae Hm &L X X 2
Archidendron sp. nov. | Fabaceae Hm X X 2
Catanthera sp. nov. Melastomataceae | Hm & L X X| X X 4
. Hm, L, &
Creochiton sp. nov. Melastomataceae Le X X 2
. Hm, L, &
Medinilla sp. nov. A Melastomataceae - X X X X X 5
Medinilla sp. nov. B Melastomataceae | Hm & L X X 2
Medinilla sp. nov. C Melastomataceae | Hm & L X X X 3
Chisocheton sp. nov. | Meliaceae Hm X X X[ X 4
Kibara sp. nov. Monimiaceae Hm &L X | X X 3
Ardisia sp. nov. A Myrsinaceae Hm X 1
Ardisia sp. nov. B Myrsinaceae Hm X X 2
Discocalyx sp. nov. Myrsinaceae Hm X | X X X 4
Helicia sp. nov. Proteaceae Hm &L X X 2
Psychotria sp. nov. A | Rubiaceae Hm X X X 3
Psychotria sp. nov. B | Rubiaceae Hm &L X X X 3
Timonius sp. nov. Rubiaceae Hm X | X 2
Zygogynum sp. nov. Winteraceae Hm X X X 3
Undescribed species previously discovered outside the Study Area
genus (undescribed) | Annonaceae Hm X | X X 3
genus (undescribed) Melastomataceae | Hm & L X X X 3
Cyrtandra sp. .
. Gesneriaceae Hm X[ X 2
(undescribed)
Psychotria sp.
Y . P Rubiaceae Hm X X 2
(undescribed)
Beccariella sp. Sapotaceae Hm X 1
(undescribed) P
Totals 87| 4| 6 5(6] 3| 11| 9 4
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4.4 Conservation Listed Species

Fourteen taxa were found that listed by IUCN as other than Least Concern - one Critically Endangered,
one Endangered, six Vulnerable and six Near Threatened (Table 5). In addition one of the mosses
described in Piipo (1986) is Critically Endangered (see Table 5).

Table 5. IUCN listed species recorded
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Rutaceae Halfordia papuana Lauterb. | CE X
Flindersia pimenteliana F.
Rutaceae EN S S X X
Muell.
. Ceratopetalum succirubrum
Cunoniaceae . VU S X X
C.T. White
Fabaceae Intsia bijuga (Colebr.) Kuntze| VU| S| S| S| S| S| S| S| S| S S S
Fabaceae Pterocarpus indicus Willd. VU S
L Horsfieldia ampliformis de
Myristicaceae| . VU X
Wilde
L Horsfieldia sepikensis
Myristicaceae VU X
Markgr.
Myristicaceae| Myristica buchneriana Warb. | VU X X X
Cycadaceae | Cycas rumphii Mig. NT| S S| S S
. Aglaia agglomerata Merr. &
Meliaceae NT X
Perry
) Aglaia sapindina (F. Muell.)
Meliaceae NT S X
Harms
) Aglaia subcuprea Merr. &
Meliaceae NT X S
Perry
Myristicaceae| Myristica globosa Warb. NT X| X X
Meliaceae Aglaia rimosa (Blanco) Merr. | NT| S S S| S| X
Taxa not included in this botanical survey
Brvophvie Moss Schistochila CE
yophy undulatifolia Piipo

note: entries S = specimen collected, X = sighted, CE - Critically Endangered, E - Endangered, VU - Vulnerable, NT - Near Threatened.
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5 RESULTS - ALIEN PLANTS IN THE STUDY AREA.

Occurrences of alien plants are directly correlated to human presence and infrastructure. At Iniok Site the
environment has been so thoroughly impacted by introduced species that nothing of botanical interest was
found within walking distance of the settlement. The entire area is essentially an altered anthropogenic
landscape. Alien floras were similarly recorded at at Wario,Wogamush, Kubkain and Ok Binai sites, as a
result of proximity to villages and major pedestrian tracks.

Nena Base Site predictably had significant levels of floristic disturbance (at least 26 introduced and/or
adventive species) but these are confined to the historic exploration facilities and immediately adjacent
areas. Because of the presence of a gauging station and helipad, Nena D1 Site had four herbaceous
aliens and Malia Site had three. In places where drilling has occurred (e.g., HI Site), weeds were always
found around the drill holes including Ageratum conyzoides, Crassocephalum crepidioides, Cyperus
brevifolius, Eragrostis chariis, Erechtites valerianifolia, Lophatherum gracile, and Paspalum conjugatum.
Along open streambeds the weedy Cassia alata, Celosia argentea, Chrysopogon aciculatus, Paspalum
conjugatum, and Passiflora foetida, were often recorded. All observed adventives are benign plants of
low invasive capacities and are not regarded as conservation threats. With the foregoing exceptions,
environments within the Study Area are entirely weed free. One site in particular (East Sepik Site), was
botanically pristine, with no evidence of alien species even on the helipad. The acidic substrate at that
locality is probably inhibiting establishment of non-native plants.
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6 DISCUSSION

6.1 Community Patterns in Hill and Montane Environments

The presence of L/Lc forest at Nena Limestone and HI Sites is clearly conveyed by the heavy epiphyte
loads on trees, the reduction in tree statures and crown size, and (most decisively) by the species
composition. Despite unambiguous evidence of L/Lc occurrences, the elevations involved (<1,000 m
elevation) are very unusual and far below the usual elevation range for such formations.

The surprising records of high montane plants, especially at Nena Limestone Site, is reminiscent of reports
from PNG'’s southern region (Takeuchi, 2010). Massenerhebung (i.e., the elevational compression and
lowering of vegetation zones in isolated ranges) cannot be invoked in explanation of observed anomalies
since the Study Area Hill Zone is contiguous with the Central Cordillera. Elevation-related irregularities
from PNG’s southern flora have been attributed to exceptionally high rainfalls on specialized substrates
(Takeuchi, 2008b, c, d) and this is arguably also true for Nena Limestone and HI Sites . The unusual
development of montane forest at low elevations was similarly attributed to perhumid conditions by Brass
(1938) and by Jermy (1965). Ultramafic geology in the Study Area, acting in possible synergy with rainfall,
may be contributing to the observed elevation patterns. Vertical displacement of vegetation zones is
well-documented in forests of the Papuan Ultrabasic Belt and is spatially correlated with the presence of
ophiolite in that district (Takeuchi, 2003a).

In Frieda Hm environments, the streambeds have steeper gradients and narrower channels than those
from lowland localities. Forest canopies are able to close over the numerous creeks comprising these
upland watersheds. Heliophytic species characteristic of the flatlands are thus excluded. To a limited
extent, the indicator trees of lowland plains (Intsia, Nauclea, Octomeles, Pterocarpus, etc.) can be found
in certain parts of the descending channels (e.g., at Nena-Usage Site), but the riparian communities are
too limited in spatial extension to have any kind of mapping significance. Despite being accompanied by
higher frequencies of seral taxa, Hill Forest extends more or less continuously along such riverbeds.

Flood surges are common in the upland channels, as evidenced by the presence of rheophytic specialists
(Dipteris lobbiana, Ficus arbuscula, F. trinervia (pachystemon facies), Heterospathe macgregorii,
Phyllanthus rheophilus, Sphaerostephanos warburgii, Syzygium xylopiaceum). The adjacent forest
supports a diverse conspectus of endemic taxa, particularly in the ground and substage intervals. This can
be contrasted with the lowland plains, where vegetation is chiefly composed of a repeating assemblage
of cosmopolitan plants. From the perspective of descriptive taxonomy, the high-value environments in the
survey tract are the hill or montane forests. As a general rule, little of botanical significance will be found
on flood plains traversed by turbid waterways. Such distinctions are also reflected in the historical results
from the Augustafluss Expedition—the German botanical discoveries occurred in the hill habitats, not the
lowland ones.

6.2 Community Patterns in Lowland Environments

Sepik lowland forests are a catena of successionally related environments, whose major facies (Fri, Fsw,
Po, Wsw) are interlinked by gradations in community physiognomy and structure. These swampland
habitats also merge into the lacustrine vegetation represented by code Hsw (e.g., at Lake Warangai;
Hammermaster and Saunders, 1995a, b). The wetland biome is thus a continuum of principal components
individually capable of gross characterization, but for which specific forest units are not always going to
show precise conformity. As evidenced by the FIMS, it is often impossible to draw discrete lines between
communities, owing to structural overlap, but this is a corollary of any system involving continuous
variation. Rather than focusing excessively on the mapping identity of certain land sections, it is more
useful to examine the environmental trends reflected in their interrelation.
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In general, increasing levels of swamping severity (as measured by temporal persistence of standing
water), will result in progressively reduced beta diversity, lower tree statures, crown-form depauperation,
elimination of macrophyllous taxa, and simplified stratification usually involving disappearance of the
middle layers. These tendencies are embodied in the structural sequence: Po/Fri (late stage) Fsw Wsw/
Fri (early stage) Hsw, moving in the direction of impoverishment and simplification. Although the given
sequence is not necessarily a successional series, it summarizes the physical contrasts between forest
types studied by the survey.

6.3 Comparative Community Values

The Hm and lowland communities (Fri, Fsw, Po, Wsw) are the forest types most susceptible to direct
impacts from mineral extraction. Of these five, the Hm formation will be of most concern judging from
documented taxonomic values. Lowland-successional communities are species-poor and weedy. No
botanical novelties have been confirmed from these latter places, but at least 12 new plants were found
exclusively in Hm forests. Among the vegetation types examined, Fri, Fsw, Po, and Wsw communities
are the least prospective for scientific discovery and have the lowest intrinsic botanical significance.
This is not the same as saying that the environments are collectively expendable, since there are
anthropogenic services to be considered when assessing such vegetation. Lowland habitats are usually
the most accessible to local villagers and many of its plants are ethnobotanically useful. The resilient
bark of Trichospermum pleiostigma for example, is employed for cordage and house flooring throughout
New Guinea (Takeuchi, 2008e). Among the extensive listings of Sepik medicinal plants in Powell (1976),
Cassia alata can be randomly mentioned as a widely-used palliative for skin diseases. Trees of the Fri-Po
zone (e.g., Intsia, Pometia, Pterocarpus) are also high-grade timbers whose desirability is enhanced by
the logistical ease of commercial extraction, compared to hill species like Agathis labillardieri. Although the
present assessment explicitly adopts a botanical bias, there are admittedly other considerations, including
social-economic ones, that are beyond the purview of floristic evaluation.

6.4 Threats From Alien Species

In addition to their speciose contents, the Study Area forests are remarkably free of terrestrial weeds (Figure
17) except in well-defined and localized situations close to village settlements (e.g., Iniok, Wogamush
and Kubkain Sites)—where anthropogenic changes have already occurred). This pattern is particularly
applicable to the upland sections where human foot traffic is minimal or absent. The good condition of the
Hill Forest can be contrasted to Sepik still-water habitats where invasive species (Eichhornia crassipes,
Pistia stratioides, Salvinia molesta) once had devastating impacts (Mitchell et al., 1980; Gewertz, 1983)
that were only recently alleviated by biocontrol intervention (see Mitchell, 1981; Thomas and Room, 1985).
Thus far only floating aquatic weeds have created problems in Sepik stillwater habitats, but substrate-
rooted weeds (Egeria, Elodea, Hydrilla, Lagarosiphon, etc.) could create future difficulties.

There are new reports of environment-altering aliens in the Jayapura-Vanimo border area, involving
Chromolaena odorata, Cleome rutidosperma, Limnocharis flava, and Mikania micrantha (Waterhouse,
2003). These recently established weeds could become intractable pests if they move upriver into the
Study Area. The neotropical Piper aduncum has already inflicted serious damage on native ecosystems
of north-central New Guinea (Rogers and Hartemink, 2000; Leps et al., 2002), but has thus far not
invaded the Frieda River catchment. Among the wetland adventives extant in New Guinea, Mimosa pigra
is probably the most significant potential threat (Orapa and Julien, 1996; Shearman, 1999). Preventive
measures should be considered for the Study Area, in proactive response to the emerging situation in
nearby territories.

In some upland environments (e.g., Nena Base and HI Sites) the vegetation is a mosaic of successional
communities and mature forest. Although human activities have increased the frequencies of pioneer
taxa, the floristic changes in such areas are merely quantitative in nature, not qualitative. The collective
composition of the flora remains the same despite the proportional increases in successional plants. As
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long as preexisting patterns of floristic succession are preserved, the forest will eventually reconstitute
itself through natural process. Even though the canopy at Nena Base and HI Sites has been disrupted by
drillpad operations, the vegetation is still an Hm or L+c formation, because the floristic composition has not
been qualitatively altered (Figure 17). The gap-phase regrowth at those sites is a transient condition, and
is actually necessary for long term maintenance of forest structure. Whether or not the dynamic sequence
of demographic renewal is initiated by human or natural agency is immaterial, if the end result is the same.

Floristic successions in Study Area Hill and Montane Zone habitats are presently determined by native
species, with only inconsequential participation by alien plants. However the weeds listed previously
(e.g., Chromolaena odorata, Limnocharis flava, Piper aduncum) are aggressive invaders in newly
opened areas, capable of establishing suppressive groundcover which can smother native regeneration.
Piper aduncum is particularly effective at coppicing from horizontal stems and excluding other species
by forming impenetrable stands (Leps et al., 2002). Among vining aliens, Mikania micrantha and the
ecologically similar Passiflora mollissima, are probably the most significant future threats (see de Wilde,
1972; Henty and Pritchard, 1988). Dense infestations of these neotropical lianes typically occur in forest
gap regrowth, displacing native plants and subverting the normal sequence of vegetation succession.
Undetected incursions by such weeds can eventually lead to habitat degradation, biodiversity losses, and
reduced watershed values.

Alien flora is probably of least concern for the Peat Forest at East Sepik Site. Peat substrates have
deleterious qualities which discourage invasion by plants unadapted to that kind of edaphic environment.
Aliens only invade if the water balance in Peat Forests is altered (e.g., by construction of roads or deliberate
drainage, neither of which are planned by the Project) which can change dramatically soil chemistry
(Page et al., 1999). Aeration and oxidation of the peat column will release nutrients into an expanded
acrotelm, facilitating invasion by species presently excluded from those habitats.

6.5 Relationships of the Frieda Flora

Contemporary studies in the Hunstein area are of considerable relevance to the Study Area, as such
inquiries are providing increasing indications of substantial overlap between the respective floras,
particularly in regards to their most outstanding constituents. With no obvious habitat discontinuities to
separate them, Hunstein-Frieda colline environments collectively comprise a natural geofloristic unit (the
Sepik Hill Zone, or the “East Sepik Foothill Zone” sensu Hammermaster and Saunders, 1995b). Plant
records documented by recent Hunstein surveys are very likely to be duplicated in the Frieda River basin.
In anticipation of future developments, modern discoveries from the April-Ambunti Hill Forest are collated
in Appendix 2.2. Judging from historical and contemporary precedent, many of the listed plants will be
eventually enumerated from the Study Area.

6.6 Patterns in Floristic Documentation

Based on the results from past exploration, modern authorities have consistently rated the upper Sepik
as an area deserving of priority conservation action (Stevens, 1989; Beehler, 1993; Sekhran and Miller,
1994). These earlier estimates have been corroborated by the Project surveys. Despite unfavourable
phenologies, floristic counts were very high and consistent with elevated richness.

Vascular plants are always present in considerably greater numbers than the vertebrate fauna sharing
their habitat. There are at least 30,000 plant species in New Guinea (Supriatna, 1999), but only 329
aquatic fishes (Allen, 1991), 831 birds (Mack and Dumbacher, 2007), 603 herpetofaunal species (Allison,
2007), and 92 bats (PNG only; Bonaccorso, 1998). The task of documenting a specific plant against
the background diversity is thus of a commensurately higher level of difficulty compared to the faunal
groups. Because of the limitations imposed by a large sample universe, a small number of documenting
collections seldom translates to biological rarity when relevant habitats are subjected to intense scrutiny.
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The disconnection between documentation rarity on one hand, and floristic rarity on the other, is mirrored
in post-classical expeditions to the upper Sepik. Beginning with the Hoogland and Craven expedition in
1966, and continuing to the present, each successive entry into the Augustafluss localities has produced
more recoveries of lost taxa and discoveries of new ones. The expanding ledger of Augustafluss plants
has not been confined to the type localities, showing conclusively that the species concerned are not
single-site endemics. And contrary to expectations derived from the historical record, the recovered taxa
are often present in large populations (e.g., Airosperma grandifolia, Ardisia laciniata, Chlamydogramme
hollrungii, Sepikea cylindrocarpa, Tetracera lanuginosa).

A recurring theme from modern biosurveys in Papuasia is the occurrence of unexpected records involving
plants otherwise documented only from type localities. Many lost Augustafluss species have been found
far outside the Sepik River Basin. Aporosa brevicaudata, previously known only from Ledermann’s
destroyed collections, was recently neotypified from Western Highlands Province, and additional
populations reported from Irian Jaya (Schot, 2004). Agalmyla chrysostyla, Aporosa flexuosa, A. reticulata,
Elaeocarpus peistocarpus, E. sarcanthus, Rhododendron gardenia, and Timonius subcoriaceus, whose
types were all lost at Berlin, were rediscovered at sites far removed from the original locations. The
converse has also occurred. At least three species once known only from type localities outside the Sepik
(Diospyros fusicarpa, Prunus osiana, Syzygium kipidamasii) have now been registered in the Study Area.
Many more taxa could also be cited—only five genera (in Coode, 1978, 1981; Darwin, 1994, 1997; Hilliard
and Burtt, 2002; Schot, 2004; Argent, 2006) have been sifted as demonstrative models. Judging from
general pattern and historical precedent, plants are nearly always more widely distributed than collections-
based knowledge will tend to indicate.

