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Key words Abstract We describe the vegetation of Kwerba, in the foothills of the Foja Mountains in the Mamberamo Basin of
. West Papua, Indonesia. Few surveys have been carried out in this remote area of Western New Guinea. Working in col-
biogeography ) ; o ) .
botanical collection laboration with local people we made 15 plots, 10 in primary forest, 3 in secondary forest and 2 in gardens. A total of 487
endemism morpho-species were distinguished, of which 32 % (156) did not match any herbarium specimens or published reference.
. Tree densities (598 + 136/ha) are similar to lowland forests elsewhere, but mean stem sizes (22 + 1 cm dbh and 21 +
undescribed taxa , )
wilderness 2 m height for trees over 10 cm dbh) appear small. Numbers of tree species per plot (22 + 4, of 40 stems recorded) are
unremarkable, but levels of endemism are potentially high with many of the unidentified species being rare (seldom col-
lected) or undescribed. This is the first quantitative description of vegetation in Kwerba, Foja and Mamberamo, and joins
only a handful of such studies in Papua. Additional botanical and ecological survey effort is greatly needed in Mamberamo,
and in New Guinea generally.
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INTRODUCTION In 1999 a group of experts evaluating regional conservation

New Guinea comprises the greater part of the floristic region
called ‘Papuasia’; a centre for floristic diversity (Marshall &
Beehler 2007). Papua, formerly ‘Irian Jaya’, is the western, In-
donesian, part of New Guinea island. Papua harbours the larg-
est tract of old growth tropical forest wilderness in Asia Pacific
region (Beehler 2007). The province contains a vast array of
habitats. Limited access for foreign researchers, especially in
recent decades, has resulted in Papua’s flora being largely
unknown (Polak 2000) though experts estimate that 14 000 to
25 000 plant species occur in New Guinea as a whole (Wom-
ersley 1978, Davis et al. 1995, Supriatna et al. 1999, Frodin
2001, Roos et al. 2004) and that around 40—50 % are likely
endemic (Roos et al. 2004). Here we describe the vegetation
of Kwerba in the foothills of the Foja Mountains, Mamberamo,
Papua — an area where botanical information is required to
guide conservation (Supriatna et al. 1999).

Until recently, Papua’s forests had largely escaped the destruc-
tion seen in Indonesia’s western provinces. This is changing.
Between 1993 and 1997, Papua’s forest cover decreased
from c. 90 (Biodiversity Action Plan for Indonesia, Ministry of
National Development Planning 1993) to c. 80 % (Supriatna
et al. 1999). Transmigration, plantation agriculture, mining, oil
and gas exploitation, dams and various other infrastructure
projects now threaten Papua’s forests. Most of these develop-
ments concern areas lacking any biological assessment, so the
environmental and conservation implications remain uncertain.
To confront this ongoing problem, those responsible for con-
serving Papua’s natural resources need more information and
the capacity to use it.

" Institute of Tropical Forest Conservation, Mbarara University of Science &
Technology, P.O. Box 44, Kabale, Uganda;
corresponding author e-mail: miriamvanheist@itfc.org.

2 CIFOR, P.O. Box 6596 JKPWB, Jakarta 10065, Indonesia.

3 Herbarium Bogoriense, LIPI, Bogor.

4 UNIPA Manokwari.

5 Conservation International-Papua.

priorities stated that the Mamberamo Basin is “Papua’s most
important terrestrial biodiversity resource” (Supriatna et al.
1999). They recommended both biological and social surveys in
the area. Within this area the Foja Mountains had already been
highlighted as an area of considerable biological significance
(Diamond 1982, 1985). The study we report here is the result of
a pilot training project — a collaboration between Conservation
International (Cl), the Indonesian Institute of Sciences (LIPI)and
the Center for International Forestry Research (CIFOR) — that
set out to rapidly assess and describe local patterns of vegeta-
tion in conjunction with local people and local post graduate
students (CIFOR 2004).

Context

The Foja Mountains (sometimes called the ‘Gauttier Mountains’
in older references) recently gained international recognition
with the widely publicised discovery of several new, or long-lost,
species of animals and plants (Anonymous 2006a, b, Cyranoski
2006, Beehler et al. 2007). The Foja are shared between the
traditional territories of Kwerba and Papasena villages. Here we
describe a survey on the mountain footslopes around Kwerba.
A key result of our work was the trust established with local
communities, who are often suspicious of outsiders (and with
good reason). This ultimately ensured Cl and LIPI the required
local permission to undertake their well publicised work in the
sacred mountains (Sheil & Boissiére 2006).

The history of biological exploration in Papua is summarised
in the Ecology of Papua (Marshall & Beehler et al. 2007). Here
we briefly consider studies near the Foja Mountains. Past
studies in the area are few (see Richards & Suryadi 2002).
In 1920, Kremer explored nearby Dabra village and adjacent
mountains and generated a brief botanical account. The 1938
Archbold Expedition was probably the most significant scientific
exploration of the Mamberamo Basin and resulted in several
publications (see Archbold et al. 1942), but the explorations
did not include Kwerba or the Foja. More than 40 years later
Jared Diamond used helicopter access to carry out the first
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ornithological surveys of the Foja Mountains and highlighted
their regional significance (Diamond 1982, 1985). Cl performed
a rapid survey in the lowlands in 2000, again close to Dabra
(Richards & Suryadi 2002). Next came our survey (in Kwerba
as detailed here, and in Papasena, both in 2004), and then the
LIPI-CI Foja surveys in 2005 and 2007. The study we detail
here is, as far as we know, the first quantitative description of
vegetation in the region.

