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ABSTRACT

A one hectare plot transect was established at 350 m above sea level in the Crater
Mountain Wildlife Management Area, Simbu Province, Papua New Gunea. Al
stems > 10 cm in diamerer at breast height were enumerated within pyenty five
comtiguous 20 m x 20 m subplots.  Overall, the plot contained 615 stems
representing 174 species of trees, lianes and hemiepiphytes. The majoriny of species
(63%) were represented by one or two individuals and only 11 species had 10
indiiduals. Muyristica subalulata (A fvristicaceae), Pometia pinnata (Sapindaceae).
Cnplocarya “depressa-multipaniculata” spp. group (Lauraceae;. and Chisocheton
lasiocarpus (\feliaceae) were most abundant.  The forest canopy was 30-40 m in
height with emergent Pometia pumata and showed no indications of recent large-
scale disturbance.  The results are compared 10 other PNG forest inventories and

suggestions for future survevs are proposed

INTRODUCTION proposed to account for the maintenance
B T of this diversity (reviewed in Gentry &
Relauvely hittle 1s known about Terborgh. 1990: Condit. Hubbell &

the distribution of the 15.000 to 20.000
vascular plant species recorded from
New Guinea (Johns. 1993). Significant
arcas have not been collected
botanically and a comprehensive
floristic survey is hindered by the poor
taxonomic status of many plant groups
(Stevens. 1989). Our incomplete
floristic knowledge 1s a real problem in
New Guinea forests where increased
logging and agncultural  activities
threaten to erode plant diversity before 1t
has been adequately studied (Sckhran &
Miller. 1995). The development of

Foster. 1992). The enumeration of
forest plots has become the standard by
which forest composition and structure
are compared and in which hypotheses
about the¢ maintenance of diversity are
tested (Condit. 1993). Large. permanent
plots (50 ha) have the advantage of
providing adequate samples for long
term studies of demography and changes
In  species  composition. However.
several small plots (1 ha) distributed
over a larger area can provide estimates
of forest diversity at local scales in the

; : : short term.
effective conservation strategies for
Papua New Guinea (PNG) will be aided. Earlier descriptions of New
in part. from an understanding of current Guinea vegetation emphasized forest
patterns of flonistic diversity and the type classifications (e.g. Paymans,
processes that shape those patterns. 1976) and did not estimate the
e ki : e of distribution and extent of tree diversity
L R el Tedne (reviewed in Johns, 1993). Although

e - woody plants m wet tropical forests is such estimates are very much needed
P w:dc}y - accgpted ‘*altholllgh ’2"’"5’ (Alcorn, 1993), there have been few
e myelleds have - been enumerations of tree diversity in New

1w
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Cuinca forests,  However, Pagmans
(1970) surveved four 0% ha plots
between 600 and 900 m asl in the
Sibium Range, PNG and there were
from 116 10 147 tree species greater than
97 em DBH and Bechler
{1997} recorded between 97 to | T8 tree
species 2 10 cm DEH o three |0 ha
plots in lowland alluvial forest i the
Lakckamu Basin. PNG  The highest
published cstimate from PNG s 228 ree
and hare specics 2 em DEHmma 10
ha plot af 900 m asl at Crater
Mountun (Waght of of . 1997), Goven
s0 few estimates. it 15 difficult to know
if Mew Guinea farests are more of less
diverse than tropical forests elsewhere
We also lack a2 sufficient understanding
of the factors contnbuting to the pattems
of diversity that have been obscrved

In contrast o Mew CGuwned,
regonal  changes | tree  spocies
composiion and forest structure 1n
response to factors such as ramfall
alunsde, soils and disturbance have been
documented on the sland of Bomeo
{Procior o af . 198%). In Sarawak. for

example,  tree es  nchness  was
found to be corre with soil fertility
(Proctor  er  al,  1983) Fafest

composiion dhiffered markedlv among
sonl substrates. although the relanonship
between soul fermliny nndﬁ;':g sum-:::
was not predictable | el al.
19%3) In New Guinea, patierns of
catastrophuc  disturbance  from  fire

implicated as mayo
vegetation (Johns, 1986). Johns (1983)
attnbuted the low diversty of tree
tes i the lowland forests of Madan,
ﬁlm to the frequency of natura
disasters in that region.  However, the
scarcity of tree diversity estimates from
New Guinea has made of difficult w0
asscss the gencrality of ecological
pattemns and underlying processes.