Geocladistic analyses of species distributions show very poor correlations between plants and individual
terrains (Welzen, 1997; Heads, 2003). The distributional linkages to geology are expressed on larger
spatial scales, involving paleohistorical phases of tectonic accretion rather than particular crustal sections
(ibid.). Based on the evidence from geological process, future records of April River plants should be
skewed to the west (Takeuchi and Golman, 2002), in the direction of the accretion unit subsuming the
Sepik (cf. Pigram and Davies, 1987; Davies et al., 1997). All distributional records obtained from the Study
Area (excepting Barringtonia josephstaalensis of Madang) are extensions from localities in the west; none
include taxa strongly centred to the east.

6.7 Floristic Knowledge Gaps

The most cogent demonstration of contingent knowledge gaps is provided by Gyrinops ledermannii
(eaglewood), a subarborescent species highly sought in international commerce. Prior to 1998, the
species was known from Ledermann’s single collection (now lost) at Pfingstberg (9511752, 566569; 4°25’
S, 141°36’ E), and only a taxonomic specialist would have been able to identify the plant. Immediately
following media reports of high prices being paid by Asian traders, knowledge of eaglewood improved
in astonishing fashion as village prospectors scoured their lands for the valuable product. Within the
last 10 years, G. ledermannii has dramatically emerged from scientific obscurity, and has now been
reported from at least 45 localities in 7 provinces (Gunn et al., 2004). The circumstances responsible
for this remarkable transformation are also applicable to many of PNG’s supposedly rare plants. To a
significant but unappreciated extent, rarity resides in the population of human observers more than the
botanical targets. Species are more or less constant over periods of historical time. It is the human traffic
of motivated observers and their itineraries which change.

Overhanging all of these considerations is a historical fact often ignored in conservation assessments of
the Papuasian flora. There is no well-supported example of an endemic plant becoming extinct in New
Guinea because of anthropogenic action or commercial development. The most likely candidates for
such distinction would be llligera novoguineensis and Lauterbachia novoguineensis of the Ramu-Gogol
basin, both of which are known only from historical collections made over 100 years ago (Philipson,
1986; Duyfjes, 1996). Because of extensive fires (possibly El Nino related) in the 1940s, and subsequent
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clearcut operations within former logging concessions, extinctions may have occurred in that particular
basin (Johns, 1986). But aside from the empirical impossibility of proving physical absence in nature,
floristic claims for man-made extinctions are particularly speculative when natural-growth habitats remain
intact adjacent to impacted localities. The distinctive Psychotria dipteropoda, a sympatric associate of the
preceding species, was recently rediscovered in the Ramu district after a similar documentation hiatus of
ca. 100 years (Takeuchi, 2000). As evidenced by Gyrinops ledermannii and Psychotria dipteropoda, the
historical absence of information is an especially weak foundation for scientific inference.

The upper Sepik is a critical type locality for several plant families, the most obvious of which are the
Elaeocarpaceae, Euphorbiaceae, Melastomataceae, Myrsinaceae, Myrtaceae, Proteaceae, and
Rubiaceae. The botanical survey provides unmistakable indications of the importance of these families in
the Sepik vegetation. At least five recoveries have been obtained of German taxa lost at Berlin. New plants
have been added. The most unusual novelties are significantly in genera and families where the upper
Sepik has already yielded distinctive species, suggesting that its floristic diversity is far from adequately
sampled. This circumstance in itself, argues for caution when interpreting survey results, particularly those
implying rarity.

Notwithstanding the discovery of a new overstorey Helicia, the lost congeners H. ledermannii, H.
schlechteri, and H. torricellensis, seen only by early German botanists, have yet to be recovered.
Arborescent Elaeocarpus are especially in need of further exploration attention. The identities of
Elaeocarpus cheirophorus, E. clethroides, E. compactus, E. flavescens, E. fuscus, E. mallotoides, E.
pachydactylus, E. pentadactylus, and E. terminalioides, cannot be ascertained because of a continuing
lack of specimens referable to those names (Weibel, 1971; Coode, 1978, 1981). In other recently revised
plant groups, 3 species of Rhododendron (Argent, 2006), 10 of Psychotria (Sohmer, 1988), and 13 of
Aglaia (Pannell, 1992) can be cited as taxa awaiting recollection. There are certainly many more.
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7 CONCLUSION

The most salient points from the preceding discussion are recanted in summation.

1. The floristic-tectonic affinities of the Sepik flora are primarily to the west (Irian Jaya), a region
with less than 30% of the botanical documentation coverage of PNG (Takeuchi, 2007). The poor
knowledge base in West New Guinea will exaggerate the level of apparent endemism in the
Sepik flora, by masking the actual range of its plants.

2. As a consequence of item “1” above, single-locality records are unlikely to represent veridical
examples of localized distribution.

3. Of the botanical novelties discovered thus far, two are known from a single site, 10 from two
sites, and 12 from three or more sites. Five of the taxa, including 2 gen. nov., have been recorded
outside the Study Area by earlier surveys of the Hunstein district.

4. Eight of the species new to science were seen only in Hill Forest (Hm , ten were found in both
Hill Forest and Montane Forest L+c and one was found only in Ltc forest. There were no species
new to science in the lowland (Fri/Fsw/Po/Wsw) vegetation. Similarly, of the five undescribed but
already known species, four were only found in Hm and the fifth in both Hill Forest and Montane
Forest L+c . The highest-value assets are thus all in the Study Area Hill and Montane zones,
where taxonomic compositions are overlapping.

5. The botanical novelties are concentrated in three speciose families (Melastomataceae,
Myrsinaceae, and Rubiaceae). These families were also of special significance as sources of

new plant descriptions for the Augustafluss Expedition.

6. There are 15 species listed as other than Least Concern by IUCN.
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Cyrtandra aff. bracteata Warb.

Cyrtandra sp. nov.

Sepikea cylindrocarpa Warb.

Grammitidaceae

Grammitis taeniophylla Parris

Icacinaceae

Medusanthera sp. nov.
Takeuchi 6230.

Loranthaceae

Scurrula sp.
Takeuchi 6905.

Melastomataceae

Astronidium circumscissum Maxw.

Beccarianthus rufo-lanatus Maxw.

Creochiton ledermannii Mansf.

Pternandra sp. nov.

Meliaceae

Dysoxylum sparsiflorum Mabb.

Myristicaceae

Myristica dasycarpa de Wilde

Myristica fasciculata de Wilde

Paramyristica sepicana

Myrtaceae

Syzygium lamprophyllum Diels

Waskuk, 4°11' S, 142°44’' E, new subspecies; det. WT on
Takeuchi 10126, 10148, 10180, 10181.

Hunstein ridge, scattered between 4°30.49' S, 142°43.62' E
and 4°31.30’ S, 142°40.86’ E.

Hunstein ridge, scattered between 4°30.49' S, 142°43.62' E
and 4°31.30' S, 142°40.86’ E; rediscovery of lost endemic
genus; det. B.L. Burtt onTakeuchi 5108, 5260.

Mt Hunstein, typified from Hoogland & Craven 11034 in Parris
(1983), also known from one collection in Irian Jaya.

Hunstein ridge, 4°30.39’ S, 142°43.51' E; det. WT on

Hunstein, PNG generic record, det. P.F. Stevens on

Mt Hunstein, E ridge 4°31’ S, 142°40’ E, type locality (Maxwell
& Veldkamp, 1990), also occurs in Western Highlands
Province.

Mt Hunstein, E ridge 4°31’ S, 142°40’ E, known only from the
type collection (Hoogland & Craven 10832). Discussion in
Maxwell and Veldkamp (1990).

April River, apparently restricted to this area; det. WT on
Takeuchi 6291. var. turbinata Maxw.

Bugabugi at Natawe, 4°33'11" S, 142°34'22" E; also at Okahsa,
4°33'22" S, 142°34'50” E; det. S. Renner (pers. comm., ca.
May, 2002) on Takeuchi 10360.

Hunstein River, typified from Hoogland & Craven 10601
(Mabberley, 1994), also with one collection from Irian Jaya.

Waskuk, 4°11’ S, 142°44’ E, typified from Regalado & Takeuchi
1520 (in de Wilde, 1998), common through area.

Hunstein, described from Hoogland & Craven 10400 (in de
Wilde, 1998), restricted to upper Sepik.

monotypic genus known only from the Hunstein River; in de
Wilde (1994).

Hunstein, rediscovery of a Ledermann species lost at Berlin
and unmatched by Hartley and Perry (1973); det. WT on
Takeuchi 4913.

Syzygium purpuricarpum  known only from Mt Hunstein, typified from Takeuchi 5342 (Snow & Craven, in
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Syzygium sp. nov.

Piperaceae

Piper sp. nov.

Proteaceae

Bleasdalea papuana (Diels) Domin

Rosaceae

Prunus sp. nov.

Rubiaceae

Myrmephytum sp. nov.

Psychotria yapaensis Sohmer

Psychotria sp. nov.

Timonius longifolius Valeton

Genus nov. (distr. as “Randia”)

Sapotaceae
Beccariella sp. nov.

Pouteria lamii Baehni

Tectaria Group

Chlamydogramme hollrungii

Winteraceae

Zygogynum sp. nov.

Snow & Craven press).

known only from Mt Hunstein; det. WT on Hoogland & Craven
10854.

Hunstein ridge, 4°30.49’ S, 142°43.62' E; det. M. Jebb on
Takeuchi 5070.

Mt Hunstein, IUCN-listed as endangered, det. WT on Takeuchi
5107, 5336, 6284, 6956.

Hunstein endemic, sp. D in Kalkman (1993), det. WT on
Takeuchi 5111, 5232.

Gahom, 4°37.81" S, 142°44.91' E; generic record for PNG,
det. M. Jebb onTakeuchi 6661.

Hunstein River, typified from Hoogland & Craven 10802 (in
Sohmer, 1988), also known from one collection in Irian Jaya.

Hunstein, det. WT on Takeuchi 4756.

Hunstein River, rediscovery of lost Ledermann species,
Hoogland & Craven 10663 designated as neotype (Darwin,
1994).

Hunstein, a distinctive novelty with 8-ridged fruits recalling a
cacao; det. WT on Takeuchi 4822, 6706, also represented by
NGF 18025.

Ambunti, det. U. Swenson on Takeuchi 17700.

Hunstein summit ridge, 4°31.30' S, 142°40.86' E (Camp 4);
rediscovery of lost German species, Takeuchi 6442 designated
as neotype in Vink (2002).

Waskuk, three collections known (Holttum, 1991a, b), det. WT
on Takeuchi (Kuhn) Holttum 17176, 17741.

Gipa, 4°28.11' S, 142°43.51' E, det. WT on Takeuchi 4811,
6104, distinctive sp. with large leaves and long pendulous
inflorescence.
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ACRONYMS, ABBREVIATIONS, DEFINITIONS AND
NOMENCLATURE

Acronyms and abbreviations

CI RAP Conservation International Rapid Assessment Programme

CR Species classified as Critically Endangered by the 2011 IUCN Red List of threatened
species (http://www.redlist.org/)

DD Species classified as Data Deficient by the 2011 IUCN Red List of threatened species
(http://www.redlist.org/)

- Species classified as Endangered by the 2011 IUCN Red List of threatened species
(http://www.redlist.org/)

IUCN International Union for Conservation of Nature

KICDP Kikori Integrated Conservational and Development Project

LC Species classified as Least Concern by the 2011 IUCN Red List of threatened species
(http://www.redlist.org/)

LNG liquefied natural gas

NE Not evaluated for the 2011 IUCN Red List of threatened species

NT Species classified as Near-threatened by the 2011 IUCN Red List of threatened species
(http://www.redlist.org/)

P Species classified as ‘protected’ under the PNG Fauna (Protection and Control)Act 1966

ROW Right-of-Way

sp. Species

VU Species classified as Vulnerable by the 2011 IUCN Red List of threatened species
(http://www.redlist.org/)

Definitions

alluvial a landform or process related to the activity of streams or rivers.

arboreal living mainly above the ground, climbing in shrubs or trees.

colluvial a landform or process related to the action of gravity and local runoff on hill slopes.

congener a member of the same genus.

endemic restricted to a certain area, e.g. endemic to New Ireland.

Karst a landscape that owes its character to solution by rainwater or groundwater,

usually with a limestone substrate
Melanesia the large island of New Guinea plus its satellite islands to the west and east, as far

as New Caledonia.

a group of populations that are linked by regular two-way interchange of

metapopulation S o L
individuals by immigration/emigration.

New Guinea the large island of New Guinea (PNG + Indonesian West Papua).
nocturnal active between dusk and dawn.

non-volant not capable of flight.

PNG the Independent State of Papua New Guinea

PNG (mainland) the mainland portion of PNG.

the intrinsic capacity for a species to undergo population growth, determined by
reproductive potential such factors as gestation period, number of young produced, period between
pregnancies etc.

scansorial essentially terrestrial but often climbing in low vegetation.
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sympatric living close together in the same locality.

terrestrial living on the ground, non-climbing.
vicar an ecological equivalent

volant capable of flight.

WWF World Wide Fund for Nature.

Nomenclature

The scientific names used in this report are generally those contained within the 2011 IUCN Red List of
threatened species (http://www.redlist.org/; henceforth, the IUCN Red List). Where the usage departs
from this listing, it is because recent taxonomic revision has favoured an alternative arrangement. In such

cases, the more recent authority is cited.

There is no formal code that governs the use of English or ‘common’ names for species and hence, no
standardisation of usage among different sources. The IUCN Red List includes a preferred English name
but some of these are cumbersome and replace other names in general usage with no apparent reason,
while some species are not assigned an English name. The tree kangaroo Dendrolagus notatus does not
seem to have attracted a common name; we refer to it as the Western Montane Tree Kangaroo.
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EXECUTIVE SUMMARY

This chapter contains a characterisation of the mammal fauna of the Study Area, including both terrestrial/
arboreal and volant groups. The characterisation contains two core components: 1) a biogeographic
analysis of the regional mammal fauna, from which a list of potential ‘Candidate Mammal List’ is compiled
for the Study Area; and 2) results of a systematic field survey at eighteen sites within the Study Area
across an range of 30 — 1100 m elevation, supplemented with opportunistic observations at four other
localities and information obtained through interviews with residents of five villages within the Study Area.
The study represents the largest systematic survey undertaken to date of a lowland to Hill Zone mammal
fauna in PNG.

The Study Area supports largely intact forest habitats with only small areas of disturbance including areas
under traditional subsistence activities of local residents who live in small scattered villages.

The biogeographic analysis predicts that the Study Area could support up to 140 mammal species: 80
non volant mammals and 60 bats. The mammal faunas of the Study Area Lowland and Hill Zones are
expected to have strong commonality with large regions of the northern lowlands and foothills of the
Central Cordillera, spanning all three major drainage basins of northern New Guinea — the Mamberamo in
the west, the Sepik River itself, and the Ramu to the east. The mammal fauna of the Study Area Montane
Zone is expected to have close affinity with the montane mammal fauna of the Central Cordilleran ranges
as a consequence of broad continuity of montane habitats during the last glacial period, with connectivity
disrupted as frequently as 10,000 year ago with upslope expansion of Hill Zone habitats.

The biogeographic analysis further predicts that the Study Area is likely to support populations of 28
species listed as other than Least Concern in the 2011 IUCN Red List of threatened species (http://www.
redlist.org/), and six species listed as Protected under the PNG Fauna (Protection and Control)Act 1966.
This includes a Critically Endangered Long-beaked Echidna (Zaglossus sp.), the Black-spotted Cuscus
(Spilocuscus rufoniger) the Telefomin Cuscus (Phalanger matanim) and Bulmer's Fruit Bat (Aproteles
bulmerae); the Endangered Goodfellow’s Tree Kangaroo (Dendrolagus goodfellowi); and the Vulnerable
Western Montane Tree kangaroo (Dendrolagus notatus).

The survey activities produced a total of 81 species. There were confirmed records of 31 non-volant
mammals and a further nine non-volant mammals are listed as likely to occur in the Study Area based
on unambiguous and plausible accounts by local residents. 41 species of bats were recorded, twelve of
which were documented only from unidentified acoustic recordings.

Most of the mammals detected in the Study Area were predicted by the biogeographic analysis. Exceptions
include five previously unrecognised mammal species (two small rodents, one small marsupial and two
bats), all of which are likely to have broader geographic distributions along the northern foothills of the
Central Cordillera of New Guinea.

Mammal habitats in the Study Area are in very good condition, with only localised areas of human
disturbance and low levels of human disturbance away from the immediate vicinity of villages. The low
level of human disturbance of Lowland and Hill Zone habitats is reflected in high species diversity. Many
species of non-volant mammals appear to be in naturally very low population densities. By contrast, species
diversity and population densities were both exceptionally high for small fruit bats. This is interpreted
as a likely reciprocal relationship due to competition for food resources, especially fruit and blossom
produced in the forest canopy. The low natural abundance of non-volant mammals in these northern New
Guinean forests has broad implications for conservation and for the design of specific mitigation activities
in the Study Area. Very low capture rates for insectivorous bats reflects technical difficulties of capturing
these elusive animals, and was contraindicated by frequent observations of insectivorous bats in flight,
particularly over clearings and along tracks. Acoustic detection methods clearly demonstrate both high
local diversity and abundance of echolocating bats at all elevations in the Study Area.
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The Montane Zone in the Study Area is of high conservation significance due to the likely presence of
multiple species listed in a conservation category. Moreover, it has a high vulnerability on account of the
isolated nature of each patch of habitat.