METHODS

Description of the research site

The Mamberamo Basin encompasses 7.8 million ha cover-
ing much of northwest New Guinea. Altitude ranges from
nearly sea level to 2 193 m in the Foja Mountains and 5 030
m on Mt Jayawijaya. These mountains, like those in the rest
of Papua, are geologically young, originating in the middle
to late Miocene (c. 10 million years ago) (Morley 2000). The
Foja massif, encompassing ~300 000 ha, is an isolated linear
range (west-northwest to east-southeast) with several summits
above 2 000 m (Beehler et al. 2007). The Foja region remains
tectonically active. Much of the flatter lowlands are alluvial
plains subjected to seasonal flooding. Climate records are not
available, due to an absence of weather stations, but most of
the area supports a wet rain forest climate (Richards & Suryadi
2002). Regional population densities in the Mamberamo Ba-
sin are less than one person per km?2. The Foja uplands have
never supported intensive cultivation comparable with that
seen in the central highlands of New Guinea (e.g. Humphreys
& Brookfield 1991).

Kwerba lies on the foothills of the Foja Mountains, just below
the confluence of the Tariku and the Taritatu rivers, from where
the river is called Mamberamo (see Fig. 1). Maps are limited.
There are no roads and communication between villages is on

foot, by boat or by light plane. Participatory mapping suggests
Kwerba'’s territory covers between 1 000 and 2 000 km? and
a population density of around 0.3—0.5 people per km? (Bois-
siére et al. 2007).

Sampling methods

Afull description of our approach and methods is given by Sheil
et al (2003c). The field survey was part of a larger study to
assess biodiversity and its importance to local people, a multi-
disciplinary approach previously developed with communities in
Kalimantan (Indonesian Borneo) (Sheil et al. 2003c, 2005). First
we built a shared understanding of landscape classification and
terminology through a variety of activities including participatory
mapping of land types and resources on an accurate basemap
of major rivers. Community members guided us through their
main terms for different land types. Representative sites were
then visited for field evaluation. We allocated most sampling
efforts within the natural forests, as we believed these would
be the most variable and species rich, but we also sought
comparison with secondary and cultivated land as these are
of clear significance to the people. Walking distance from the
village was limited to 2—3 hours. In one case (F4), a boat trip
down the river allowed for sampling further away from the vil-
lage, and reaching the lakeside forest F6 took 4 hours.

Having arrived at the general area to be sampled, a random list
of numbers would determine the starting point and direction of
a 40 meter transect line along which all recordings were taken.
For each transect standard descriptions of terrain included lo-
cation, GPS readings, accessibility, slope position, steepness
and aspect, altitude, surrounding land types and nearest water
features. A soil profile was excavated in the middle of each
transect, in addition two holes were augured at 10 m and 30 m
along the transect. Profile horizons were described in terms
of depth, colour, texture, structure, consistency and pH while
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Fig. 1 The location of the Mamberamo basin, Foja Mountains and Kwerba village (see inset: top right for Papua, western New Guinea).
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Fig. 2 The distribution of the 15 plots around Kwerba, and their type.

moisture regime, matrix node, pores, and roots were also as-
sessed (all soil descriptions followed Suwardi & Wiranegara
1998). Composite soil samples were taken from 0—20 cm and
21-40 cm for laboratory analysis.

The transect was divided into 10 subunits of 4 by 5 meter to
record ‘non trees’; herbs, ferns, climbers (over 1.5 m long),
epiphytes below 2 m high and all monocots were identified
and recorded as present or absent in each of the 10 subunits.
Seedlings, saplings and shrubs were only recorded subjectively
as ‘the three most dominant species per plot’. A reference
collection, including fertile material when possible, was made
for verification and identification in the Bogor Herbarium. Our
botanical nomenclature follows Brummitt (1992) and the names
used in Bogor were checked and updated through the online
International Plant Names Index (http://www.ipni.org, last ac-
cessed 31 December 2008).

A variable area sample unit, suitable for rapid assessments in
heterogeneous forests (Sheil et al. 2003a) was used to record
trees. In 8 subunits on both sides of 10 m sections along the
40 m transect, the 5 nearest trees (of > 10 cm dbh at 1.3 m)
were recorded; thus species, height and girth of a maximum
of 40 trees would be assessed for each sample site, which
allows calculations of density and basal area. In addition, the

furcation index of each tree was recorded (F-index, a rapid
visual estimate of the % of plant height from the top down,
where apical dominance is no longer a property of a single
clearly defined stem and is recorded on a scale of 0 to 110 %)
(Gillison & Carpenter 1997). Tree richness was summarized
using Fisher’s Alpha (Fisher et al. 1943) and a simpler index
‘Log [number of species]/log [number of stems] (a measure
recommended for small samples) (Sheil et al. 1999), to allow
comparison with other studies.

Our small plot sizes and limited replication mean that our ac-
count, though quantitative, should be considered provisional
and descriptive. We do not believe more sophisticated analyses
are useful without further replicates or larger samples.