In an amempt W document the
relanonship between New Guinea forest
diversaty and elevation, four | 0 ha plots
were established in the Crater Mountan
I Area (CMWMA)}

descnbed

established a2t 120m, 35330m and
400 m dunng a gencral bological
mmventory of the CMWMA i 1996
Future plots sre  alss  planped  for
HiWim and R0 M Eies ;
prelminany  asscgsment  of  forest
structure and compositon in the 530 m
plot is presented n this  paper
Subscquent papers will imtcgrate the
results from addibional plots

METHODS
Site description

During Julv 1%%6, a plot transect
was cstablished &t approsumatcly 250 m
asl n the CMWMA (Figure ) The
plot was located near the conifucnce of
the O and Pio nivers ar [43° 02" 12" E
longitude and 6° 47 15" 5 lantude in
Simbu Provines, PNG The topographn
of the site was gently inclined to the
northeast and srongly  dissected by
ravines  Sol samples from the mearby
Wara Sera Rescarch Sation consisted of
moderately  nutricnt-rich  clayvs  wath
considerable aluminum comem (Wnight
of al, 1997). Ranfall a1 Wara Sera
ranged from 34 m 1o 74 m per vear
averaging 6.7 m per vear from 1990 to
1998 (D Wrght, pers comm ) No
morihs received bess than 230 mm on
average (Wnght er of 1997)  The
climate 15 humid and temperaiures range
from 17° € 1o 30° C with average daily
mimima and maxima of 18° C ji’g
respectively. The vegetanon at .
Pio site 08 class:fmdt:rmmﬂ CVCTRICEN
hill  Forest  (Pagmans. 1978)  with
minimal evidence of human disturbance
Sago gardemng in these  forests.
however, has been and continucs to be
an important source of food for local
Pawaian landowners

Field methods
The plot transect consisted of 25
contiguous 20m x 20m subplots,

marked at each comer with 1 m
of plastic pipe. The plot was selected by
choos

COMpAsS
h:lutn'lmﬂ“ and 180° and a
distance between #ero and 1000 m from
a basc located on the bank of the
O nver. plot ongnated at 465 m
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along a beanng of 88° from the base
camp. Demarcation of the plot and all
subsequent ficldwork was camed out by
traince students and landowners with

Irian Jaya,

Indonesia

supervision [(Bechler. 1994) Efforts
were made w avoad disturbing  ans
vegetaion within the plod, incloding
stems < 10 om DEH

Papua Mew Guineza

Figure 1. Crater Mountain Wildlife Management Area covers about 2700 km? situated near
the borders of Simbu, Gulf and Eastern Hizhlands Provinces in Papua Mew Guinea.

All stems = [0 emi DBH were
enumerated  Stems were measured with
fiberglass diameter tape to the nearest
mm at approxamately 1.4 m above the
lowest pomnt of ground (DBH) Basal
arca was calculated for each stem
Irregular trees were measured according
o the standard methods used in 30 ha
plot cnumeration (Manokaran o /),
1941} and the point of measurement was
recorded in special cases. For example.
trees with buttresses above |4 m were
measured above the buttresses. nofing
the height of each measurement.  Three
stems of Pondonus spp. (Pandanaceae)
were inaccessible due 1o numerous prop
roots. covered with root spines, and
often reaching more than six mon height
above ground. [Instead. cach prop root
was measured separately. Aenal roots
were also measured in the case of
hemiepiphyvtic  strangler figs  (Fions
subg. (frosngma, Moraceac). In one
case. It was not possible 1o measure the

diameter of the fused. aenal roots and
basal area was instead cstimated by
subtracting the area of the host tree
cavity from the arca encompassed by the
strangler fig