Ten or 11 species of mammals were recorded that are listed as other than Least Concern by IUCN or are
protected under the PNG Fauna (Protection and Control) Act 1996 and a further 15 or 16 could occur. The
Critically Endangered Black-spotted Cuscus and the Endangered Goodfellow’s Tree Kangaroo species
are confirmed residents of the Study Area Lowland and Hill Zones, and Montane zones, respectively.
The Critically Endangered Long-beaked Echidna and the Telefomin Cuscus, and the Vulnerable Western
Montane Tree Kangaroo were among the species rated as occurring in the Study Area Montane Zone,
based on unambiguous and plausible informants’ accounts, supported by nearby capture records. The
Critically Endangered Bulmer’s Fruit Bat is listed as possibly occurring in the Study Area Montane Zone
based on proximity to a modern capture locality and general suitability of habitat.

Special mitigation measures are warranted for the Critically Endangered Black-spotted Cuscus, for which
the Study Area may constitute an important refuge area in PNG, and for the management of large colonies
of the Great Fruit Bat (Pteropus neohibernicus) which occupy several large camp (numbering around
100,000 individuals, probably on a seasonal basis) within the Study Area Lowland Zone.

One exotic mammal species, the Black Rat (Rattus rattus) was detected within the Study Area Lowland
Zone, possibly restricted thus far to a Project facility at Iniok Site. This invasive and potentially destructive
species needs to be eradicated as an urgent priority, and measures taken to inhibit any future invasion by
this and other exotic rodent pests.
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1 INTRODUCTION

1.1 Background to the Mammal Fauna

The island of New Guinea hosts an exceptionally diverse mammal fauna with very high levels of
endemism at both the genus and species level (Flannery 1995; Bonaccorso 1998; Helgen 2007a). This
endemism is most pronounced for monotremes, marsupials and rodents, and is somewhat less so for
bats. The majority of New Guinean mammal species are obligate forest dwellers and only a small subset
are capable of adapting to major changes in vegetation structure such as conversion of forest to grassland
or plantation habitats (Flannery 1995; Bonaccorso 1998). Several mammal species of Asian origin have
been introduced to New Guinea in prehistoric to recent time, including various rats and domesticated pig
and dog, both of which have become feral.

Table 1. Conservation classifications used by the PNG Fauna (Protection and Control)Act 1966
and IUCN

PNG FAUNA (PROTECTION AND CONTROL) ACT

Protected (P) Taxa declared protected.

IUCN

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

itically E R
Critically Endangered (CR) of extinction in the wild in the immediate future.

A taxon is Endangered when it is not Critically Endangered but is facing a

End d (EN
ndangered (EN) very high risk of extinction in the wild in the near future.

A taxon is Vulnerable when it is not Critically Endangered or Endangered

vul ble (VU . . S o - )
ulnerable (VU) but is facing a high risk of extinction in the wild in the medium term future.

A taxon is Near Threatened when it has been evaluated against the
criteria but does not qualify for Critically Endangered, Endangered or
Vulnerable now, but is close to qualifying for or is likely to qualify for a
threatened category in the near future.

Near Threatened (NT)

A taxon is 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. Listing of taxa in this category indicates that more
information is required and acknowledges the possibility that future
research will show that threatened classification is appropriate.

Data Deficient (DD)

Does not qualify for Critically Endangered, Endangered, Vulnerable or

Least Concern (LC) Near Threatened. Widespread and abundant taxa are included in this
category.
Not Evaluated (NE) Not yet been evaluated against the criteria.

Notes: IUCN descriptions are abridged. For a detailed explanation see IUCN. (2001). IUCN Red List Categories and Criteria: Version
3.1. IUCN Species Survival Commission. IUCN, Gland, Switzerland and Cambridge, UK. ii + 30 pp. (http://www.iucnredlist.org/

technical-documents/categories-and-criteria).

A significant number of New Guinean mammal species have suffered major declines in population size
and geographic ranges as a consequence of over-hunting and forest destruction, and a number of these
included in the 2011 IUCN Red List of threatened species (http://www.redlist.org/), and/or are recorded
under the PNG Fauna (Protection and Control)Act 1966. Table 1 presents the categories used by IUCN.

In contrast, relatively few New Guinean mammals appear to possess genuinely small natural ranges and
most of these are restricted to small patches of subalpine habitat (e.g. Giluwe Rat, Rattus giluwensis;
Alpine Woolly Rat, Mallomys gunung). Two notable exceptions are the Telefomin Cuscus (Phalanger
matanim) and Champion’s Tree Mouse, both of which are currently known from small areas in the vicinity
of Telefomin (Flannery 1995).
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Discovery of completely new species is still relatively commonplace in New Guinean mammal research,
especially when surveys are conducted in previously under-investigated areas (e.g. Helgen 2007b; Aplin
and Opiang 2011; Aplin and Kale 2011). Furthermore, many groups of New Guinean mammals remain
poorly studied and new sampling often invites revision of previous collections. As an example, recent
studies of New Guinean ‘shrew-mice’ (species of Mayermys, Microhydromys, Pseudohydromys) collected
since the last major revision of the 1950s resulted in an increase from six to 15 species within this group
(Helgen 2005a; Helgen 2007c; Helgen and Helgen 2009; Helgen et al. 2010). Taxonomic uncertainties
of this kind can confound a regional assessment. However, with relevant expert knowledge of existing
collections and regional biogeography, it is generally possible to foresee the impact of taxonomic changes
on species distributions and conservation status within any particular group.

1.2 General Features of the Study Area

The Study Area is located in the northern foothills of the Central Cordillera of Papua New Guinea (PNG)
within Sandaun and East Sepik Provinces and forms part of the watershed of the Sepik River (see Chapter
1 Figures 1 to 3).

Elevations within the Study Area range from approximately 30 m elevation on the bed of the Sepik River,
to around 1,500 m elevation on isolated peaks and ridges within the Study Area itself. To the south,
elevated ridges provide connectivity to extensive montane habitats of the Central Cordillera.

The Study Area has been divided for analytical purposes into three zones (Chapter 1).
Study Area Lowland Zone

This comprises alluvial landforms that result from past or present overbank flooding of the Sepik River and
its major tributaries, and includes active floodplains of the major channels that are subject to inundation
on a seasonal or multiannual basis; and various elevated landforms including river terraces and at least
one substantial peat deposit accumulated in an area lacking significant surface drainage. The upper limit
of active alluviation stands at around 35 m elevation on the Sepik River, 80 m elevation at the survey
locality of Frieda Bend Site on the Frieda River, and 110 m elevation in the upper reaches of major
tributary streams accessed from each of the Malia Site and Upper Ok Binai Site localities. For the present
purposes, survey sites situated below 100 m elevation are treated as Lowland Zone sites.

Study Area Hill Zone

This zone comprises primary erosional and colluvial (i.e. slope deposit) landforms comprising the northern
foothills of the Central Cordillera. Included are both continuous hills and ranges, and isolated hills
surrounded by areas of active alluviation, such as at the site of the Kaugumi Site. Much of the topography
is steep, with significant stretches of cliff-line habitat. Underlying geology is highly variable and spatially
complex. Of particular significance are the areas of locally karstic limestone and calcareous mudstone.
The karst habitat contains important roosting habitats for bats, including several major sinkholes and
many smaller clefts, caverns and tunnel caves.

Study Area Montane Zone

This consists of primary erosional and colluvial (i.e. slope deposit) landforms comprising the northern
foothills of the Central Cordillera above 1,000 m elevation and is a continuation of the Study Area Hill
Zone.

Vegetation of the Study Area is presented in Chapters 1 and 2.

For the purposes of this report, survey sites situated between 100 m and 1,000 m elevation in the Study
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Area are treated as Hill Zone sites, while the one sampling site situated above 1,000 m is treated as a
Montane Zone site. An additional distinction is made in various parts of the report between the Hill Zone
survey sites situated below and above 500 m elevation to explore whether or not the broad elevation
range of the Hill Zone (100 — 1,000 m) conceals significant variation in mammal diversity.

1.3 Previous work in the Study Area and Surrounding Regions

The Study Area has not been subject to any previous systematic mammal survey or any significant casual
visitation by mammalogists. To the best of our knowledge, a brief visit to the Frieda Base by Dr Patricia
Woolley (La Trobe University) between 28 February and 4 March 1983 represents the only previous work
by a professional mammalogist within the Study Area. Woolley was interested only in securing specimens
of the Three Striped Dasyure (Myoictis melas) and was unsuccessful in this venture.

The anthropologist George Morren worked out of the Miyan village of Hotmin (on the western side of the
Study Area) in the early 1970s, researching issues of human ecology in the Hill Forest habitat of PNG
(Morren 1977, 1979, 1986). His output included a useful list of local mammals with local Miyan names
(Morren 1989) and some information on traditional hunting techniques. Some of Morren’s records are
supported by voucher specimens now held by the PNG National Museum and Art Gallery.

Further afield, important sources of information include mammal survey work in the East Sepik Province
in the 1960s by CSIRO collectors (McKean 1972), in the western Sepik lowlands and the North Coastal
Ranges (Torricelli and Bewani mountains) in the mid 1980s to early 1990s by Flannery and others
(Flannery and Seri 1990), in the vicinity of Telefomin by various workers from the American Museum of
Natural History, Bernice P. Bishop Museum, the Australian Museum, and the PNG National Museum, in
the Schrader Range (Western Highland Province) in the 1960s and 70s by Bulmer and others (Majnep
and Bulmer 2007), and in the Mamberamo River basin of Indonesian West Papua in the last decade by
Pattiselanno (2003). Recent work at the Mekil Research Station at 1,650 m elevation near Mt Stolle has
produced some of the most detailed ecological studies conducted thus far on New Guinean mammals (e.g.
Stephens 2005; Stephens et al. 2006); however, a general account of the local mammal community has
not been forthcoming. Collectively, this body of previous work in the general region allows for development
of a robust biogeographic framework for northern New Guinea.
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2 OBJECTIVES AND PROJECT DESIGN

2.1 Objectives

The objectives of this assessment are to:

Conduct mammal surveys in the Study Area.
*  Characterise the mammalian fauna of the Study Area.
» ldentify significant mammalian communities and habitats.

» Identify IUCN listed species and species listed as protected under the PNG Fauna (Protection
and Control)Act 1966.

Recommend suitable mitigations to reduce impacts on mammals.

2.2 Study Design

Comprehensive surveys of mammals in an area of the size and complexity of the Study Area would take
several years of field work and is an unrealistic goal. Accordingly, an approach was formulated that made
optimum use of prior knowledge of both the regional distribution of mammal species and communities,
and of the susceptibility of individual mammal species and mammal communities to impacts of various
kinds and severities. In this context, results of fieldwork activities can be seen as a ‘test’ of hypotheses
generated from all available prior data.

The approach developed here begins with a biogeographic analysis of the northern foothills and lowlands
of New Guinea, using knowledge of the complex geological and environmental history of the area to
interpret the current pattern of distribution of mammal species and genera. This analysis generates a
Candidate Mammals List for the Study Area, with separate predictions made for each of the Lowland
Zone, the Hill Zone and the Montane Zone. For each zone, individual species are rated as likely to
occur, possibly occurring or unlikely to occur, based on a range of ancillary information including details
of elevational range, the area of available habitat, and likely patterns of co-occurrence within a single
community.

The second step involves estimation of the likely susceptibility of individual mammal species and mammal
communities to potential impacts within the Study Area, based on knowledge of what has occurred in
other regions of New Guinea and elsewhere if relevant. An essential precursor to this step is identification
of the potential direct and indirect impacts of the various Project activities.

The third step in the analysis involves a comparison between the Candidate Mammal List and the results
of the field survey activities — with mammal species scored as either confirmed or likely to occur (e.g.
based on an informant’s account) within the Study Area. Through a process of reciprocal comparison, the
Candidate Mammal List and the survey results can be used to assess the validity of the biogeographic
hypothesis (i.e. Did the survey find any species that were not anticipated by the biogeographic analysis?)
and to assess the degree of comprehensiveness of the field survey (i.e. How many predicted species
were actually recorded?).

Aside from this general framework, special attention was directed at determining the status of regionally

anticipated species with a 2011 IUCN Red List rating above Least Concern (Table 1 for definition of IUCN
Red List categories) or a listing as Protected in the PNG Fauna (Protection and Control)Act 1966.
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Table 2. Summary of the mammal survey effort expended at each of the survey sites in the
Study Area.
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LOWLAND ZONE SITES
Iniok Site 45 28-50 5 584 0 9 224.25 12 21 3,384 6 4 0 0
East Sepik Site 45 35-55 5 512 15 33 685.5 13 39 4,430 7 6 0 0
Kubkain Site 50 30-135 5 190 0 21 511.25 12 6 144 0 9 0 0
Wogamush Site 55 45-120 5 57 0 24 606 12 6 144 0 10 0 0
Wario Site 65 40-335 4 124 0 17 4175 12 24 384 0 9 0 0
Frieda Bend Site 80 77-103 5 537 15 14 540.25 125 40 5,247 10 9 0 0
Hotmin Village Site 83 83-100 0 0 0 0 0 0 0 0 0 0 3 2
Kaugumi Site 90 60-90 5 395 3 42 987 16 36 5,807 4 6 0 0
HILL ZONE SITES
Ok Binai 1 Site 125 | 115330 | 5 168 0 21 491 12 6 144 0 6 0 0
Ok Isai Site 135 | 100-145 | 6 560 14 38 891.75 14 52 6,331 12 12 0 0
Malia Site 290 | 281326 | 8 983 14 110 2707 16.5 80 11,566 6 13 0 0
Nena D1 Site 400 | 376-450 | 3 289 8 8 182 12 19 2,500 3 8 0 0
Frieda Base 400 | 400-480 | 5 u 0 0 0 0 8 576 0 0 0 0
Upper Ok Binai Site | 425 | 342-483 | 5 707 66 26 583.25 14 38 5187 9 10 0 0
Nena-Usage Site 440 | 380-413 | 1 20 0 3 55 4 2 237 1 3 0 0
Koki Site 560 | 530-615| 5 739 17 23 526 135 43 6,470 3 10 0 0
HI Site 825 | 817-1,301| 5 808 15 19 429.25 13 30 4,180 6 6 2 5
Nena Base Site 835 | 637-1,061| 9 500 10 76 1,622.5 20 89 | 10,798.75| 12 16 0 0
Nena Limestone Site| 950 | 942-1,024| 3 190 0 7 156.5 7 8 326 4 6 3 13
MONTANE ZONE SITES
Nena Top Site 1,065 | 950-1,100| 2 130 0 0 0 9 12 1,338 0 0 0 0
All Sites 28-1,100 | 91 | 7,493 | 177 | 491 11,616 2245 | 559 | 69,193.75| 83 | 143 8 20

Effort expended on village interviews is not included in this tabulation.
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3 METHODS

3.1 Fieldwork Schedule and Locations

Fieldwork was conducted during four periods (Chapter 1). Most survey effort was expended at 18
systematic survey sites distributed across the Study Area (Chapter 1 Table 4), with each site surveyed for
periods ranging between one and six nights. All but two sites received a minimum of three nights of effort.
Information on mammal distributions was further gathered through opportunistic sampling at three other
localities and through interviews with local residents of five villages in the Study Area.

Details of the effort expended at all mammal survey sites are given in Table 2 and the position of each site
is shown in Chapter 1 Figures 4 and 5. In combination, the survey sites provided information on habitats
situated between 30 m and approximately 1,300 m elevation; however, difficulty of access meant that
no systematic sampling took place above 1,065 m elevation Information on the mammal fauna of higher
elevation forests within and adjacent to the Study Area was obtained primarily from interviews conducted
at the Miyan villages of Wameimin 1 and Wameimin 2.

The location of each systematic sampling site was decided after previous reconnaissance fieldwork, with
the aim of providing access to all the major geomorphic and biotic zones within the Study Area, together
with some of the more important proposed infrastructure elements. The area around each survey site was
reconnoitred upon arrival and a sampling regime designed to accommodate observed diversity of habitat
and microhabitat. The fieldwork on the first three trips was carried out by Ken Aplin, with assistance from
Dr Michael Sale of Coffey Environments and various local Project staff. Mammal survey on the fourth trip
was carried out by other team members (Stephen Richards and Chris Muller) together with the previously
trained Project field staff. On all trips, other survey team members contributed reliable sight records for
some species.