RESULTS

Observations on terrain and soils

The terrain around Kwerba is rugged, with steep deeply in-
cised landforms rising above more level riverside swamps.
The area is geologically young and dynamic, and landslides
are common. We observed (through drilling of soil cores and
examining outcrops) that sandstone and siltstone dominate
the visible bedrock in the region. The hills show many occur-

Table 1 Average characteristics, per cover type. Data for all 15 plots is presented in Appendix B.

Cover Stem density BA m?ha Average dbh ~ Max dbh Average Ht ~ Average StdDev Nr of tree Log Nrspec/  Nrof

type per ha (cm) (cm) (m) F-index F-index species Log Nr stems  herbs etc*
(not planted)

Primary forest (10 plots)

Average 598.2 324 22.0 63.9 21.0 11.9 16.3 221 0.8 52.7

Std dev. 136.0 12.0 1.0 16.8 23 5.7 4.7 3.5 0.04 16.9

Former cultivation' (3 plots)

Average 676.3 19.2 18.0 413 13.0 38.9 38.3 15.7 0.7 52.0

Std dev. 198.9 2.9 24 13.1 1.3 215 10.0 6.4 0.1 13.1

Cultivation? (2 plots)

Average 235.5 10.2 22.0 38.3 13.1 30.9 42.0 7.5 0.7 40.0

Std dev. 99.7 2.1 2.6 6.7 1.7 2.8 2.6 3.5 0.1 1.4

*in 200 m? plot.

" Inplot C1, 1 of 40 trees recorded was a planted one, and has not been included in species richness summaries.

2 In plot C4, 12 of 33 trees recorded were planted; in plot C5, 8 of 24.
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rences of harder (probably igneous) rock. Soils are generally
coarse and sandy, acidic, with limited cation exchange capacity
(average ECEC for cultivated plots is 17.7 me/100 mg and for
forest plots 14.0 me/100 mg), low organic carbon (2.4 % and
1.7 %, respectively) and low phosphorus (average P,O, of 8.5
and 23.2 ppm, respectively) and potassium (average K,O of
83.2 and 110.1 ppm, respectively). Soil drainage was generally
impeded. Inceptisols and Entisols dominate amongst the plots
(with 10 and 3 plots each), while the two other soil types (with
one plot each) are a Histosol and Ultisol.

Observations on cultivation

Of the three formerly cultivated plots two were abandoned more
than 20 years ago and one 6 years ago. The two cultivated plots
were a sago garden and a mixed fruit garden, both on Entisols.
Cultivation in the rugged terrain around Kwerba includes planted
sago palms (Metroxylon sagu Rottb.), fruit trees like papaya
(Carica papaya L.), star fruit (Averrhoa carambola L.), banana
(Musa spp.), water apple (Syzygium aqueum Alston) and annual
crops like sweet potato (Ipomoea batatas (L.) Lam.), cassava
(Manihot utilissima Pohl) and taro (Xanthosoma spp.). Areas for
planting are selected for ease of access, and for soil suitability.
In general this shifting cultivation involves little clearing and fire
is not always used, unlike swidden cultivation in other tropical
regions which is considered synonymous with ‘slash-and-burn’
(e.g. Mertz 2002). Sago, the main staple, is generally restricted
to wet sites in the alluvial plains and localised valleys.

The plots

Locations and site descriptions for the 15 plots (local name,
geographic coordinates, altitude, terrain, soil, vegetation type
and human influence) are provided in Appendix A and Fig. 2
shows their distribution around Kwerba. For summary purposes,
we group plots into three types: primary forest (F1 to F10),
former cultivation (C1 to C3) and current cultivation (C4 and
C5). The primary forests were never cleared for cultivation, nor
did large scale tree felling occur, but cut stems were noted in
most plots. One primary forest plot on the side of a lake (plot
F6), considered sacred, is totally undisturbed.

Quantitative vegetation description

Average basal area of the ten primary forest plots is about 50 %
higher than that of former cultivated ones, and so are maximum
tree diameter and average height. Of the three formerly culti-
vated plots, the more recently abandoned has a much higher
stem density than the two older plots, but stems are thinner and
shorter on average (see Table 1 and Appendix B).

Even in primary forest plots mean tree height seldom exceeds
25 m, despite the occasional presence of taller emergents
(Intsia bijuga Kuntze, Tejjsmanniodendron spp., Ficus spp.,
Canarium maluense Lauterb., Hopea novoguineensis Slooten).
In formerly and currently cultivated plots average tree height
stays well below 15 m and the tallest trees seldom exceed 20 m
(NB: a 65 m Ficus variegata Blume occurs in plot C2, likely a
relic that survived from the original forest). Average diameter

Table 2 Matrix of shared and abundant species per sample (basal area, in m?/ha), ordered by cover type.

Plots in : Primary forest

Former cultivation Cultivation

Species name F1 F2 F3 F4 F5 F6

F7

F8 F9 F10 C1 C2 C3 C4 C5

Teijsmanniodendron

bogoriense Koord. 1.8
1.7

24

0.2
1.1
0.6
0.9

0.1
0.1
0.6

1.2
0.1
2.7

12.2
24

Pimelodendron amboinicum Hassk.
3.2
0.2

Cleistanthus myrianthus Kurz
Myristica fatua Houtt.