Embossed. numbered alominum
tags (Forestrv Supphes Inc Cat No
TO500)  were set al  approximately
1.25 m with aluminum nals (8 cm oin
length). Nails were placed below DBH
0 avold inaccurate ﬁ.ITLITE mMESsurements
due to swelling of stems in response 1o
wounding  Feeld data were recorded
including. DBH. an estimate of tree
height 1w the nearest 2m.  bark
charactenstics such as colar, sm:ll. and
exndates. and plamt names in the
Pavwaian language.  Botancal vouchers
of cach tagged individual were collected
for distnbution t the Harvard
University Herbana (A), the National
Herbanium of Papua New Guinea (LAE)
and the Botamical Research Institute of
Texas (BRIT).
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Table 1. Most abundant tree species in the O-Pio transect, Crater Mountain Wildlife

Area Species names and Pawaian names follow Takeuchi (1997L Mean
height (m). mean DBH (cm), and mean total basal area (em®) are listed for each species.
ApECies family N height  DBH kotal Pavwaaasn mame

N=sD ==D

— s — = LILS
Myristics subalulate Mig Myristic. 30 1124 T=lh S5 cbe
Pomyvtig pinnata Forst Sapind 28 29E1T X2 4=l49 3ITERG  wen-nah
Crypocaryar Laus 13 1827  1585=53 11510 ssh-ah
Chizocheton lasiocarpus (Meg.) Yalet Meliae 2 |E=a 15 b=k 4 T6E il
Myrasics farsa Houn Myt 9 17=F 17.6=7 5375 weew, wayc-be
Phesiorylum Melise 17 1727 2e=i54 (0eDR mi
Pl sl Fak B bR ﬂmq ¥ il Wik :hl'!.'m.l: It é=d 17 4=8.1 ] T BT
Dyseonylion "Brinadi ™ spp. group Meliace 4 33=x 2=Ias T f1d
Dyaenylem of. excelum Bl Meliac 13 22+13 2e=l38 630 ma
Parpinm ofule Reiow Flawvug 11 25=% 5L0=i59 1032 jac
Alsoodaplme “umbellifora”™ spp. group  Laur 11 Jexlr 376204 W8N whe-mdew
Pimtoodondron amboinncsin Hzek Euphorh, [0 26=8 2272122 232 hoode
Aficriavm promdtiToss Burpett Tiliac § 2427 M=l % 6ll?  shehi
Semccarpas of. papeamss La Auacand, 9 2344 Jl.a=|52 45334  haw
Aplara of pwsemfoss Teipns. & Bemn.  Mebac A ANizo 19 1sho5 ISET  Degalamay
Mrcrocum sp. A Tuhia i [3=3 |4 5=k (Bl i
Crarcinis dwlois (Roxh. ) Kurz Clusia B 1543 147227 15391 sbereww
Lepidopetatum vwiocarpum Radik Sapind T ITET 176265 1ASD o
Gomphamirg momrang (Scbellen Slew.  aana T 122 16.524 = 1559 swihm-me
Afermeovtiom perrrcefforse Mams Melast T o14z3 44288 1254  shdkah-ps
Pixsunie [ompirontres Tevsm. & Binn Moctagin. 7 B2 1362 {13
Memccylon of. schraderbergense Man.  Miclut T 1334 122530 985 ah-kshope
Alroic cormmtiffors J. Rinclai Myringe & MET 3T IR 2627  wayeie
Emadranadra magnifomba Bosserm . Laur. B 1925 IR 3eaR 1766 xah-ah
Agilaia agglomerats Mo, & Ferry Mehia. b Fie  Hid=eT 166 ﬁ;n—ﬁ:l::mi.ﬁ

depreca-multipansculata ™ spp. group, *perasbices petigrentanem © spp. SRoup.