3.2 Survey Methods and Distribution of Effort
A variety of field methods were used with the general goal of detecting the greatest number of species:
e Trapping for non-volant mammals using various types of live and Kkill traps, mostly suited to
capture of small non-volant mammals with body weight less than 1 kg; some larger cage traps
were also deployed;

e Camera trapping for non-volant mammals (use combined with bird survey);

» Daytime patrols looking for signs and traces of mammal activity and for diurnal non-volant
mammals;

*  Night patrols with spotlights for nocturnal non-volant mammals;

* Interviews with experienced local hunters, both at villages and casually among field assistants
employed by the Project but sourced from local villages;

e Examination of mammal remains kept in villages as hunting ‘trophies’ and of captive live animals
held as pets;

e Searches for caves that might contain colonies of bats and/or predator prey remains;

e Setting of mist nets for bats;
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e Setting of harp traps for bats (the same nets were commonly used for bird survey during the
days); and

»  Setting of AnaBat electronic bat echolocation call detectors.
Variation in effort between localities reflects judgement regarding the best use of available time at each
site, given the overall study objectives and prior work within the Study Area. The following factors were
taken into account:

e The degree of overlap with habitats surveyed at other sites;

*  The capture returns within a given habitat or using a particular method (e.g. high returns from
mist-netting on the first night might encourage the setting of additional nets);

»  Distance required for travel to particular habitats; and
»  Safety issues related to servicing of nets or trap lines, or daytime exploration and night patrolling.

The distribution of survey effort through the entire survey period is illustrated in Figure 1. The highest
constancy of effort was maintained for night transects and AnaBat passive recording sessions. Ground
and cage trapping and mist netting effort all increased during the period of the second and third survey
periods (reflecting the increasing skilfulness of XFRL field assistants), and all decreased during the final
survey period when the onus of mammal survey fell on other team members. Despite these fluctuations,
the effort remained relatively even throughout the entire survey period for all methods.

3.2.1 Notes on Individual Survey Methods

3.2.1.1 Trapping for Non-volant Mammals

Four types of traps were used for non-volant mammals:

Elliott live-capture traps (Figure 2a);

»  Kill traps designed for domestic rat control (Snap-E Trap — rat; see Figure 2b);

Kill traps designed for domestic mouse control (Snap-E Trap — mouse);

e Large cage traps (Figure 2c).

Traps were mostly set by Ken Aplin on Trip 1, by Ken Aplin and one or two local assistants on Trips 2 and
3, and by the same local assistants on Trip 4. A variety of baits were employed including pineapple, taro,
sweet potato, rice mixed with tinned fish, rat meat, and peanut butter (usually smeared on taro or sweet
potato). Traps were set in positions that were thought to be a focus of small mammal activity rather than
on a regular grid or spacing. This involved searching for recent signs of small mammal activity, including
active burrows or runways, feeding stations and faecal piles, as well as potential food resources such as
fallen fruit. However, signs of recent activity were generally scarce and time constraints meant that many
traps were placed in locations that lacked evidence of recent mammal activity. To avoid snap traps being
triggered by rain, these often were placed in sheltered positions such as beneath logs.

Traps were set both on the ground and up to 2 m above ground on low tree branches, fallen trees etc. No
attempt was made to place traps higher. To do so posed an unacceptable safety risk.
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Total ground trapping effort across all trips and all localities amounted to 7,670 trap nights over 85 nights,
including 127 cage trap nights (Table 2). More traps were set each night on the second and third trips than
on the first, due to the longer time spent at camps and the higher level of local staff assistance.

3.2.1.2 Camera Trapping

Up to 12 digital camera-traps (Wildtrack Photography) were deployed each night. These were set either
by ornithologist lain Woxvold or by Ken Aplin. The majority was set on the ground along animal trails or
beside forest floor pools or recent feeding debris, with a smaller number placed on fallen trees that crossed
steep-sided gullies or streams. Once placed, most camera traps were left undisturbed for the duration of
a campsite. Two camera traps placed at Malia Site during a reconnaissance trip in 2009 were recovered
in December 2009 after an uncertain period of operation. For all other camera traps, the duration of the
monitoring period was recorded, allowing imaging rates to be calculated with some precision. Details of
camera trap deployment are presented in Appendix 3.1.

The total camera trapping effort (excluding the reconnaissance trip cameras set at Malia Site) amounted
to 11,616 hours over 491 camera nights and at a total of 112 positions (Table 2).

Many of the mammals that might occur in the Study Area have one or more close relatives that cannot be
distinguished reliably from a camera trap image. In these cases, identification is often possible to genus
level only. In a few cases, identification to species level was achieved either because distinguishing
features are visible in the image or because other species of the group can be discounted on distributional
grounds.

3.2.1.3 Mist Nets, Harp Traps and Scoop Nets for Bats

Mist nets were used to survey both bats and birds (Figure 3), and their placement varied in accordance
with this dual function. Details of mist net deployment are presented in Appendix 3.2.

For bats, mist nets are usually set to intersect flyways along streams, adjacent to rocky outcrop, along
tracks, and at the edges of clearings. For birds, they are often set in dense undergrowth and at ground
level. Nets set in all positions proved effective at catching bats, especially the smaller non-echolocating
fruit bats which entered nets in large numbers, even those set in dense understorey. For practical reasons,
nets were generally set a maximum basal height of 2m. No nets were placed in the canopy, although at
Iniok Site two mist nets were set at greater height (basal heights of 3 m) on long bamboo poles, one set
with a double tiered net to expand the surface area. One of these nets was placed alongside a camp
facility spotlight that was seen to be attracting large numbers of insects and occasional insectivorous bats.

Two kinds of mist nets were employed; polyester nets used also for capturing birds and monofilament
nets that are designed specifically for bats. The latter did not appear to be any more effective at catching
echolocating insectivorous bats which seemed able to evade capture in nets.

Nets were generally checked several times in the evening through to early morning and then left open for
the remainder of the night then visited within one or two hours of day break. Most captures were made in
the first few hours after dusk. During Trip 4, nets were closed two hours after dusk. Mist nets were usually
left in position for the duration of each camp, with effort put into erecting additional nets rather than moving
nets.

At almost every site, one or two double-tiered harp traps were also employed (Figure 4). These were
generally set on their legs in a narrow flyway (base of trap thus about 1 — 1.5 m above ground), with
surrounding space filled by overhanging or specially cut and positioned vegetation. Harp traps were
usually left in position for at least two nights. If unsuccessful over this period, they were moved to a new
position. At Kaugumi Site, a harp trap was hauled by rope into the canopy in an effort to catch higher flying
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species. Harp traps were not employed at Kubkain Site, Wario Site, Wogamush Site and Ok Binai 1 Site.
Details of harp trap deployment are presented in Appendix 3.3.

Scoop nets were used to attempt capture of bats flying at night through camp or along tracks. Although
several bats were captured this way, the success rate was generally low with most species capable of
avoiding a swung net.

The mist netting and harp trapping effort is summarised for each sampling locality and for the entire survey
in Table 2. The combined total for all sites is 559 mist net nights (a total of 69,193 night time mist net
metre-hours) and 83 harp trap nights.

3.2.1.4 Acoustic Recordings

Acoustic recordings were made with electronic bat detectors (AnaBat SD1and SD2; Titley Scientific).
AnaBat SD1 and SD2 detectors were chosen over other equipment for several reasons, including their
ease of use and deployment, the efficiency of data storage for long periods of survey and the efficiency
of data analysis for recordings made in habitats with high levels of background noise. Full spectrum bat
detectors capable of making unattended recordings and with appropriate hardware for sampling calls
with a characteristic frequency over ¢.100 kHz became commercially available during the course of the
field programme. While some testing of new models was undertaken on the two later trips, we here
report only the AnaBat results to ensure standardisation across all systematic survey sites. Moreover,
there is currently no published comparison of AnaBat and other newer full spectrum bat detectors which
highlights the advantages of each, and we note that the response of the microphone and the sensitivity
levels of each varies, making session replication and style of deployment equal in their importance to a
consideration of the capabilities of the hardware.

Three AnaBat units were available for use during Trips 1-3, though on most nights only two were set,
the third being held as a backup unit. On Trip 4, a fourth unit was available for use and up to three were
set on any given night. They were waterproofed in plastic boxes, and microphones on an extension lead
were placed in a funnel made from a plastic drink bottle, to reduce the chance of water exposure. Both
regular (ST1 ‘low energy’) and Hi-Mic (‘green’) microphones were used. Details of AnaBat deployment are
presented in Appendix 3.4.

The detectors were employed as passive stationary data recorders, being set in position at dusk and
collected after dawn (Figure 5). The recorded bat calls are referred to here as ‘anonymously recorded’
because there is no a priori knowledge of the number and identity of contributing bats.

Bat detectors were placed in a variety of habitats including adjacent to streams, along tracks, on slopes
facing into the forest canopy, and facing into both small and large clearings. The same position was

sometimes sampled on several nights to account for different conditions (e.g. heavy or light rain).

For each AnaBat recording station a GPS position was recorded and notes made regarding the habitat in
front of the unit. This was subsequently coded to produce nine habitat types, as follows:

» FC —forest canopy, usually sampled by facing the microphone downhill over a steep slope;

*  FS —rapidly flowing streams within forest cover;

»  FT — well-defined tracks passing below forest cover ;

e FU — understorey below forest cover;

o CL - large artificial clearings such as a helipad or major camp area;
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*  CR —open airspace above major river courses;

. CS — small clearings below forest cover;

* SS - slow flowing streams below forest cover; and

e SW —densely cluttered swamp habitat.

Echolocation signals were divided by a factor of 8, and stored automatically on a Compact Flash card,
with each sequence of calls receiving a time and date stamp. Site details were associated with the serial
number of the unit and recording date. The signals were downloaded using CFC Read 4.2a or 4.3r.

The recording effort is summarised for each sampling locality and for the entire survey in ~ Table 2. The
total recording effort on this survey was 143 AnaBat recording ‘sessions’ (one session is a full night's
recording for one unit), which equates to an average of just under two sessions per night.

Whenever possible, reference echolocation calls were recorded from individuals captured during the
survey. Recordings were made with AnaBat SD1 units, and also a Pettersson D240x time expansion
recorder (Pettersson Electronics and Acoustics AB) connected to an Roland Edirol R-09HR digital
recorder (sampling rate of 96 kHz, 16 bit resolution). For nasal-emitting bats that produce calls dominated
by a constant frequency (CF) component, individuals were recorded while stationary and hanging freely
in a voluminous mesh bag. When at rest and scanning their surroundings, CF-emitting bats produce calls
where the dominant frequency is stable and almost matched to their acoustic fovea, and is therefore free
from errors associated with Doppler shift that result from movement of the bat relative to the microphone,
as well as the shifts in frequency that the bat makes in compensatory response to the Doppler shifted
echoes it receives whilst in flight. This is a standard method for the research of echolocation in CF-emitting
bats (e.g. review in Armstrong and Coles 2007). The microphone was held around 15 cm from the bat
during recordings and only stable, high quality outputs were measured during the subsequent analysis.
For mouth-emitting bats that produce flat or broadband frequency modulated (FM) search phase signals,
these were recorded while they flew within a large hut, or as they flew in the open while attached to a
long horizontal line (‘zip-lining’; Parsons and Szewczak 2009). Neither method is ideal for recording high
quality search phase pulses because FM bats typically switch to extremely short duration broadband
‘clutter calls’ under such conditions. Nevertheless, some idea of the characteristic frequency was obtained
from the clutter calls. Unfortunately, too few echolocating bats were captured and their taxonomic
identity too uncertain to use the alternative method of making recordings of free-flying bats after release.
Measurements of reference calls were made in Cool Edit software. All bats for which reference calls were
obtained were vouchered to allow precise taxonomic determination.

3.2.1.5 Day and Night Transects

At least four hours per day was spent walking within the forest habitats, either in the process of setting up,
checking or retrieving traps and nets, or searching for caves and signs of mammal activity.

On most evenings three or more hours was spent walking slowly in the forest from usually after dusk (7—
7.30 pm) to between 10 pm and 1 am. The night transect activities involved at least two, sometimes four or
five people. Because the participants stayed relatively close together for safety reasons, the observations
of each person cannot be counted as separate effort. However, there is no doubt that multiple sets of eyes
(including those of local Miyan or Telefol men) increased the contact rates for mammals. This activity was
carried out under clear conditions and in light rain; however, heavy rain obscures both vision and aural
contact, and effort was usually suspended or abandoned under persistent heavy rain. Several mammals
were either captured by hand or shot with a bow after being located during the course of night patrols.

Mammals were sometimes also observed (and occasionally photographed) by other team members,
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particularly herpetologist Stephen Richards who, with one or two local assistants, usually spent several
hours each evening searching for amphibians. All of these sightings are included in the compilation, even
if it was possible to identify the mammal only very generally.

The night time patrolling effort by the mammal survey group is summarised for each sampling locality and
for the entire survey in Table 2; the time spent in night patrol by other team members is not counted in this
tally because it was generally focussed on other tasks.

3.2.1.6 Cave Searches

Caves often contain roosting bats which can be captured in hand nets or by setting mist nets across
entrances. Information that can be obtained from cave surveys includes:

» records of species that otherwise evade capture in nets and harp traps;

* valuable reference echolocation calls;

* anindication of species abundance within an area;

» information on breeding activity at the time of the visit;

* an indication of species vulnerability to cave disturbance; and

» discovery of important roosting sites that might be given special consideration during impact
mitigation.

In addition, caves are sometimes used by predators such as owls, and these may produce accumulations
of prey remains including the bones and teeth of mammals. Large accumulations of mammal bones are
sometimes found in caves, and these provide an almost unparalleled source of information on the local
small mammal community, including indications of relative abundance.

During the present survey, survey sites were typically positioned away from settlements, hence it was not
possible to use local knowledge to locate caves. At several sites, Ken Aplin and field assistants searched
obvious cliff-lines for caverns. The location of all caves located during the survey is given in Appendix 3.5.

3.2.1.7 Interviews and Inspection of Hunting Trophies

Formal interviews were conducted by Ken Aplin at two villages: Wameimin 2 on 3 December 2009 and
Wameimin 1 on 21 February 2010 (accompanied by Community Affairs staff on both occasions). Although
both visits were prearranged, the Sunday visit drew a much larger crowd of people than the mid-week
daytime visit, at which time most people were absent from the village. At both villages, people were asked
to exhibit collections of hunting trophies kept inside their houses. A visit to Hotmin Village on 26 February
2010 found almost the entire adult population absent at a community meeting; fortunately children knew of
some nearby caves which were visited. On Trip 4, Stephen Richards conducted interviews with residents
of Nekiei, Kubkain and Paru Villages, and was able to photograph hunter trophies from Nekiei and Paru
Villages. These interviews were carried out in accordance with notes provided by Ken Aplin on cuscuses,
wallabies and flying foxes.

The interviews used open-ended questions that encourage a respondent to make a statement (e.g. Tell
me about the larger animals you find when hunting) rather than questions that only require confirmation or
denial (e.g. Do you have tree kangaroos here?). Any statement was then challenged to determine whether
it was a first-hand account as distinct from a general cultural awareness of the species (e.g. Have you ever
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caught a tree kangaroo?). Interviews were conducted with small groups of people (usually only men) and
where possible, a request was made for people with particular interest and experience in hunting. Mamu
et al. (2006) and Mamu (2008) discussed the potential pitfalls of using informant testimony as a source
of survey data.

Photographic images are often used as a starting point for discussion but this can lead to many false
records if not substantiated by tangential questioning to verify an informant’'s degree of familiarity with
the species. During the interviews conducted at Wameimin 1 and 2, Flannery’s (1995) Mammals of New
Guinea was used only to clarify aspects of patterning and body form, with the question phrased as a
choice (e.qg. is the body pattern like A — spotted or B — striped; is the nose like A — pointed or B — snub).
After the formal interviews were closed, people were asked to browse through the photographs in the
book. This resulted in claims of local occurrence of various other species, some of which were extremely
unlikely to occur in the Study Area on biogeographic grounds.

A large collection of hunting trophies was presented for identification by residents of Wameimin 2 (Figure
6) and a smaller number by residents of Wameimin 1, Nekiei and Paru. These were photographed and
measured. The provenance of important specimens was discussed in detail to make sure that these were
locally obtained and to identify the local habitat. Miyan names were employed in these discussions, as
available through a published list (Morren 1989). An important observation was that the owner of a trophy
specimen was usually able to correctly identify the species, according to Miyan classification. In contrast,
they often gave incorrect names for other people’s trophies, thereby demonstrating that the provenance
information related to individual animals.

Additional discussions were held during Trip 1 with the Nena Base caretaker, an elderly Miyan man
called Yamni who assisted with small mammal trapping and also possessed a small collection of hunting
trophies derived from his own hunting and snaring, and from hunting by other people moving between
Wameimin 2 and garden areas below Nena Base. Casual discussions also occurred throughout Trip 2
with various Miyan and Telefol field assistants provided by the Project. These discussions gave valuable
insights into local hunting practices and the local abundance and ecology of several mammal species.

3.2.1.8 Helicopter Flyover

A helicopter transect of the Study Area Lowland Zone habitats, flown by ornithologist lain Woxvold on 01
November 2010, resulted in observation of a large roosting congregation of flying foxes. The spatial extent
of the colony was recorded through GPS points, an estimate made of the number of individuals present,
and photographs taken of both roosting and flying bats.

3.2.2 Vouchering and Identification Methods

Most New Guinean mammals can be identified with confidence to generic level in the field. However, for
only a small number of groups is it possible to make reliable species identifications based on external
characteristics. More commonly, a reliable determination can only be made through examination of
characteristics of the skull and teeth, and this can rarely be carried out on a live animal. Even then, there
is a high likelihood of encountering entirely new species in any biologically unexplored context.