Medusanthera laxiflora

(Miers) R.A.Howard 0.5 0.5 0.5 0.3

Neoscortechinia forbesii
(Hook.f.) C.T.White

Vatica rassak Blume

0.3
21.4
1.9

0.8
Hopea novoguineensis Slooten 0.3

Teijsmanniodendron hollrungii

(Warb.) Kosterm. 0.3

22.9

3.3
25

23 3.0

Intsia bijuga Kuntze

Citronella suaveolens

(Blume) R.A.Howard 21

Cynometra sp. 0.2
Gnetum gnemon L.
Mastixiodendron pachyclados Melch. 5.4

Anisoptera thurifera ssp. polyandra

(Blume) P.S. Ashton 4.1 4.3

Horsfieldia sylvestris Warb. 3.5
1.0 08

0.2

Pometia pinnata Forst. 6.7
0.3
1.0

0.3

Myristica sp.
0.1
0.3

Canarium maluense Lauterb. 1.5
Nauclea orientalis L.
Ficus variegate Blume 0.8
Pterocarpus indicus Willd.

Macaranga mappa Mull.Arg.

Glochidion novo-guineense K.Schum.

Endospermum moluccanum Becc.

1.3

0.2

4.2
1.0

0.2

29

0.2
1.9

0.3
21

0.5
0.3

1.9 0.3

3.5
0.8

3.1

9.2 49

0.4
0.2
0.4
1.2

0.5
0.1
0.3
1.3

0.1 4.1
0.3
1.6

0.1

4.9
20
0.6 3.7

5.9

0.8

0.4
1.6
0.4 0.3 8.7
0.5
1.0
0.4

0.2

1.7 0.0

05 01
0.4 0.1
10.8

0.2

0.1
0.5




M. van Heist et al.: The forests and related vegetation of Kwerba 157

of the trees measured in each plot is only slightly higher in
primary forest than in (formerly) cultivated, though more large
trees occur in the former.

Plot level tree species richness is 50 % higher in primary forest
than in formerly cultivated plots and 3 times that in cultivated
sites, though the Log Nr species/Log Nr of stems suggests
that, when corrected for stem counts, the primary forest is only
fractionally richer. Average numbers of non-tree species are
not consistently different per plot between forest and formerly
cultivated plots.

Botanical overview

In total, 487 different morpho-species were distinguished in the
15 plots. These belong to 284 identified genera in 98 different
families. A third of these morpho-species remains unidentified:
132 are unidentified at species level, 23 at genus level and one
at family level. The failure to match these taxa with herbarium
material in Bogor, Java, suggests that most are absent from
the herbarium. Some are likely to be undescribed species. The
palms, Arecaceae, are especially diverse, with 38 morpho-
species in 20 genera, though identification has proven difficult
with eight unidentified genera and thirteen unidentified species.
Orchidaceae follow, mostly represented by epiphytes.

Trees

In order to detect any systematic patterns in the forest types, we
summarized the three most abundant tree species encountered
in each variable area plot (see Appendix C). We then selected
all such species which occurred in at least three plots, and
developed a matrix of their basal area scores for each of the
< @ - ¥ - =) 15 plots, see Table 2.

Piper spp. (51/32), Rhaphidophora spp. (22/16), Flagellaria indica L. (10/7), Merremia peltata (L.)

Merr. (10/4)
Pandanus conoideus Lam. (6/4), Freycinetia graminea Blume (6/6)

Calamus hollrungii Becc. (12/10), Licuala spp. (8/7)
Ficus sagittata Vahl (11/9)

Selaginella spp. (11/7), Asplenium spp. (10/10)

Most frequently recorded species**
Lomagramma sinuata C.Chr. (5/4)

Riedelia spp. (28/20)
Erycibe spp. (11/9)
Asplenium spp. (16/13)

all only once

9
4
1
5
3
4
3
9
5

C4 C5

1
1M
4

Cultivation

In the primary forest, common canopy trees and emergents
(that occur in 5 or more plots) are Teijsmanniodendron bogo-
riense and T. hollrungii, Cleistanthus myrianthus, Intsia bijuga,
Canarium maluense and Pometia pinnata. In the second highest
stratum, Anisoptera thurifera Blume subsp. polyandra, Hopea
novoguineensis, Vatica rassak, Pimelodendron amboinicum,
Mastixiodendron pachyclados, and Myristica fatua are often
found. The lakeside forest (F6) has several species in com-
mon with other primary forest, with Pimelodendon amboinicum
dominating, but a number of species were only recorded from
there (thus not included in Table 2), such as Beilschmiedia
myrmecophila Kosterm., Combretum trifoliatum Vent., and
Pouteria macropoda (H.J.Lam) Baehni.

3
13
7
6
2
6
1
2

C2 C3
16
1
7
1
5
2
2
66 50

1

19
13

Former cultivation

1
8
1
2
4
2
3
1

40

6
6
7
3
3
6
3
3
3
2
52
4

17
25

F8 F9 F10
8
6
2
3
4
4
1
3
1

2
13
6
12
6
8
1
1
18 21

In formerly cultivated plots, pioneer trees like Ficus variegata
are abundant, as well as Endospermum moluccanum, Glo-
chidion novo-guineense and Macaranga mappa (the latter two
were not encountered in forest plots at all). Other secondary
tree species (less abundantly, hence not in Table 2) found in
old fallows are Ficus miquelii King, Cananga odorata (Lam.)
Hook.f. & Thomson, Colona scabra Burret and Vitex parviflora
A.Juss. Fruit trees include local species like Artocarpus com-
munis J.R.Forst. & G.Forst., Pometia pinnata, Artocarpus sp.,
Areca catechu L., Syzygium malaccense (L.) Merr. & L.M.Perry
and Citrus sp.