Voucher specimens were taken where necessary to obtain accurate taxonomic determinations. This did
not include any species listed in a Threatened category, or listed as Near Threatened, by the IUCN. All
vouchered individuals had DNA samples taken to maximise theirimmediate and future value for taxonomic
research. Following approved export of the collections, identifications were refined through consultation
of relevant literature and through direct comparison with relevant specimens in the Australian National
Wildlife Collection, Canberra, and the Australian Museum, Sydney.

Detailed study of voucher specimens led to novel interpretations of species diversity in several genera,
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including blossom bats (Syconycteris spp.), tube-nosed bats (Nyctimene spp. and Paranyctimene spp.),
long-eared bats (Nyctophilus spp.), feather-tailed possums (Distoechurus spp.), tree mice (Pogonomys
spp.) and long-footed tree mice (Lorentizimys spp.). DNA sequencing was undertaken for one taxonomic
group (the feather-tailed possums) to confirm the suspected distinctiveness of specimens from the Study
Area.

3.2.3 Analysis of Acoustic Recordings

The first step in any analysis of acoustic recordings of bats is attributing anonymously recorded call types
to individual species. This is usually done with the help of a reference library of good quality calls recorded
from confidently identified bats. For New Guinean bats, published reference calls are available for only
eight species of bats captured at sites in the Kikori basin, on the southern side of the Central Cordillera
(Leary and Pennay in press). During the survey of the Study Area, reference calls were recorded for
12 different species (Appendix 3.6). Nine of these produced good quality reference calls, the remaining
three gave only poor quality calls. Reference calls of a few other widely distributed species are available
from compilations of calls from the northern and eastern Australia (Reinhold et al. 2001; Milne 2002;
Pennay et al. 2004), but the application of these geographically remote libraries to a New Guinean
context is questionable until such time as both the taxonomic unity of these species and the uniformity
of echolocation calls over such large areas have been formally tested. Nevertheless, these more remote
libraries are useful for narrowing down the possible identity of a call to genus or family level.

Given these limitations, it was decided to first develop a library of call types from the AnaBat recordings,
and only then to attempt taxonomic identification of each call type. Anonymously recorded signals from
the AnaBat detectors were examined in AnalookW 3.7w software, and discrete call types thought to
represent search phase pulses from a single species were documented for each recording session. The
call types were labelled according to a new scheme illustrated in Appendix 3.7; see Armstrong and Aplin
(2011) for a published usage of the scheme.

A total of 24 different call types were recorded - 22 from the stationary session recordings and two from
captured bats. For each call type measurements of pulse variables were made from a time-by-frequency
display of echolocation sequences following Zero Crossings Analysis (ZCA). Three call variables
were measured on good quality search phase pulses in representative call sequences: pulse duration
(milliseconds), maximum frequency (kHz) and characteristic frequency (the point at the end of the flattest
portion of a pulse before any terminal secondary frequency sweep; kHz). Summaries of pulse variables
(Appendix 3.8) and representative sequence traces (Appendix 3.9) are presented in support of the analysis
and identifications, as recommended by the Australasian Bat Society (ABS 2006).

Eleven of the call types are allocated to species through comparison with reference calls collected during
the survey or reported by Leary and Pennay (in press). As noted above, similarity to calls recorded
from Australian bats was taken as only indicative of taxonomic affinity, even where the same species
is supposedly present. We also avoided the practice of identifying call types on the basis of general
correlations between physical characteristics (e.g. forearm length, body weight) and echolocation call
frequency (e.g. based on Jones, 1996; Robinson 1996; Bogdanowicz et al. 1999; Zhang et al. 2000; Feng
etal. 2000, Richards 2005, 2008). Although this inferential method clearly has meritin some circumstances,
in the present context we prefer to follow a more cautious, evidentiary approach that minimises the chance
of calls being misidentified and action being taken on the basis of an incorrect determination. However,
some effort was made to assess the possible source of taxonomically unassigned calls, based on general
call attributes that tend to characterise bats of different genera and families. The evidentiary basis for all
taxonomic allocations is documented in Appendix 3.10.

It is important to emphasise that our inability to taxonomically identity all call types does not automatically

imply that we detected previously unknown species. On the contrary, the majority of the unassigned calls
almost certainly belong to described species for which there are no verified echolocation reference calls.
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As further reference calls become available, many of the unallocated calls will be identified retrospectively.
Moreover, it should be noted that taxonomically unallocated call types are still useful for comparing trends
in bat richness, relative abundance and community composition across sites and habitats. By using the
call type as the unit of presentation and analysis, retrospective identifications can be applied through all
site and habitat summaries, and all analyses.

Several further caveats need to be made in regard to the AnaBat acoustic dataset. The first is that the 24
documented call types may not simply equate to 24 bat species, for three reasons: 1) two or more closely
related bat species may produce calls that are so similar that they cannot be distinguished reliably using
the available methods (e.g. McKenzie and Muir 2000; Milne 2002); 2) the males and females of a few
bat species are reported to produce calls with a slightly different mean characteristic frequency, albeit
of comparable type (e.g. Hipposideros semoni in Australia: Coles 1993, de Oliveira and Schulz 1997;
Rhinolophus cornutus in Japan: Yoshino et al. 2008); and 3) a single bat species may produce more than
one call type (e.g. clutter calls, search phase calls, approach phase calls). With sufficient experience of
related species, it is generally possible to control for the last of these factors, and to limit the analysis to the
typically more diagnostic search phase calls. However, the other factors can only be controlled through
development of an adequate reference library.

Finally, it should be noted that in all acoustic surveys (including AnaBat) the detectability of each species
is determined to some extent by characteristics of its echolocation calls. In particular, species that produce
ultra-high frequency (> 100 kHz) calls or those that produce calls with low amplitude (e.g. long-eared
bats Nyctophilus spp.) will have relatively short detection distances, which will lead to their being under-
represented or even missed altogether in an acoustic survey. Other factors that affect the detectability
of different call types include the quality of the recording as determined by atmospheric conditions, most
notably relative humidity and temperature that act together to attenuate ultrasound (e.g. Armstrong and
Kerry 2011). Bats that are foraging in the immediate vicinity of the recording station are more likely to
come within detection distance of the recording unit than those that might pass by only occasionally.

3.2.4 Inferences about Bat Community Structure

Two parameters are used to characterise bat community structure: call type richness and flight space
composition.

Call type richness refers to the number of recognisably distinct call types. As noted above, it is possible
that one call type might actually represent more than one species, and conversely that a single species
might produce more than one call type, either due to differences in calls emitted by males and females
of one species, or most likely, because of differences in the ecological function of emitted calls. Despite
these caveats, there will be a strong correlation between the number of call types recorded and the
number of species in the local community. Call type richness is thus a proxy for species diversity.

Flight space composition is the proportional representation of different functional categories of calls in
any site or habitat. The functional categories are defined by various parameters of each echolocation call
type which in turn, are thought to reflect flight space characteristics of the preferred foraging habitat of
each bat species. The critical characteristic of a flight space is the distance between a foraging bat and
its background environment, typically vegetation, which is termed ‘clutter’. Different call types vary in their
effectiveness in discriminating prey items from ‘clutter echoes’. Three flight space types are distinguished
here based on descriptions in Denzinger et al. (2004):

Open. Uncluttered space, where clutter echoes are undetectable or clearly distinct from prey
echoes. Such habitats include areas without tall forest, and spaces well above forest canopy. Bats
that use open uncluttered spaces typically produce intense calls that have a narrowband, ‘flat’ FM
structure, with relatively long duration, low duty cycle and large pulse intervals. Of the call types
defined in this report, this would include the sh.cFM types at frequencies typically below 30 kHz.
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Edge and gap. Background cluttered space, where prey echoes follow closely but do not overlap
with clutter echoes. Such habitats include spaces adjacent to forest edges, large gaps within forest,
spaces between different vegetation layers (e.g. canopy, subcanopy or understorey), and open
space above water and forest canopy. Call types that are most effective in edge or gap habitats
have high signal intensity, medium duration and frequency, and low duty cycle, and tend to have
an initial steep broadband FM component followed by a longer duration narrowband shallow FM
component. Of the call types defined in this report, this would include mainly cFM and st.cFM
types, the call type i.fFM.d that has some resemblance to true constant frequency calls as emitted
by Old World rhinolophoid bats, the high amplitude, short duration broadband types st.bFM and
st.sFM characteristic of the genus Myatis, and relatively low (below 70 kHz) sCF types.

Clutter. Highly cluttered space, where prey echoes are confused with those from background
clutter. Such habitats include spaces against vegetation, within small gaps in vegetation, and
low over the ground. Calls produced in narrow spaces would include long or short (high or low
duty cycle) CF-dominated calls, and short, broadband, uni or multi-harmonic FM calls with low
intensity and low duty cycle. Of the call types defined in this report, this would include true constant
frequency sCF, mCF and ICF types, plus st.sFM types characteristic of nyctophiline bats.

Absolute abundance of each call type at a site cannot be estimated from bat detector recordings because
it is not possible to distinguish between relatively few bats passing the detector but contributing many
calls, and a larger number of individuals passing the detector with each contributing relatively few calls.
However, a measure of relative abundance of each call type can be derived from replicated recording
sessions i.e. multiple bat detector sessions at a single site or in a given habitat. This value was calculated
as the proportional occurrence of each call type across replicate recording sessions. For example, if call
type 1 is detected on four of eight recording nights at one site, then its relative abundance score would
be 0.5 for that site.

A call type that is detected during a high proportion of recording sessions at a particular site is taken as
evidence of a locally abundant bat species. If the same call type is rarely recorded or absent at other sites,
the simplest explanation is that the species is less abundant at those sites. Unfortunately, this logic cannot
be extended to comparisons amongst call types because of their variable levels of detectability. Relative
abundance scores thus allow meaningful comparisons between sites or habitats for a single call type but
are more difficult to interpret between call types, even at a single site.

3.2.5 Assessment of Reliability of Records

Reliability of species records or inferences are expressed in different ways for each of the biogeographic
analysis and the presentation of the survey results.

For the Candidate Mammal List each species rates as likely to occur or possibly present, depending on
whether or not there are relevant local records and, in the case of the montane components of the fauna,
whether they are likely to persist in small areas of habitat, based on knowledge of their natural population
density or that of closely related forms. A species that is not assigned one of these values is regarded as
unlikely to occur (i.e. to find it would be a real surprise).

For the survey results, the occurrence of each taxon is rated as confirmed or likely in the Study Area and
in each of the three elevation zones, based on the following criteria:

confirmed — records are based on direct evidence, including captures, camera trap images, reliable
sightings, recent hunting trophies, or acoustic recordings.

likely — records are based either on reliable informant testimony, meaning two or more
independent confirmatory statements with sufficient detail to make an unambiguous
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identification, or on the grounds that the species is confirmed present in the Study
Area and is judged likely to extend into a particular elevation zone based on wider
distributional records.

Species that were included in the Candidate Mammal Species list but were not detected during the survey
are treated as possible inhabitants of the Study Area.

For the acoustic survey of bat echolocation calls, the confidence in species identifications at each recording
site or habitat is categorised according to one of the two following definitions:

H High. Unambiguous identification of the species or call type at the site based on measured call
characteristics and comparison with available reference material. Greater confidence in this identification
would come only after capture and supported by morphological measurements and/or genetic analysis.

NC Needs Confirmation. There are two grounds for this classification: 1. the recording quality was
generally poor, which limited the variables available for facilitating identification; or 2. the recording was
of reasonable quality but this call type resembles another, and the recording showed some ambiguous
or incompletely diagnostic echolocation characteristics.

3.3 Biogeographic Analysis

A biogeographic analysis is only as good as each of its two major data sources — knowledge of the
geological and climatic history of the region, and knowledge of the distribution and relationships of
the organisms under consideration. Various biogeographic schemes have been proposed for the New
Guinean biota (see review by Schodde 2006), most of which emphasise the historical merging of Asian
and Australian elements to produce a complex and highly diverse amalgam.

Flannery (1989, see also 1995) made the first attempt to interpret New Guinean mammal biogeography
in the context of the geological evolution of the region, based primarily on the series of palaeogeographic
maps presented by Dow (1977). Although Flannery’s model stimulated a significant body of biogeographic
research, more recent geological work in the area has overturned some of the key conclusions of Dow
(e.g. Abbott et al. 1994; Hall 2002; Cloos et al. 2005) and hence challenged some key foundations of
Flannery’s biogeographic model.

The biogeographic model employed here takes into account all pertinent sources of information, including:

» the most recent tectonic and lithostratigraphic interpretations (e.g. Abbott et al. 1994; Hall 2002;
Cloos et al. 2005; Quarles van Ufford and Cloos 2005);

» the latest findings from palaeoclimatological research in the region (e.g. Hope et al. 2004;
Haberle 2007);

» results of various distributional syntheses for multiple groups of organisms (e.g. Michaux 1994;
Flannery 1995; de Boer and Duffels 1996; Aplin 1998; Bonaccorso 1998; Polhemus and Polhemus
1998; McGuigan et al. 2000; Heads 2001, 2002a, b; Helgen 2007a);

» results of molecular phylogenetic and phylogeographic studies on various groups of New Guinean
vertebrates and invertebrates (McGuigan et al. 2000; Joseph et al. 2001; Rawlings and Donnellan
2003; Wuster et al. 2005; Zwiers et al. 2008; Malekian et al. 2010; Macqueen et al. 2011); and

» results of palaeoecological research on Quaternary mammal distributions in New Guinea and its
satellite islands (Aplin et al. 1999; Pasveer and Aplin 1998; Aplin and Pasveer 2005; O’Connor
et al. 2011);
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3.4 Susceptibility Analysis

For the purposes of the impact assessment, each member of the Study Area Candidate Species List is
given a subjective rating as to its susceptibility to forest removal and disturbance, and to hunting. The
factors that need to be considered differ somewhat for non-volant (i.e. terrestrial and arboreal) mammals
and volant mammals (i.e. bats).

3.4.1 Susceptibility Analysis for Non-volant Mammals

Disturbance in itself may have little impact on populations of non-volant mammals, unless a population
is preconditioned against human presence on account of former hunting activity. More commonly, non-
volant mammals experience population declines through habitat modification, direct predation by people
or invasive predators, competition with other invasive species, or the introduction of exotic diseases or
more often, through a combination of these factors. The capacity of a population to recover from a decline
also depends on various factors, including its intrinsic reproductive potential, the capacity of individuals
to disperse from a nearby source population, the presence of potential competitors (whether native or
exotic), and the status of the factor that caused the initial decline (ongoing or not).

Population decline in the face of habitat modification alone is most likely to reflect the loss of suitable
daytime retreat (den) sites (e.g. trees of sufficient age to contain hollows or support large epiphytes) and/
or the loss of preferred or essential food resources. Declines may be avoided if suitable care is taken to
preserve these key resources.

Population declines can occur through predation alone, with human hunting likely to have been the
primary cause of some regional extinctions among New Guinean mammals (George 1979; Flannery and
Seri 1990; Flannery 1995). However, hunting is generally targeted at larger mammals, with only casual
exploitation of smaller species.

No population declines of New Guinean mammals are attributed to the influence of invasive predators,
competitors or diseases. However, the long term ecological influence of the pig, dog and Pacific Rat (all
introduced to New Guinea in prehistoric times; Flannery 1995) is not well documented, and the level of
threat posed by newer invaders such as the Black Rat are entirely unknown.

In the absence of detailed studies of population dynamics for any of the non-volant mammals predicted to
occur in the Study Area, the critical lines of evidence for assessing susceptibility are:

e General accounts of habitat use and reproductive biology of individual species (e.g. Hide et al.
1984; Dwyer 1990; Flannery 1995; Majnep and Bulmer 2007);

e Status of the species in regional areas where large scale conversion of primary forest into other
vegetation communities (including secondary forest) has occurred (e.g. the Lower Ramu and

Markham Valleys);

e Status of the species in forested areas adjacent to major regional human population centres (e.g.
around Wewak, Telefomin); and

e Personal knowledge of the particular susceptibility of the species to hunting using either traditional
or modern methods.

Susceptibility was rated as Low, Medium or High for each of the threatening factors of forest disturbance
and hunting, according to criteria set out below:
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Susceptibility to Forest Disturbance

LOW species can persist in highly modified environments and/or early successional stages;
species often has flexible nesting habits (e.g. tree hollows or leaf nests) and broad
dietary range; species often with high reproductive potential hence able to rebuild
population rapidly (e.g. many small rodents and marsupials).

MEDIUM species can thrive in secondary as well as primary forests but is generally not present
in early successional stages

HIGH species is intolerant of disturbance and is generally found only in primary forest;
species often with high reliance on tree hollow for nesting and/or specialised dietary
requirements; species often with medium to low reproductive potential [e.g. long-
beaked echidnas (Zaglossus spp.) and tree kangaroos (Dendrolagus spp.)]

Susceptibility to Hunting

LOW species too small for targeted hunting and/or with high reproductive potential hence
able to rebuild population rapidly (e.g. many small rodents and marsupials)

MEDIUM species small but with low reproductive potential, hence unable to rebuild population
rapidly (e.g. some small marsupials); species targeted but with high reproductive
potential, hence able to rebuild population rapidly (e.g. some ‘giant’ rats and many
bandicoots); species is targeted but is difficult to locate or catch, hence protected by
evasion or natural rarity [e.g. larger carnivores such as New Guinean Quoll (Dasyurus
albopunctatus), many arboreal marsupials]

HIGH species is targeted for hunting, is easily located and captured, and has medium to
low reproductive potential [e.g. long-beaked echidnas (Zaglossus spp.), tree kangaroos
(Dendrolagus spp.)]

3.4.2 Susceptibility Analysis for Bats

For bats, the same general principles apply except that their mobility means that foraging and daytime
retreat (roost) areas may be spatially separated by distances up to tens of kilometres for the larger bats.
Moreover, for some species, complex social systems mean that large numbers of individuals congregate
to mate or give birth at different times of year. This is particularly relevant to the larger fruit bats (Dobsonia
and Aproteles) and flying foxes (Pteropus spp.) and to some groups of insectivorous bats (e.g. bent-
winged bats Miniopterus spp.; some leaf-nosed and horseshoe bats, Hipposideridae and Rhinolophidae;
species of Emballonura).

Bats are probably more resilient to general habitat modification than non-volant mammals because they
have the capacity to shift their foraging areas to avoid areas of local disturbance. However, disturbance on
a regional scale may cause significant declines of even the most mobile species (Richards 1990). Hunting
of bats in most areas is restricted to the larger flying foxes (Pteropus spp.) and these will usually respond
to excessive hunting by moving to alternative roost sites (Richards 1990; Eby et al. 1999). If this occurs
during a critical stage in the reproductive cycle (e.g. at a maternity roost) the impact will be more severe.
Bats that roost in caves are sometimes subjected to intensive hunting pressure, and even the smallest
species are hunted if they can be killed in large enough numbers. For species that roost in tree hollows or
in epiphytes, removal of larger trees is likely to be far more important than hunting.

Access to a suitable diurnal refuge or roost obviously represents a major factor in the ecology of many bat
species and thus represents a key issue in assessing their susceptibility (Clements et al. 2006). Roosts
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offer protection from exposure to daytime ambient conditions, promote energy conservation, provide
protection from predation and facilitate social interactions (Kunz and Lumsden 2003). Some bat species
appear to have more specific roosting requirements than others, to the extent that they may be met by
only a few particular caves within a given area. Other species might be found in virtually any cave deep
enough to offer shelter from daylight, or utilise a variety of roost types including tree hollows or foliage, and
artificial structures such as buildings and tunnels. A few species are known to use very specific roost sites
outside of caves, such as abandoned bird nests (Reardon et al. 2008; Woodside et al. 2008). The specific
roosting requirements of many New Guinean species are unknown (Flannery 1995; Bonaccorso 1998).

Some species of bats use different roosts at different times during their annual reproductive cycle. For
example, several species of flying foxes (Pteropus spp.) in Australia congregate in very large numbers at
two principal periods through the annual reproductive cycle (Hall and Richards 2000). The first involves
adults of both sexes and facilitates complex courtship and mating behaviours which can extend over
several months. The second involves mainly adult females that come together in ‘maternity camps’ to give
birth and rear the young. Even more dramatic breeding congregations occur among the bent-winged bats
(Miniopterus spp.) which show an unusual population biology that revolves around the use of traditional
maternity roosts at which entire regional female populations (up to several 100,000s) congregate annually
to give birth (Dwyer 1963, 1966, 1969; Hoye and Hall 2008). This can involve movements of several
hundreds of kilometres, and more or less guarantees that each regional population is genetically isolated
to from every other (Cardinal and Christidis 2000; Rodrigues et al. 2010). Outside of the breeding season,
the females and young disperse widely and roost in much smaller congregations together with males.

Miniopterus species hold a further potential significance that derives from their capacity to alter the
microclimate inside their maternity roost caves by virtue of the sheer numbers of roosting bats (Baudinette
et al. 1994). This can provide roosting opportunities for other species of bats that might otherwise be
unable to find a roost site with suitable microclimate. Other insectivorous bat species are often reported to
share the maternity caves of Miniopterus species (Smith and Hood 1981; Bonaccorso 1998) but the extent
to which they are truly reliant on these colonies is unknown.

Given all of these factors, the following susceptibility criteria were applied for bats:

Susceptibility of Bats to Forest Disturbance

LOW species can persist in highly modified environments and/or early successional stages;
species likely to be highly mobile.

MEDIUM species can thrive in secondary as well as primary forests but is generally not present
in early successional stages; species typically with lower mobility.

HIGH species is intolerant of disturbance and is generally found only in primary forest; species
typically with low mobility.

Susceptibility of Bats to Hunting

LOW small species not targeted for systematic hunting; tending to roost in trees or epiphytes,
hence are inaccessible to systematic hunting.

MEDIUM small species tending to roost in small caves along with other sheltered places (e.g.
inside logs), hence unlikely that hunting will result in heavy mortality; larger species that

are difficult to hunt due to their solitary roosting habits (e.g. Dobsonia minor).

HIGH large and small species with specific cave roost requirements and tending to congregate
in large numbers; likely to suffer heavy mortality and major disturbance if hunted.
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4 RESULTS - BIOGEOGRAPHIC ANALYSIS AND THE
CANDIDATE MAMMAL LIST

4.1 Regional Biogeography

The New Guinean mammal fauna exhibits a high degree of zoogeographic structuring that reflects both
the complex geological history of the island and the wide range of bioclimatic zones found across its wide
elevation range of over 5,000 m. This structuring is particularly pronounced along the northern side of the
Central Cordillera where two major geological provinces are joined — the New Guinean Fold Belt which
forms most of the Central Cordilleran ranges, and the Northern Mobile Belt made up of numerous formerly
discrete continental and oceanic landmasses, now welded to the main island but still recognisable as the
topographically isolated North Coastal Ranges (from west to east, the Van Rees, Foya, Bewani, Torricelli,
Prince Alexander, Adelbert, Saruwaged, and Finisterre ranges) (Pigram and Davies 1987; Hall 2002).
Terrestrial mammals generally show more pronounced structuring than do the more mobile bats, and
montane species more so than lowland forms. A few mammal species show much coarser patterning with
geographic ranges that span wide geographic and/or elevational ranges. This is especially true among the
bats but there are a few marsupials and rodents that also have exceptionally wide distributions. Typically,
these occupy specialised niches (e.g. the New Guinean Quoll, Dasyurus albopunctatus, being the largest
extant native carnivore in New Guinea) and the Ground Cuscus, Phalanger gymnotis, being the only
primarily terrestrial cuscus).

For many lowland mammals, i.e. those found on the alluvial plains of the major rivers, the Central Cordillera
separates northern lowland from southern lowland relatives, with distinctions found either at species or
subspecies level (Flannery 1995; Aplin 1998; Helgen 2007a). Northern lowland mammals generally have
geographic ranges that extend from the Vogelkop in the west to the Huon Peninsula in the east, including
the drainage basins of the Mamberamo, Sepik and Ramu rivers, and sometimes also running along the
northern side of the eastern ‘tail’ of New Guinea.

Mammals of the Cordilleran foothills generally show the same pattern as the lowland mammals. However,
there are a small number of northern mammal species that appear to be restricted to the foothills of
the North Coastal Ranges, most notably the Grizzled Tree Kangaroo (Dendrolagus inustus), Ziegler's
Water Rat (Hydromys ziegleri) and possibly Edwards Hill's Leaf-nosed Bat (Hipposideros edwardshilli). At
present, there are no mammals known to be confined to the northern Hill Forest (Hm) communities of the
Central Cordillera. All species found in this area either extend into the true lowland habitats or else occur
also in the foothills of the North Coastal Ranges.

Zoogeographic patterning is much stronger for mammals of the various montane forest communities of
New Guinea. For many genera, the North Coastal Ranges host species that are quite distinct from those
species found in the central ranges (Aplin 1998; Helgen 2005b, 2007a). Examples are the two endemic
tree kangaroos of the Torricelli Range [Scott’'s Tree Kangaroo (Dendrolagus scottae), related to the D.
dorianus group of the central ranges; and the Torricelli Tree Kangaroo (D. pulcherimus), related to the
D. goodfellowi group], the Northern Glider (Petaurus abidi) of the Torricelli Range (which has no close
relative on the central ranges), and the Northern Water Rat (Paraleptomys rufilatus) which has a congener
in the Central Cordillera, the Short-haired Water Rat (P. wilhelmina). For many other montane mammals,
the taxonomy remains crude and northern populations are not yet distinguished from those of the central
ranges. However, in groups where more detailed studies are underway (e.g. the feather-tailed possums,
genus Distoechurus; mosaic-tailed rats of the genus Paramelomys), the same pattern of North Coastal
Ranges, montane endemism is generally observed.

Another component of zoogeographic structuring within the montane mammal fauna concerns a general
east-west differentiation along the Central Cordillera, with many groups showing a changeover in
species around the point where the great southern drainage system of the Strickland River approaches
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the headwaters of the north-flowing Sepik River (Helgen 2007a). Many species reach the limits of their
distributions around this position (Flannery 1995), and the complex series of partially isolated ranges in
this area (e.g. the Victor Emmanuel, Hindenburg and Mueller Ranges) also host a significant number of
geographically restricted montane endemics including Champion’s Tree Mouse (Pogonomys championi)
and the Telefomin Cuscus (Phalanger matanim). The Study Area lies approximately 50 km north-northeast
of Telefomin, and might be expected to support populations of some of the same species.

One final biogeographic consideration of importance for this assessment concerns the recent geological
history of New Guinea, specifically the impact of Quaternary ‘ice ages’. Despite being in equatorial
position, the island of New Guinea was profoundly affected by the ice ages which occurred during periods
of globally lower temperatures, causing expansion of ice sheets on the poles and on mountains worldwide
and a coincident lowering of sea levels by 100 m or more. At the height of the last glacial phase, between
25,000 and 14,000 years ago, all of the higher mountains in New Guinea supported glaciers and tree
growth was limited to areas below 2,000 m elevation Vegetation zones generally were depressed by as
much as 1,000 m, and mammal species that are now found in lower montane forests were found at present
day sea level (Pasveer and Aplin 1998). Although deglaciation commenced globally around 14,000 years
ago, changes in plant and animal communities in New Guinea evidently lagged some thousands of years
behind (Hope and Tulip 1994; Pasveer and Aplin 1998), perhaps due to persistently cloudy conditions
through to around 8,000 years ago when sea level approached its current position.

The major implication is that until as recently as 10,000 years ago, much of the Study Area Hill Zone
would have been covered in quite different forest types that more closely resembled lower montane
forests in structure and composition, and further, would have displayed continuity with montane habitats
of the central ranges. As conditions warmed, the montane communities of plants and animals would
have retreated to progressively higher elevation, leaving small pockets of montane plants and animals
stranded on the higher peaks and ridges. Over time, these relictl montane ‘isolates’ might experience local
extinctions, with populations in smaller isolates generally being more vulnerable to stochastic events than
populations in larger isolates. Other changes might include genetic drift, resulting in genetic divergence
between the isolates and the main populations still found on the Central Cordilleran ranges, and the
possible fixation of normally deleterious mutations (e.g. chromosomal rearrangements) due to the small
population sizes (Lande 1985).

Based on these general biogeographic considerations, the mammal fauna of the Study Area is expected
to contain four zoogeographic components: 1) widespread northern lowland mammal species; 2) northern
foothill mammal species; 3) a subset of the montane mammal species of the Central Cordilleran ranges;
and 4) some geographically widespread mammal species with wide elevational ranges.

4.2 The Candidate Mammal List

The Candidate Mammal List for the Study Area includes 140 mammal species, including three monotremes,
36 marsupials, 40 rodents, 60 bats, and the feral pig. The highest number of species (114 species) is
predicted for the Hill Zone, with an even reduction at both lower (84 species) and higher elevations (87
species). If non-volant mammals are considered separately from bats, the Lowland Zone is predicted
to be low in diversity (37 species) compared with either the Hill Zone (60 species) or the Montane Zone
(70 species). The pattern for bats is the reverse with the Lowland and Hill Zones both with predicted
diversity (47 and 54 species, respectively) and much lower diversity predicted for the Montane Zone
(17 species). The very high predicted diversity of the Hill Zone is therefore due to the intersection of two
contrasting trends, resulting in relatively high predicted diversity for each of non-volant mammals and
bats. The pattern of sharing of these different faunal components is summarised in Table 3 and a full list
of candidate mammals in Table 4.

Each species listed in Table 4 is provided with an ‘endemism’ value in accordance with a scheme employed
for all taxa assessed during the survey. The result of this assessment, applied to the Candidate Mammal
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List, is shown in Table 5. As would be expected, the Lowland Zone mammal fauna contains the largest
proportion of widespread Indo-Pacific species (29%), with a progressive fall in the representation of this
group in the Hill Zone (21%) and the Montane Zone (9%). Contrariwise, the Lowland Zone mammal fauna
contains the lowest proportion of mainland New Guinean endemics (44%) with a progressive rise in the
Hill Zone (55%) and the Montane Zone (76%). Less predictably, northern mainland New Guinea endemics
are almost equally represented in the mammal fauna of all zones — Lowland (10%), Hill (9%), Montane
(8%) — a pattern that is owed to the presence of several species with very restricted distributions centred
on the Telefomin area. The significant proportion of northern mainland New Guinea endemics (9% overall)
is a particularly noteworthy feature of the candidate mammal list for the Study Area.

The Candidate Mammal List for the Study Area (Table 4) includes 28 species that appear on the IUCN

Red List of threatened species (http://www.redlist.org/) with ranking other than Least Concern, and six that
are listed as Protected under the PNG Fauna (Protection and Control)Act 1966.

Table 3. Potential occurrence of ‘candidate’ mammal species in the Study Area

OCCURRENCE BY ZONE Nﬁ;‘\h}/ﬁkﬁg-r BATS ALL MAMMALS

Found in all zones 28 9 37
Found in Lowland Zone only 0 5 5
Found in Lowland + Hill Zones only 9 33 42
Found in Hill Zones only 1 5 6
Found in Hill + Montane Zones only 22 7 29
Found in Montane Zone only 20 1 21
Total number in Lowland Zone 37 47 84
Total number in Hill Zone 60 54 114
Total number in Montane Zone 42 17 87
GRAND TOTAL for Study Area 80 60 140

Note: Entries are numbers of species.
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Table 5. Summary of patterns of endemicity among the ‘candidate’ mammal fauna of the Study
Area as predicted by the biogeographic analysis.

ENDEMICITY ALL ELEVATIONS | LOWLAND ZONE HILL ZONE MONTANE ZONE

1 27 19% 24 29% 24 | 21% 8 9%
2 15 11% 13 15% 14 13% 4 5%
3 2 1% 2 2% 2 2% 2 2%
4 84 60% 37 44% 62 | 55% 66 76%
5 6% 7 8% 7 6% 4 5%
6 4 3% 1 1% 3 3% 3 3%
5+6 12 9% 8 10% 10 9% 7 8%
No of Species 140 84 112 87

Endemicity codes:

1 - Occurs more widely in the Indo-Pacific

2 - Endemic to New Guinea, its satellite islands, the Bismarcks and Maluku

3 - Endemic to New Guinea and its satellite islands (Waigeo, Misol, Yapen, Biak, Aru, d’Entrecasteaux and Louisiades)
4 - Endemic to mainland New Guinea

5 - Endemic to northern mainland New Guinea, north of the Central Cordillera

6 - Endemic to small areas of northern mainland New Guinea
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5 SURVEY RESULTS

5.1 Overview

A total of 69 mammal species was documented during the survey, along with 12 taxonomically unallocated
bat call types that probably represent the same number of additional bat species (Table 6). The combined
tally is thus likely to be 81 species, of which 72 are rated as confirmed for the Study Area as a whole, and
9 rated as likely to occur in the Study Area. This tally counts Zaglossus sp. as one species only.

The Lowland Zone produced confirmed records of 49 species (including unallocated bat call types) and
likely records of 16 species. The Hill Zone produced confirmed records of 62 species (including unallocated
bat call types) and likely records of 11 species. The Montane Zone produced confirmed records of only
six species (no acoustic survey) and likely records of 50 species. The marked disparity in the ratio of
confirmed to likely records in the Montane Zone (6:50) compared with each of the Lowland Zone (49:16)
and Hill Zone (62:11) reflects the markedly different systematic survey effort in these parts of the Study
Area, with only one systematic survey site and no acoustic bat survey in the Montane Zone.

Five undescribed species were recorded - one marsupial, two rodents, and two bats. The two rodents
may represent entirely new discoveries and their status outside of the Study Area is unknown. The other
species are represented in prior collections from other localities in PNG but they have evaded taxonomic
attention for various reasons. All five are likely to occur more widely in the northern foothills and lowlands
of New Guinea.

With the exception of five newly recognised mammal species, the inventory produced by the survey is
a strict subset of the Candidate Mammal List produced from the biogeographic analysis. The survey
results thus represent a strong validation of the biogeographic analysis. Confidence is obviously highest
for the Study Area Lowland and Hill Zones, where more than half of the predicted mammal species were
detected, but information obtained for the Study Area Montane Zone from interviews with local hunters
also supports the essential validity of all elements of the biogeographic analysis. This is an important
conclusion because it not only allows risk analyses to proceed on the basis of a robust predictive model
of mammal communities within the Study Area but it also provides an historical biogeographic context for
assessing the significance of populations of individual mammal species within the Study Area.