43 59 43 49

10
3
5
4
2
1
1
1

9
2
5
1
2
2

Primary forest
20 21

F2 F3 F4 F5 F6 F7
10 5
"o
5 2
4 1
1n 4 2
3
3 3
4 2
;
9 64 60 36 31
19 26 28 21

10
16
14
11
3
1

F1
1
2

There is little overlap in tree species recorded from primary for-
est and formerly cultivated areas. Exceptions include Pometia
pinnata, a wild fruit tree (Matoa) probably left standing when
clearing an area for cultivation, as well as Ficus variegata and
Vatica rassak. Our survey recorded Dipterocarpaceae 17 times,
all but 2 of which were in primary forest plots; the five species
were Vatica rassak (often of large diameter), and Vatica sp.,
Hopea novo-guineensis (an endemic and good timber species),
Hopea sp. and Anisoptera thurifera ssp. polyandra (commonly
occurring in groups in secondary forest).

Fig

L

H
WL
F
PI
Pa
CF
E
T

Plots
* In (a/b), a is total number of records of this lifeform, b the ones from the primary forest plots only.
** In (x/y), X is the total number of records of this (genus or) species under the lifeform, y the number of records in primary forest plots only.

*#% Trees were recorded with a different method and species numbers may not be directly added to those of non-trees.

Table 3 Total number of non-tree species per life form, per plot (200 m?).

Climber (non woody Liana)

(240/146)
Herbs (non fern) (168/112)

Woody Liana (86/60)

Ferns (95/65)
Epiphytic Ferns (56/52)

Life form*

Palms (82/60)
Pandanus (34/25)
Figs (32/20)

Climber Ferns (18/14)
Epiphytes (6/6)

Total non-tree species
Trees™**
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Table 4 Most frequently recorded species, trees and non-trees.

Species Family Life-  Recorded
form* (x out of y
plots)
Most frequently recorded species in all 15 plots (8 times or more)
Flagellaria indica L. Flagellariaceae LL 10/15
Merremia peltata (L.) Merr. Convolvulaceae  LL 10/15
Calamus hollrungii Becc. Arecaceae PI 9/15
Erycibe nitidula Pilg. Convolvulaceae WL 9/15
Riedelia corallina Valeton Zingiberaceae H 9/15
Scindapsus hederaceus Schott Araceae LL 9/15
Asplenium robustum Blume Aspleniaceae F 8/15
Cordyline terminalis Kunth Agavaceae H 8/15
Ficus sagittata Vahl Moraceae LFig 8/15
Phrynium macrocephalum K.Schum. Marantaceae H 8/15
Pothos versteegii Engl. Araceae LL 8/15
Rhaphidophora korthalsii Schott Araceae LL 8/15
Schismatoglottis calyptrata Zoll. & Mor.  Araceae H 8/15

Most frequently recorded species in 9 primary forest plots (6 times or more)

Asplenium robustum Blume Aspleniaceae F 7/9
Calamus hollrungii Becc. Arecaceae PI 7/9
Erycibe nitidula Pilg. Convolvulaceae WL 7/9
Pothos versteegii Engl. Araceae LL 7/9
Ficus sagittata Vahl Moraceae LFig 6/9
Flagellaria indica L. Flagellariaceae LL 6/9
Intsia bijuga Kuntze Fabaceae T 6/9
Piper majusculum Blume Piperaceae LL 6/9
Rhaphidophora korthalsii Schott Araceae LL 6/9
Riedelia corallina Valeton Zingiberaceae H 6/9
Scindapsus hederaceus Schott Araceae LL 6/9
Teijsmanniodendron bogoriense Koord. Lamiaceae T 6/9

* F =femn; H = herb; LFig = climbing fig; LL = non-woody liana; Pl = palm; T = tree;
WL = woody liana.

Non-trees

Records of the number of non-tree species in each plot are
presented in Table 3, in order of overall species richness per
lifeform.

The total number of non-tree species per plot ranges from 31 to
90. Species richness is particularly high for climbers (non-woody
as well as woody lianas) and the Araceae family is dominant
(Rhaphidophora spp., Pothos versteegiiand Scindapsus heder-
aceus, followed by Convolvulaceae (Merremia peltata, Erycibe
nitidula), Flagellariaceae (a single species, Flagellaria indica),
Piperaceae (Piper spp.), Vitaceae (Cayratia spp., Tetrastigma
spp., Cissus spp.), and several genera of Menispermaceae.

In Table 4, the most frequently recorded species (trees as well
as non-trees) are listed.

Less common understorey taxa in primary forest include the
gingers Riedelia spp., Etlingera sp., Costus speciosus Sm.
(Zingiberaceae), the nettle Elatostema sp. (Urticaceae), Mapa-
nia sp. (Cyperaceae), Schismatoglottis calyptrata (Araceae)
and a range of pteridophyte genera including Hymenophyllum,
Selaginella, Blechnum, Lindsaea and Pneumatopteris.