5.2 Results of Individual Survey Methods

The success of each of the main survey methods is reviewed below, prior to integration and interpretation
of the results for each of the main taxonomic groups — non-volant mammals (monotremes, marsupials and
rodents); non-echolocating bats (Pteropodidae); and insectivorous bats. The review of separate methods
serves to clarify the contribution of different survey methods to the overall assessment, which in turn
informs on the overall effectiveness of the survey, and assist with the development of appropriate effective
monitoring protocols.

5.2.1 Ground and Understorey Trapping

The total trapping effort across all systematic survey sites amounted to 7,670 trap nights including 127
large cage trap nights (Table 2). This effort was fairly evenly distributed between the Lowland Zone
sites (2,432 trap nights) and two elevation blocks within the Hill Zone — below 500 m elevation (2,829
trap nights) and above 500 m elevation (2,409 trap nights). A much smaller effort was expended in the
Montane Zone (130 trap nights at Nena Top Site).

A total of 53 individuals representing 12 different species were captured in traps (Table 7). The majority of
captures were made in kill traps, with three captures in live-capture Elliott traps (one juvenile Echymipera
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kalubu, one Paramelomys platyops, and one M. rufescens,) and one in a cage trap (Murexia longicaudata).
Approximately ten times as many kill traps were set as Elliott traps; hence, the capture rate for Kill traps
was almost double that for the Elliott traps.

Trap success (% of traps that returned a capture) was extremely low at all sites, with an overall trap
success of 0.7% (i.e. less than one capture per 150 traps set; Table 7). The highest trap success (still
only 1.6%) was obtained at Nena Base Site where a few traps set close to buildings caught two native
Rattus species with reasonable frequency, thereby elevating the capture rate. Sites in the Lowland Zone
had the lowest capture rate (0.5% across all sites; one capture per 200 traps set), and there was a slight
but progressive increase to the Hill Zone (0.8%) and the Montane Zone (1.5%). Traps set by Miyan and
Telefol assistants failed to produce any more captures than those set by Ken Aplin. The total number of
captures is too low to allow meaningful assessment of relative efficacy of trap or bait types for capturing
different kinds of mammals.

As mentioned before, a few traps set close to buildings at Nena Base Site on each of 7 nights returned a
total of 7 rodents [all Spiny Rat (Rattus praetor) and Stein’s Rat (R. steini)]. Similarly, traps set by Project
staff in buildings at Frieda Base also produced regular captures of the Spiny Rat.

The total trapping effortin the Study Area (7,670 trap nights over 91 nights) represents the largest systematic
trapping effort ever employed in a regional mammal survey in PNG, at least since the completion of the
Archbold Expeditions of the 1930s to 1960s. By way of comparison, Leary and Seri (1997) reported
setting 2,262 traps over 40 nights during a survey of the Kikori Integrated Conservation and Development
Project. For surveys associated with the PNG LNG Project, Mamu et al. (2006) and Mamu (2008) reported
a combined effort of 1,526 trap nights over 61 nights for both survey periods. Helgen (2007a) reported
a total of 605 trap nights over the 14 day survey of the Kaijende highlands area near Porgera, Enga
Province. Dawson et al. (2009) reported a total trapping effort of 5,760 trap nights at 12 sites with three
4-day survey periods per site in the Waria Valley, Morobe Province. Aplin and Opiang (2011) set 1,440
traps over 20 nights on the Cl RAP Survey of the Nakanai Plateau of East New Britain Province, while
Aplin and Kale (2011) set 2,134 traps over 25 nights in the Cl RAP Survey of the Muller Range, Western
Province. Flannery and Seri (1990) did not specify the total trapping effort for their multiple field surveys in
the Sandaun region but it is clear that far greater reliance was placed on captures by local people rather
than trapping.

5.2.2 Camera Trapping

A total of 68 camera trap photographs contained images of mammals (Table 8). All but one of these
images could be identified at least to family level. Results obtained with individual cameras are presented
in Appendix 3.9. The image capture rate (images per 100 camera traps hours) calculated across all sites
is 0.59 (Table 8). Since the majority of mammal activity occurs at night, this is perhaps more meaningfully
expressed as images per camera night or images per camera position, in which case the survey wide tally
is one image per 7.22 camera nights and one image for every 1.85 camera positions.

Atleast 11 different mammal species were recorded by the camera trap units (Table 8). The most commonly
photographed mammals were feral pigs (Sus scrofa; see Figure 7) with 20 images, spiny bandicoots
(Echymipera spp.; see Figure 8) with 13 images; and Lowland Mammelomys (Mammelomys rattoides;
Figure 9), White-striped Dorcopsis (Dorcopsis hageni; Figure 10) and Giant White-tailed Rat Uromys
affin. caudimaculatus; Figure 11), each with seven images. Cuscuses were photographed walking on the
ground on five occasions. Three of these images are definitely of a Ground Cuscus (Phalanger gymnotis;
Figure 12), while the others could not be identified to species.

Raffray’s Bandicoot (Peroryctes raffrayana) was captured in camera trap images at Ok Isai Site and Hl
Site (Figure 13). This species was not otherwise recorded during the survey but it is known from higher
elevations in the general region (Morren 1989; Flannery and Seri 1990). Pigs were imaged by camera
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traps more than any other mammal in the Lowland Zone sites but generally not at Hill Zone sites (Figure
14). The one exception is the Koki Site where two cameras set in quite separate positions caught multiple
images over two nights of what could be the same pig, a mature female with non-swollen teats. Images
from the sites in the Lowland Zone include several of small groups of pigs, including females with young
as well as mature males.

Image capture rates for other mammals show no systematic relationship with site elevation (Figure 14).
However, if data are pooled for each of the elevation zones, there is a decrease from 0.51 images/100 CT
hrs in the Lowland Zone to 0.40 images/100 CT hrs in the Hill Zone below 500 m elevation, and to 0.29
images/100 CT hrs in the Hill Zone above 500 m elevation (Table 8).

The camera trapping effort in the Study Area (11,616 camera trap hours including 491 camera trap nights)
represents the largest effort of its kind in a PNG mammal survey. The total camera trapping effort during
surveys associated with the PNG LNG Project was reported as 57 nights for surveys in 2005 (Mamu et
al. 2006: Table 2) and 3,274 hours for surveys in 2007 (Mamu 2008: Table 2). The present survey thus
achieved more than three times that applied during the previous largest effort.

5.2.3 Mist Netting

Mist netting was highly productive at all elevations, with a total of 737 bats captured in the 546 mist net
nights that were applied across the 18 systematic survey sites (Table 9). A small number of bats were
also netted at the opportunistic sampling site of Frieda Base but these are not included in the quantitative
analysis.

The taxonomic composition of the mist net captures across the 18 systematic survey sites is shown in
Table 9. A total of 13 pteropodid species and seven insectivorous bats were captured.

The great majority of mist net captures were of non-echolocating pteropodid bats (blossom bats, tube-
nosed bats, fruit bats and flying foxes), with fewer captures of echolocating insectivorous bats. This
contrast undoubtedly reflects the capacity of most insectivorous bats to avoid even the finer monofilament
nets that were used during the survey. Insectivorous bats also tend to be adept at chewing themselves
free from nets, and occasional holes in mist nets attested to escapees. Capture rates of insectivorous
bats would be improved by attending the net through the evening, so that bats can be retained before
they chew free. However, with multiple nets to check and the added workload of night transects for non-
volant mammals, this was not a practical option. Instead, harp traps were employed as a potentially more
effective means of capturing insectivorous bats.

Mist net capture rates are summarised in Table 9 and Figure 15 as captures per mist net night and as
captures per 1,000 mist net metre hours. Capture rates for pteropodid bats were substantially higher in
Lowland Zone sites than elsewhere, and there is an overall trend of declining capture rates with increasing
elevation (Figure 15). However, Nena Limestone Site, situated at 950 m elevation at the upper limit of the
Hill Zone, had a capture rate that exceeded some lowland sites and thus negates any generality in this
trend. The other outlier point on these plots is Nena-Usage Site where a small netting effort (237 net metre
hours) resulted in capture of a Moluccan Bare-backed Fruit Bat (Dobsonia moluccensis).

Capture rates for insectivorous bats also tend to be very slightly higher in the Lowland Zone (Table 10);
Nena-Usage Site again is a striking outlier due to capture of one insectivorous bat.

There are few comparative data on sampling effort available for bat surveys in PNG. Leary and Seri (1997)
indicated that they set a total of 109 mist nets on poles and a further 94 in the canopy during their 40-day
survey of the Kikori ICDP area. Helgen (2007a) mentioned that mist netting effort was shared with bird
surveyors during the 14-day survey of the Kaijende highlands area near Porgera, Enga Province but the
number of nets is not specified. Richards (2005, 2008) also shared nets with the bird survey team during
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the PNG LNG Project but also did not quantify the netting effort or captures from mist nets. Dawson et
al. (2009) reported a mist netting effort of 725 — 750 mist net metre-hours at each of 12 sites in the Waria
Valley. This amounts to 9,000 net metre hours, or a fraction of the effort allocated to this method during
the present survey. Aplin and Opiang (2011) reported a total of 158 mist net nights over 20 nights on the
CI RAP Survey of the Nakanai Plateau of East New Britain Province. Armstrong and Aplin (2011) reported
a total of 266 mist net nights over 25 nights in the CI RAP Survey of the Muller Range, Western Province.

Table 10. Mist net bat capture rates summarised by zone

CAPTURES PER NET NIGHTS CAPTURES PER 1,000 NET-METRE HRS
y | 2| 2| ¥ | 8| ¥ s | 2| ¢ | &
o B 3 ¢] = o 2 2 ¢] &
N v A N N N vV A N N
9 u i Wy 5 9 T W |y 5
< = Zz < 2 < pd z < =}
i 8 (o] = '(/_) i} (o] (o] = '(B
2 - N % — = N N (23 -
s | 2] z2| 8|32 ¢8 = | 2|8 3
T T T T
Number of nets 45 49 33 6 145 45 49 33 6 145
Hours open 1751.3 2233.4 1970.3 134.00 6220.1 1751.3 2233.4 1970.3 134.00 6220.1
Net-metre hours 18868 25821 21380 1338 68223 18868 25821 21380 1338 68223
Net Nights 136 191 165 12 546 136 191 165 12 546
Dobsonia minor 0.03 0.03 0.02 0.21 0.19 0.16
Dobsonia moluccensis 0.01 0.00 0.04 0.01
Macroglossus minimus 0.17 0.02 0.05 1.22 0.12 0.38
Nyctimene aello 0.08 0.01 0.02 0.58 0.04 0.19
Nyctimene draconilla 0.32 0.06 0.01 0.11 2.28 0.46 0.09 0.88
Nyctimene papuanus 0.05 0.21 0.08 0.35 1.59 0.63
Nyctimene sp. A 1.29 0.17 0.12 0.49 9.33 1.28 0.94 3.93
Nyctimene sp. B 0.01 0.04 0.01 0.04 0.28 0.10
Paranyctimene raptor 0.03 0.01 0.01 0.21 0.04 0.09
Paranyctimene tenax 0.03 0.03 0.02 0.21 0.19 0.13
Pteropus macrotis 0.09 0.02 0.64 0.18
Syconycteris australis 0.58 0.35 0.37 0.83 0.41 4.19 2.56 2.85 7.47 3.30
Syconycteris cf. finschii 0.04 0.20 0.01 0.09 0.32 1.47 0.09 0.70
Nyctophilus affin. microtis 0.01 0.00 0.05 0.01
Pipistrellus papuanus 0.01 0.00 0.04 0.01
Miniopterus magnater 0.01 0.01 0.00 0.05 0.05 0.03
Mosia nigrescens 0.01 0.00 0.04 0.01
Aselliscus tricuspidatus 0.08 0.00 0.75 0.01
Hipposideros diadema 0.01 0.00 0.05 0.01
Hipposideros 0.00 0.01
maggietaylorae
Total Pteropodids 2.66 0.92 0.76 0.83 1.34 19.19 6.78 5.85 7.47 10.69
Total Insectivorous bats 0.02 0.01 0.01 0.08 0.01 0.16 0.08 0.05 0.75 0.12
All bats 2.68 0.93 0.76 0.92 1.35 19.34 6.85 5.89 8.22 10.80

Notes: Values for the Lowland Zone do not include data from Wario, Wogamush or Kubkain Sites. Values for the Hill Zone <500 m do
not include data from Ok Binai Site. Empty cells are null values.

5.2.4 Harp Traps

The 83 harp trap nights produced a total of 20 captures, comprising three small pteropodid bats belonging
to two species, and 17 insectivorous bats representing nine species (Table 11). The overall capture
rate was 0.24 bats per harp trap night or one bat for every 4.2 harp trap nights. The capture rate for
insectivorous bats was 0.20 and that of small pteropodids was 0.04. Remarkably, no tube-nosed bats

Chapter 3 - page 183



“JyBnes sjewiue Jo Jaquinu are saug (SaloN

2o (014 T T T 14 € 4 T T 9 syeq IV
0z'0 LT T T 4 4 4 T T S Sleq SNOIOANISSU| [e10 L
00 € T T T sleq pipodosayd [ejoL
200 I T T 1uoysejjom sosapisoddiH
S0°0 14 14 seJojfelaibbew solspisoddiq
00 € T T T snuinIgd sosapisoddiy
00 € T z snyepidsnal) snasl||asy
100 T T snipaw sniaydoiuiy
100 T T snye|nbue snjjansidid
T00 T T spjoso1w “ulye snjiydojoAN
T00 T T snouoiw snjiydoloAN
100 T T wnsedonjow SHoAN
200 Z T T sijesysne sa10AU0IAS
T0°0 T T Joulw eluosqoq
W 0 [ z _.N_._ _.N_._ = o W 2 s = M m| =
23 2 lw2zlwl = |8 ws|5|23|2] 2 025 |ul|2|wd|2.5]3
35| o [Faslne & |e|Ag |2 |e2|a| 2 |F35|2|Falo|ms|2 |78

Rl e S = > | o |5 5 a2 Z| m| 5 9) 3| 4
=2 |3 " | F OB A|ITAIAl R | & B|R| 23| R
57 (W 00S<) ANOZ TTIH (W 00S>) INOZ T1IH 3INOZ ANV IMOT

's911s AaAIns |e 1o} synsau desy dieq “IT 9|qel

Chapter 3 - page 184



were captured in harp traps, despite the high representation of this group in mist net captures. Harp traps
are clearly ineffective for surveying non-echolocating bats in the Study Area but why this should be so is
unclear.

Despite the low numbers of captures, the harp traps made a valuable contribution to our survey insofar as
they contributed the only capture records of six species of insectivorous bats and provided individuals of
eight species from which echolocation reference calls were obtained.

Harp traps have only occasionally been used in a systematic way in New Guinea mammal survey. Leary
and Seri (1997) reported a total of 36 harp trap nights over their 40-day survey of the Kikori ICDP area.
Helgen (2007a) mentioned a total of 7 harp trap nights over the 14-day survey of the Kaijende highlands
area near Porgera, Enga Province. Aplin and Opiang (2011) reported a total of 38 harp trap nights over 20
nights on the CI RAP Survey of the Nakanai Plateau of East New Britain Province. Armstrong and Aplin
(2011) reported a total of 16 harp trap nights over 25 nights in the ClI RAP Survey of the Muller Range,
Western Province.

Harp traps have a proven track record for capturing insectivorous bats in closed forests in Australia (Duffy
et al. 2000) and in Southeast Asia (Kingston et al. 2003; Armstrong 2006). However, they never seem to
be particularly successful when deployed in New Guinean closed forest habitats. Apart from the present
study, poor returns from harp traps have been reported by Richards (2008; who had no captures from
20-30 trap nights in primary forest), Armstrong and Aplin (2011; no captures from 16 harp trap nights),
Helgen (pers. comm. to Aplin May 2010; no captures), and Leary (pers. comm. to Aplin May 2010). Aplin
and Opiang (2011) had somewhat better success in East New Britain with 17 captures from 38 harp trap
nights.

5.2.5 Acoustic Bat Survey

5.2.5.1 Reference Calls

Reference calls were recorded from 18 individuals of 10 different species of insectivorous bats, using a
variety of different methods (Appendix 3.6). In addition, recordings were made of a bat feeding congregation
around a building light at Frieda Base. The identity of the swarming bats was confirmed by hand netting
of several individuals of the Lesser Sheath-tailed Bat (Mosia nigrescens).

5.2.5.2 Anabat Recording Sessions

A total of 138 informative AnaBat sessions were obtained (Appendix 3.4). All but one of these represents
a full night of passive stationary recording at one of the systematic survey sites. The exception was a brief
session recorded at Frieda Base on the occasion of a feeding swarm of Lesser Sheath-tailed Bats, as
noted above.

A total of 22 different call types were distinguished on the passive AnaBat recording stations (Table 12),
with two further types only recorded as hand held reference calls from captured bats using the Pettersson
D240x detector (Appendix 3.6). The total might be revised upward slightly in the future, once echolocation
calls of additional species present in the Study Area have been characterised. Ten call types could be
allocated to species through comparison with vouchered reference calls. The remaining 12 call types
were tentatively assigned to either genus or family level on the basis of diagnostic call characteristics.
Appendix 3.7 contains a summary of echolocation pulse parameters for all call types and Appendix 3.9
shows representative call sequences for each type

The highest frequency call type recorded in a passive recording session was around 124 kHz (identified

as the 124 sCF call of the Maggie Taylor's Leaf-nosed Bat, Hipposideros maggietaylorae). Two of the
species for which reference calls were made following capture (Fawn Leaf-nosed Bat, H. cervinus and
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Dusky Leaf-nosed Bat, H. ater) produced calls with an even higher characteristic frequency, which have
a limited range of detection using AnaBat units, possibly within 1 — 2 m. Both of these species were
captured in close proximity to AnaBat recording sites, hence it is likely that they passed in the vicinity of
the units without being detected. The same is true of the two species of long-eared bats (Nyctophilus spp.)
captured in a harp trap at Iniok Village Site very close to a recording AnaBat unit. High frequency calls
such as those emitted by the Hipposideros species, as well as low amplitude broadband calls of the kind
emitted by Nyctophilus spp., have relatively short detection distances, and species that emit such calls
are almost certainly underestimated on the recording sessions. The 143 recording sessions made on the
Project survey represents the largest acoustic survey investment to date in PNG. In the only other large
scale use of acoustic recording methods in PNG, Richards (2005; 2008) reported a total of 68 AnaBat
recording sessions over 18 days field survey in 2005, and 50 recording sessions over 22 days field survey
in 2008. Dawson et al. (2009) reported using an acoustic method to record bat calls in their survey of the
Waria Valley, Morobe Province. However, the total effort was small, with only 3 hours recording for each
of two nights per site, and they were able to distinguish only six call types. Armstrong and Aplin (2011)
reported a total of 21 AnaBat recording sessions over 25 nights in the Cl RAP Survey of the Muller Range,
Western Province.

5.2.6 Night Transects

Night transects amounted to a total of 224.8 hours (Table 2), of which 89.5 hours were expended in
Lowland Zone sites, 72.5 hours in Hill Zone sites below 500 m elevation, 53.5 hours in Hill Zone sites
above 500 m elevation, and 9 hours in the Montane Zone site. The time spent at each site varied from 4
hours (Nena-Usage Site) to 20 hours (Nena Base Site), with most sites receiving 12-14 hours of effort.

A total of 29 terrestrial mammal sightings and 17 arboreal mammal sightings were made across all sites
(Table 13). Contact rates (number of sightings per transect hour; s/hr) were uniformly low at all sites, with
an overall average of 0.13 s/hr for terrestrial mammals and 0.08 s/hr for arboreal mammals. The highest
contact rates for terrestrial mammals were experienced in Lowland Zone sites such as East Sepik Site
(0.38 s/hr) and Frieda Bend Site (0.32 s/hr), and in lower elevation Hill Zone sites such as Malia Site (0.30
s/hr) and Nena D1 Site (0.42 s/hr). For arboreal mammals, the highest contact rate was experienced at
Nena Top Site (0.33 s/hr) with the highest rates in the Lowland Zone at Kaugumi Site (0.19 s/hr) and Iniok
Site (0.17 s/hr), and at Malia Site (0.18 s/hr) in the Hill Zone.

Fourteen different non-volant mammals species were observed and identified to species during night
patrols. A further seven were identified to genus or family. For 13 of these species, the encounters
resulted in capture of the individuals. One species (Northern Common Cuscus Phalanger orientalis) could
be identified from photographs taken at night by Stephen Richards (Figure 16) and three other species
were observed well enough for reliable identification.

Species representation is relatively even in the sightings, with each species accounting for between one
and four observations. The most commonly observed group of mammals was terrestrial rodents (n = 18),
followed by bandicoots (n = 11), possums (n = 9) and arboreal rodents (n = 8). One particularly significant
sighting was made of a montane cuscus (probably Mountain Cuscus, Phalanger carmelitae; it was sitting
4 m above ground but evaded capture) at approximately 900 m elevation Previous records of this species
are all from above 1300 m elevation (Helgen 2007a) and the Nena Base site sighting illustrates well the
capacity for New Guinean montane mammals to extend to lower elevations in response to local influences
of topography and microclimate.

The high contact rate at Nena Top Site mainly involved the Lowland Ringtail Possum Pseudochirulus
canescens which was also observed at Nena Base Site (Figure 17).

Only five of the species in Table 13 were also trapped (Echymipera kalubu, Hydromys chrysogaster,
Mammelomys rattoides, Melomys rufescens, Paramelomys platyops). The relatively low overlap between
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trapping and night transect results highlights the importance of using multiple methods for mammal survey
in PNG, especially where both trap success and transect contact rates are low.

Relatively large numbers of insectivorous bats were seen flying at dusk at some sites (e.g. Frieda Bend
Site, Frieda Base), and on most night transects a few bats were observed flying through forest understorey.
A count of these observations was made each night and this information is reported in Table 13. At several
sites, large variation was noted from night to night in the number of insectivorous bats seen flying in the
lower canopy. This might reflect variable levels of insect activity which itself could be determined by subtle
variations in atmospheric conditions.

On nights with heavy rain, small pteropodid bats (blossom bats and tube-nosed bats) were noted to be
more abundant in the lower canopy, and this was noted also in elevated capture rates on nights with
significant rainfall. It is postulated that in heavy rain these species might spend more time in the lower
canopy to avoid the adverse conditions of the upper canopy.

Night transect effort is not generally quantified for New Guinean mammal surveys. As explained earlier, the
number of transect hours recorded for the present survey is an approximation of the actual effort because
the number of people involved in the transect activity varied from a minimum of two up to occasional
parties of four or five people walking together.

5.2.7 Daytime Observation of Animal Tracks and Signs

Mammal activity in a forest environment is usually indicated by the presence of obvious burrows and
trackways, piles of feeding debris under logs and among roots, tooth marks on fallen fruit or on nut
casings, isolated or concentrated faecal pellets (depending on species’ habits), and sometimes also odour
where urine has not been washed away by rain. Footprints might be visible alongside waterways or on
tracks where mud is exposed. Feral pig (Sus scrofa) activity is also indicated by their deeper footprints,
often on well-marked trails, and by areas of rooted up ground where they have been searching for fungi
or worms.

At most sites, there was very little evidence of mammal activity. Active searching only rarely turned up a
definite mammal burrow or well used trackway apart from those in use by pigs, and feeding debris was
most often limited to old fragments of nuts (often of Fagaceae) showing rodent tooth marks; these clearly
persist for many months or even years and thus give a cumulative record of activity over prolonged
periods.

Signs of pig activity were noted frequently at all sites on the Sepik Plains sites except East Sepik Site,
where they were conspicuously absent, perhaps reflecting the inferred low productivity of the Peat Forest
environment. Significant pig activity, mainly in the form of well-marked track-ways, was noted in low hills
immediately flanking this zone, such as occurs at each of Frieda Bend Site, Kaugumi Site and Malia Site.
All sites above 400 m elevation showed little evidence of pig activity, including Koki Site where at least
one pig was caught in camera traps. We infer that feral pigs in the Study Area are primarily using the
resources of the lowland swamp and floodplain habitats, at least through December to June, with much
less emphasis given to the resources of the Hill Forest zone.

Very few mammals were sighted during day time walking. One good sighting was made by Chris Muller
who followed a wallaby for some distance near Malia Site. Based on his description, this animal is identified
with a high degree of certainty as a Brown’s Pademelon, Thylogale browni. This species was not recorded
directly in any other way, though Miyan hunters gave good descriptions of this species as a resident of
their hunting territories.
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5.2.8 Village Interviews and Hunting Trophies

A significant body of information on the larger mammals of the Study Area was obtained from interviews
with residents of five villages and examination of hunting trophies from four villages. This information is
summarised in Table 6 and presented in more detail in Appendix 3.12 and Miyan names for mammals in
Appendix 3.13.

The largest collection of hunting trophies, examined at Wameimin 2 Village at 637 m elevation below
the southern flank of the Nena Limestone Plateau, included specimens of ten mammal species (Figure
6). The most significant item was a tail of the Endangered Goodfellow’s Tree Kangaroo (Dendrolagus
goodfellowi), said to have been obtained locally on the Nena Limestone Plateau. A small collection of
hunting trophies from Nekiei Village on the Sepik Floodplain contained an adult lower jaw of the Critically
Endangered Black-spotted Cuscus Spilocuscus rufoniger (Figure 18).

Three topics of particular significance were given special attention during the course of these discussions,
1) the status in the Study Area of various Montane Zone mammals; 2) the status in the Study Area of the
Black-spotted Cuscus; and 3) the location and pattern of usage of large flying fox camps.

5.2.8.1 Mammals in the Study Area Montane Zone

Informants at Wameimin 1 and 2 villages repeatedly mentioned several mammal species that occur in
the Study Area Montane Zone, including the Critically Endangered Long-beaked Echidna (Zaglossus
sp.), a second species of tree kangaroo [most likely the Vulnerable Western Montane Tree Kangaroo
(Dendrolagus notatus)], the Critically Endangered Telefomin Cuscus (Phalanger matanim), and a small
wallaby, probably the Near Threatened Small Mountain Dorcopsis (Dorcopsulus vanheurni). A possum-
sized rat with grey fur was mentioned by several informants as an occupant of the highest forests in
the Study Area. This most likely refers to either the Squirrel-toothed Rat (Anisomys imitator), a species
of White-eared Giant Rat (Hyomys sp.), or a Woolly Rat (Mallomys sp.). The biogeographic analysis
determined all of these taxa as possibly occurring in the Study Area (Table 4).

The Telefomin Cuscus is endemic to PNG and is only known from five specimens from two localities,
Telefomin and Urapmin, about 50 km south-southwest of the Study Area. It is recorded from Lower
Montane Forest (L + c) between 1,400 and 2,600 m elevation. It superficially resembles Stein’s Cuscus
(Phalanger vestitus) and to a lesser extent the Ground Cuscus (Phalanger gymnotis). Telefol hunters,
who happened to be passing through while a village interview was underway at Wameimin 1 in February
2010 stated that ‘Matan’ (= Telefol name for Telefomin Cuscus) has been caught close to the Telefol
village of Eliptamin which is 40 km south-southwest of the Study Area. Miyan hunters involved in the same
discussion followed up this statement with the information that the same species is known by the Miyan
name ‘Nelem’ and can be caught even closer (20 to 30 km) to the Study Area. They accurately described
two features that distinguish the Telefomin Cuscus from its relatives, namely its unusually short tail and
its stocky build.

The Western Montane Tree Kangaroo is endemic to the Central Cordillera of PNG from 900 m to 3,100
m elevation, west of the Strickland River (Leary et al. 2008). It occurs in Hill Forest (Hm), Lower Montane
Forest (L + c) and Montane Forest, and occasionally ranges into alpine habitats. Miyan informants
interviewed at Wameimin 1 and 2 villages clearly distinguished two kinds of tree kangaroos, known locally
as ‘Yema’ and ‘Debalmin’. ‘Yema’ is identified with confidence as a form of D. goodfellowi, based on
Morren’s (1989) records and the tail of a juvenile animal kept as a trophy in the Wameimin 2 Village.
‘Debalmin’ was described by hunters as large with ‘black’ (= dark) fur and a ‘black’ tail. The dark tail
effectively rules out D. stellarum, described by Flannery and Seri (1990) from high elevations in the Star
Mountains but is consistent with D. notatus. ‘Debalmin’ was also recorded by Morren (1989: 128) who
stated that it could be found in “from the undisturbed montane forests of the upper slopes of Mt Stolle”.
The Miyan hunters interviewed at Wameimin 1 and 2 Villages were adamant that this species could also
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be caught locally within the Study Area, in the same places that supported ‘Yema'.

Small forest wallabies of the genus Dorcopsulus are widespread on the main island of New Guinea, from
the lower montane zone up to the limit of tree cover (Flannery 1995). They occur both on the Central
Cordillera and on many of the isolated ranges, in forests between about 800 and 3,100 m elevation They
may have once been more widespread - according to Leary et al. (2008) “It has been extirpated from the
Hunstein, Schrader, and the Torricelli Ranges, and probably the Adelberts”. Although they occur mainly
in primary forests, small forest wallabies will utilize secondary forest and gardens where these abut large
stands of forest.

Morren (1989: 129) recorded a species of Dorcopsulus in Miyanmin hunting territory (as ‘Sumul’, a name
shared with other wallabies) and stated that it was “common in undisturbed mid-montane forest above
1600 m”. Miyanmin hunters interviewed at Wameimin 1 and 2 villages during the Project survey described
a small montane forest wallaby under the name ‘Soyabu’. They stated that it was present at high elevations
in the Study Area as well as on the more distant, larger mountains. It was said to be moderately common
in the Study Area, and easily hunted with dogs. No trophy jaws of this species were presented. Flannery
and Seri (1990: 186) recorded a Small Forest Wallaby (as Dorcopsulus vanheurni) in Miyanmin territory
down to 1,000 m, and as “common in montane forests between 1,300 and 2,300 m”.

5.2.8.2 The Black-spotted Cuscus in the Study Area

The trophy jaw photographed at Nekei Village on 27 February 2011 provides the first confirmed record
of the Black-spotted Cuscus in the Study Area. However, its presence was anticipated on general
distributional data, the occurrence of large areas of suitable habitat, and information obtained from Miyan
hunters. The anthropologist George Morren who worked mainly out of Miyanmim and Hotmin villages in
the 1980s, reported “one trophy skin and a skull purchased in 1968. According to informants, it is found
in the May River valley” (Morren 1989: 127). Morren also recorded the Miyan names ‘Tekep Derakeman’
for males and ‘Tekep Asul’ for females. These names were familiar to Miyan hunters interviewed at
Wameimin 1 and 2 villages during the Project survey and the species was stated to be present throughout
the area and across a wide elevational range.

Hunters at Nekei Village (speakers of Sanio-Hiyowe) were interviewed by Steve Richards with assistance
from Project field staff members Simeon Dalap and Terence Orien. The name ‘Abiae’ was used for
members of the Spotted Cuscus group (genus Spilocuscus), with three kinds of Abiae mentioned:

*  ‘Abiae Mo-Unae’ — white animals (adults of both sexes of the local race of the Common Cuscus
S. maculatus are often white or pale ginger).

e ‘Abiae Aili' — black and brown animals with a little white (consistent with immature animals of both
sexes and some adult males of the local race of S. maculatus).

» ‘Abiae lwari’ — applied to a photograph (Flannery 1995: 187) of the Black-spotted Cuscus S.
rufoniger. Said to be slightly larger than the other types, which is consistent with S. rufoniger (the
local race of S. maculatus is particularly small).

Nekei hunters were not asked about the relative abundance of the different forms.

Hunters from Paru Village (speakers of Yahe) distinguished two kinds of spotted cuscus, ‘Hati-Wari’ (=
White cuscus) and ‘Hati-Turu’ = (more coloured) with ‘Hati-Turu’ said to be larger. Both were said to be
common but difficult to catch. A haul of 12 white cuscus were reported for April-May 2010, at the end of
the wet season, with one each of the white and more coloured varieties in Sepmber and November 2010,
respectively.
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At Kubkain Village (Wogamusin speakers) the spotted cuscuses are known collectively as ‘Wub’. Three
kinds are distinguished: ‘Wub-will’ are white, ‘Wub-kob’ are white and brown and “Wub-ndol’ are all brown.
These names were said to represent different colour forms of the same species, which is consistent with
known colour variation within the local race of S. maculatus (Flannery 1994). We could not determine if the
Black-spotted Cuscus is referred to as “Wub-kob” or not. Cuscus were said to be hunted intensively during
times of high flood water, by spotting them from canoes and using bow-and arrow. As many as 100 are
said to be killed each year by the villagers combined, and the last one was brought in early March 2011.

Although information obtained from interviews must be treated with caution, the results are suggestive of
the continued presence of Black-spotted Cuscus in the Study Area, with a possible geographic focus on
the foot Hill Zone rather than the inundated floodplain zone. The limited capture data obtained from the
Paru Village hunters suggest that the Black-spotted Cuscus may be either less abundant or less readily
captured than the Common Cuscus.

The major threats to this species are forest removal and disturbance, and increased hunting activity,
especially where this included the use of firearms (Flannery 1994, 1995, Leary et al. 2008). Flannery
(1994) suggested the species has been exterminated in the eastern parts of its range and it is severely
impacted by hunting. Suitable habitat is abundant and widespread in the Study Area and beyond. Indeed,
the Study Area, with its large areas of relatively undisturbed Hill Forest and low human population density,
may represent a significant refuge for the species.

5.2.9 Discovery and Characterisation of Bat Roosting Sites

5.2.9.1 Cave Roosts

Six caves were found to contain evidence of roosting bats and two other large cave roosts were reported
by informants during village interviews but not visited (Table 14). No bone accumulations were found.

Roosting pteropodids were located in two caves along cliff lines visible from tracks emanating from the
Koki Site. Cave 1 was a narrow but deep cleft in a low cliff line that contained four or five bats that flew out
the cave as it was entered by one of the field assistants; the bats were consistent in size with the Moluccan
Naked-backed Fruit Bat (Dobsonia moluccensis) or Bulmer’s Fruit Bat (Aproteles bulmerae).

The second cave in the vicinity of Koki Site was difficult to access. It is situated at the top of a near
vertical cleft (Figure 19) and has an associated deep shaft that is subject to continual water spray from
above. The roost was located after Dobsonia-sized bats were seen flying around the entrance during the
late afternoon. The approach to the roost showed no evidence of recent human visitation in the form of
an access path or hunting debris (usually wooden poles and charcoal from torches). Several hundred
individuals were present but lack of access to the roosting surfaces made it impossible to get an accurate
count or a firm 