DISCUSSION

Local people

Our rapid surveys were conducted with support from local com-
munities. Local people made the surveys more effective, as they
guided us to distinctive forests and helped us understand why
these forests are important to them (for a discussion of these
issues, see Sheil & Lawrence 2004). We note the high level of
knowledge the local people showed in virtually all aspects of
the forest, including plants and plant use. We also emphasise
that while people used the forest in many ways, the cultivated
and modified areas are very localised, and even gardens have
the structural appearance of forests (Sheil et al. 2003b, Bois-
siere et al. 2005).

Soil

The soils appear typical of West Papua where fertility is gener-
ally low (Subagjo et al. 2000). We recognise some variation
in soil characteristics related to location and parent material.
More work is needed to clarify if there is any relationship with
vegetation beyond the trivial observation that swamp vegetation
(and sago cultivation), is limited to the flat lowlands and poorly
drained sites in the foothills where Entisols predominate.

Identification

Identification of plants proved challenging. Those undertaking
botanical research in areas that are both extremely rich in spe-
cies, and poorly known, should of course anticipate difficulties
in obtaining definitive species identifications — but it is hard to
imagine a region which is as little explored botanically as the
area around Kwerba. Given biogeographical considerations
for this relatively isolated massif (see Supriatna et al. 1999), it
seems plausible, that the Foja Mountains possess a localized
flora with many locally restricted endemic taxa, as seems to be
the case with fauna (Diamond 1982, 1985, Beehler et al. 2007).
Thus we should not be surprised to encounter various novel
forms in these surveys or in those that have followed (Anony-
mous 2006a, b, Beehler et al. 2007). In addition, even for more
widespread taxa, the limited number of previous collections
in the region means that we should expect to have difficulties
identifying species that may have only seldom been recorded
previously and thus remain poorly characterised. Clearly much
more work is needed to describe and clarify the biogeographical
nature of these plant communities.

The Herbarium Bogoriense houses Indonesia’s largest botani-
cal collection, including those for Papua. One set of almost all
collections made in Indonesia is kept in Bogor. 132 of our
specimens could not be matched with any held at the Bogor
Herbarium, this implies that they have not previously been col-
lected in Indonesia. Some of our unnamed taxa may be new
species. We can at least be sure that most are poorly known
and seldom collected.

Flora

Common to other floristic overviews of the region, we find that
while many species are endemic to New Guinea most of the
families are widespread and possess an Asian affinity (Diptero-
carpaceae, Araceae) with any distinctive ‘eastern’ or ‘southern’
elements (e.g. Sapindaceae, Myrtaceae, Myristicaceae, Flagel-
lariaceae) being relatively minor (e.g. Roos et al. 2004). The
low level of endemism at higher taxonomic levels is likely a
result of the relatively young geological age of the New Guinea
Islands (Morley 2000). Within the Foja and other mountains in
the region diversification is likely an ongoing progress on these
mountains, with endemics being young rather than old. More
work is required to clarify the biogeographical history of the
flora in this geologically dynamic region.

Comparisons

We sought other quantitative vegetation studies in Papua, and,
finding few, in New Guinea more generally (see Table 5). We
found only three published studies: Paijmans (1970), Wright
et al. (1997) and Polak (2000), of which only the most recent
is in Papua.

Paijmans (1970) made a comparison of four plots: two on mod-
erately steep slopes in an area 160 km northeast of Port Mo-
resby, PNG, and two on a gently sloping plateau (0.8 ha each).
He found that tree density was higher, average dbh smaller but
BA higher in the former plots. Paijmans recorded trees over > 12
inch girth, or 9.8 cm dbh, only slightly smaller than the 10 cm
dbh used in our study. Species overlap between plots was
minimal (55 % of species recorded occurred only once or twice,
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Table 5 Comparison of stand properties and species richness in New Guinea.

Nr of plots Plot size Nr of records  Density per ha Average dbh*  BA m%ha Nr of species  Fisher’s Alpha
This study (primary forest plots only) 10 Var. area 399 598 + 136 22+1.0 324 +£12.0 127 64.31
Paijmans 1 1970 1 0.8 ha 528 652 24.9 29.2 122 49.75
Paijmans 2 1970 1 0.8 ha 560 691 26.5 30.5 147 64.91
Paijmans 3 1970 1 0.8 ha 426 526 27.8 31.2 145 77.47
Paijmans 4 1970 1 0.8 ha 348 430 29.2 30.8 116 60.93
Paijmans all 1970 4 0.8 ha 1862 575 271 29.2-31.2 392 77.70
Wright et al. 1997 1 1ha 679 21.8+14.3 222 114.81
Polak 2000 22 0.1 ha 1945 805 35.77 415 161.63

* Paijmans recorded trees with dbh > 12 inch (9.8 cm, slightly smaller than the other studies).

and only 3 species were found in all 4 plots), indicating high
diversity and minimal if any grouping of species. The families
Lauraceae, Meliaceae and Moraceae were best represented
in terms of number of tree species and individuals.

Wright et al. (1997) recorded trees and lianas over 10 cm dbh in
a one hectare plot in the Crater Mountain Biological Research
Station on the southern scarp of the Central Range of PNG.
They distinguished 228 species, the highest record from New
Guinea to date. They suggest that lack of a pronounced dry
season along with high topographic variation contribute to this
richness. The Lauraceae family had most species, individuals
and highest BA; Myristicaceae had second most individuals,
and Moraceae second most species.

Polak (2000) surveyed 22 small plots (0.1 ha) — primary rain-
forest on flat to slightly undulating terrain — in the Bird’s Head
area, Indonesian Papua, and enumerated all plants > 10 cm dbh
(mostly trees). Myrtaceae, Burseraceae and Euphorbiaceae
were the most frequent families and Myrtaceae, Lauraceae
and Meliaceae appeared most species rich.

So how does the Kwerba forest compare to others in the region?
The composition and structure of Kwerba'’s forests are similar to
Paijmans’ forests of foothills and mountains below 1 000 m (Pai-
jmans 1976) and ‘lowland rain forest’ as described in Womersley
(1978). Tree density (600 per ha) is typical for New Guinea, but
at the high end of the range for lowland rainforest in Malesia
including Kalimantan, Sumatra or Sulawesi (Kartawinata 1990).
Basal area is typical for tropical forests (25—40 m?). Kwerba’s
tree species richness is also unremarkable compared to other
regions in New Guinea, though we cannot be certain what is the
effect of small plots and local and regional variation — subjects
requiring further evaluation. Both the Central Range of PNG
and Bird’s Head seem to have richer tree floras than Kwerba
(Wright et al. 1997, Polak 2000), although commentators seem
to agree that such high tree species richness is uncommon in
New Guinea (Paijmans 1970, Wright et al. 1997, Oatham &
Beehler 1998).

Typical canopy tree sizes (dbh and height) in Kwerba and
elsewhere in New Guinea are often smaller than the forests
further west (Paijmans 1976, Womersley 1978). We do not know
why Papua’s forests are short when compared with equatorial
rainforests in other regions of the world including Sunda. As one
reviewer suggests, it could reflect species composition, as many
of the dominant tree families in Papua also have relatively small
stature when they occur in Sunda Shelf forests. In our obser-
vations, though, we find that Dipterocarpaceae, the dominant
canopy family in most Sunda Shelf forests are also common
around Kwerba, but fail to reach the sizes seen in Borneo’s hill
forests. Even if the difference does reflect taxonomic factors it
still begs the question as to why taller trees, and indeed taller
taxa, are not favoured. The evolution of tree and forest stature
is a topic with a rich theoretical base (see lwasa et al. 1985,
Niklas 1995, Thomas 1996, De Gouvenain & Silander 2003,
Falster & Westoby 2003) and explanations could reflect soils,
drought, or indeed the prevalence of disturbance — we do not

know. The fact that Papua’s flora is especially rich in pioneer
species suggests that disturbance processes play a larger role
in these forests than in some other tropical regions — perhaps
due to both the geological and climatic instability of the region
(Whitmore 1998). Support for such proposals would include
regional evidence of high climatic variability and fire frequency
during the middle to late Holocene — an El Nifio related phe-
nomenon that likely influenced modern vegetation patterns
(Haberle et al. 2001).

CONCLUSIONS

Our study provides a first look at a previously unexplored site
of considerable biological importance. The results illustrate
how much remains unknown about New Guinea’s vegetation.
Efforts must be increased to recognise the major patterns of
endemism in this region so that conservation can be planned in
advance of impending threats — otherwise we may lose species
and never know what we have lost. We underline the value of
working with local people in this undertaking.
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Plot  Location East (utm*) North (utm)  Alt. (masl**)  Terrain type Soil Vegetation type Human influences
(Local Name)
F1  Abbua 212825 9708063 100 Footslope 20 % Inceptisol Primary forest Trail
F2  Pitiuw 211872 9706558 107 Footslope, 10 % Inceptisol Primary forest Cut stems, trail
F3  Momorokoe 212310 9709039 82 Flat, riverside Inceptisol Primary forest Cut stems, trail
F4  Navaci 200904 9715019 71 Undulating Inceptisol Primary forest Cut stems, trail
F5  Kwikarawar 213202 9708267 190 Hilly, shoulder Ultisol Primary forest Cut stems, trail
F6  Hehetemenem 214183 9712372 210 Undulating, on lake side  Entisol Lake side forest Cut stems, trail
F7  Kerenebu 213237 9707997 125 Footslope, 15 % Inceptisol Primary forest Cut stems, trail
F8 Laperem 212351 9709537 230 Hilly, 30 % Ultisol Primary forest Cut stems, trail
F9  Wirinya 211438 9706477 75 Flat Ultisol Primary forest Cut stems, trail
F10  Taciwaram 212117 9708221 84 Flat Inceptisol Primary forest Cut stems, trail
C1  Anakwaciauw 211885 9706927 89 Flat Inceptisol Fallow 6 yrs Former cultivation, trail
C2  Taciwaram 211225 9707036 61 Flat Inceptisol Old fallow > 20 yrs Former cultivation (19787?), trail
C3  Anakwaciaw 211968 9707163 90 Flat Inceptisol Old fallow > 20 yrs Former cultivation (19777), fire, trail
C4  Paquimya 211280 9707684 280 Flat Entisol Garden / mixed Cultivation since 1989, cut stems,
secondary forest trail
C5  Dusun sagu 212930 9708749 13 Flat, swampy Entisol Sago garden>20yrs  Trail

* Universal Transverse Mercator, a metric coordinate system for locating plots.

** Altitude in meters above sea level.
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Appendix B Forest structure of all plots, by cover type.

Plot Density BA m?/ha Average Max Average Average StdDev Nr of tree Log Nrspec/  Nrof herbs etc.’
per ha dbh (cm) dbh (cm) Ht (m) F-index F-index species* Log Nr stems
Primary forest
F1 767 61.6 23.8 110 18.8 6 13.5 19 0.80 90
F2 545 30.7 222 65 23 7.7 13.5 26 0.88 64
F3 469 26.6 217 60 21.9 16.3 18.8 28 0.90 60
F4 523 21.7 20.9 52.4 17.3 14.2 23.3 20 0.81 36
F5 775 38.6 211 57.7 21.7 12.0 12.0 20 0.81 31
F6 779 37.7 23.1 51.1 22.6 17.3 19.1 21 0.83 43
F7 496 22.2 20.9 59 243 34 13.4 17 0.77 59
F8 588 27.2 214 63.7 19.6 12.9 11.8 21 0.83 43
F9 634 346 229 60 223 21.6 24.0 25 0.87 49
F10 406 23.4 222 60 18.6 7.3 13.2 24 0.87 52
Average  598.2 324 22.0 63.9 21.0 11.9 16.3 221 0.8 52.7
Stddev. 136.0 12.0 1.0 16.8 23 5.7 4.7 3.5 0.04 16.9
Former cultivation?
C1 (6yrs) 892 19.5 16.3 29 11.8 49.85 45.49 14 (1) 0.70 40
C2 (>20yrs) 500 21.9 20.8 55 14.3 14.1 26.88 23 0.85 66
C3 (>20yrs) 637 16.2 16.9 40 12.9 52.65 42.44 1 0.65 50
Average 676.3 19.2 18.0 413 13.0 38.9 38.3 15.7 0.7 52.0
Std dev.  198.9 29 24 13.1 1.3 21.5 10.0 6.4 0.1 13.1
Cultivation®
C4 306 1.7 20.2 33.5 14.3 28.91 40.12 14 (4) 0.75 41
C5 165 8.7 23.8 43 11.9 32.83 43.8 6 (1) 0.58 39
Average  235.5 10.2 22.0 38.3 13.1 30.9 42.0 7.5 0.7 40.0
Std dev. 99.7 21 2.6 6.7 1.7 2.8 2.6 3.5 0.1 1.41
* between brackets: number of planted tree species.
" in 200 m? plot.
2 In plot C1, 1 of 40 trees recorded was a planted one, and has not been included in species richness summaries.
3 In plot C4, 12 of 33 trees recorded were planted; in plot C5, 8 of 24.
Appendix C The three most abundant tree species in each plot (including planted stems).
Plot
Primary forest
F1 Cleistanthus myrianthus Kurz 6 Vatica rassak Blume Diospyros sp. 2
F2  Teijsmanniodendron bogoriense Koord. 5 Cryptocarya sp. 2 / Mastixiodendron Horsfieldia sylvestris Warb. 3
pachyclados Melch.
F3  Pimelodendron amboinicum Hassk. 6 Calophyllum peekelii Lauterb. Medusanthera laxiflora (Miers) R.A.Howard. 4
F4  Teijsmanniodendron hollrungii (Warb.) Drypetes celebica Pax & K.Hoffm. Myristica fatua Houtt. / 4
Kosterm. 4 Canarium sp. 1 2
F5 Hopea novoguineensis Slooten 6 Teijsmanniodendron hollrungii (Warb.) Canarium maluense Lauterb. 5
Kosterm.
F7  Teijsmanniodendron hollrungii (Warb.) Canarium maluense Lauterb. Diospyros buxifolia Hiern 2
Kosterm. 4*
F8 Teijsmanniodendron hollrungii (Warb.) Maniltoa schefferi K.Schum. Horsfieldia sylvestris Warb. 3
Kosterm. 5
F9 Mastixiodendron pachyclados Melch. 1 Myristica sp. Intsia bijuga Kuntze 6
F10 Pimelodendron amboinicum Hassk. 6 Mastixiodendron pachyclados Melch. Intsia bijuga Kuntze / 6
Gnetum gnemon L. 3
Lake side forest:
F6  Teijsmanniodendron hollrungii (Warb.) Cleistanthus myrianthus Kurz Pimelodendron amboinicum Hassk. 6
Kosterm. 4
Former cultivation
C1 Anisoptera thurifera Blume ssp. polyandra Alphitonia incana (Roxb.) Kurz Glochidion weberi C.B.Rob. 1
(Blume) P.S.Ashton 1
C2 Ficus variegata Blume 7 Pometia pinnata Forst. Colona scabra Burret 2
C3  Glochidion novo-guineense K.Schum. 3 Ficus miquelii King Ficus variegata Blume 7

Cultivation
C4  Gulubia costata (Becc.) Becc.

C5 Adina sp.

(Cocos nucifera L. | Theobroma cacao L.)
Metroxylon sagu Rottb.

Ficus ruficaulis Merr.
Nauclea sp.

* the numbers in the bottom right of each cell indicate the number of plots (out of 15) in which the species was recorded.