Taxonomic methods
Plant names are

: adopted from
Takeuch (1997). who resurveved the O-
Pio tm ‘March 1997 1w
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(Piperaceac) from the sccond survev

based on DBH and bark characters.
RESULTS

Forest composition

The transect included a total of
615 stems = 10 em DBH comprisi
174 ies i 95 ra and 46
Elnl:lln:q:m:I Although hlsﬂ::' laxonomic
ranks are not comparable indicators of
diversity  (see  Discussion).  families
including  Meliaceae, Mymisticaccac.
Lauraceae were well represented in the
O-Pio transect. with at least 13 species
in  each family Sapindaceae.
Myriaccae. ag“?nnnm hadI:d 10
Specics per iy, Genera including
Aglata  (Mehaceac), Chisocheton

Fiens  (Moraceac), Crarcima
(Clusiaceae) were also well represented,
with at least five species per genus.

ip between
Fihniteo) '““’““M“’*‘”‘F
per species) and species (Figure
2} showed an inverse re that is
charactenistic of diverse forests.

abundant canopy trees  included
Cryptocarya “depressa-multipaniculars”
spp. group (Lauraceac), Chisocheton
laxiocarpus (Mchaceae). 3 species of
Dysoxylum (Melaceac), 2 species of
Aglaia  (Mchaceac). Pangium  ecdule
(Flacourniaceae), Alseodaphne “umbelli-
flora® spp. group  (Lauraceac),

Pimeleadendron amboimcum (Euphorb-

1accac), Microcos gmm:.fil flora
(Tihaceae), S¢ m«r:;.urpm cf.
(Anacardiaceac) mm
cornnfiflora fMyrinh-:aa.em. B

The species accumulative curve
(Figure 3) gives an indication of the
completencss of the transect as a sample
of overall tree diversity at the O-Pio site,
The number of new species encountered
rnses without bmat of individuale are
sampled according to thew location
within the subplots. A randomized
sampling sequence wvields a more
asvmptotic curve (sce Discussion). The
total number of woody specics at the -
Pio site was estumated using the non-
parametric method of Chao (reviewed in
Colwell and Coddington 1994). The
total number of species is:

Stot = Sobs + (L22M)
where Sohs 15 the number of species
sampled. L 15 the number of species
known from single ndwiduals
{smgletons). and M 15 the ﬁbﬂ' of
I'-pm wa ividuals
(doubletons). Th:b}-.-nn:nce of this
estimate of overall species nchness is:
mm-uuga:‘mmhumiﬂ

The total number of woody
species 2 10 cm DBH at O-Pio was
mﬂnlm-mglﬂ
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Figure 2. Frequency distribution for the number of individuals per specics in the 1 ha O-Pio
transect, Crater Mountain Wildlife Management Area

Forest structure
Vegetation in the 0-Pio transect

_ meTgen
to an cstumated 60 m 0 height (eg
Pomena e, mndaceac)
Subcanopy trees ranging from 5 to 20 m

The distnbution of diameter size
clagses for trees = 10 cm DBH 15
indicative of mature-phase forest  The
majority of trees (66%) were less than
20 em DBH but 534 trees (9%) were
more than 40 em DBH and 16 trecs
{2%%) were more than 600 em DBH A
combined basal area of 315 m? was
calculated for all 615 stems = 10 cm
DBH Al stems were woody with the

1on of a smgle herbaceous Msa
EEI usaceae). Trees comprsed 602 of

615 stems with lianes and
hemiepiphyvies making up the remander
Buttresses and prop roots were noted for
34 and 19 trees. respectively  Laanes
included two individuals of Entada

Mﬂ. {h&mimn}.mu] m

(Gnetaceac)
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Figure 3. Species accumulation curves for the 1 ha O-Pio transect, Crater Mountain Wildlife
Management Area. The lower curve is derived from sampling of individuals based on their
location within the subplots. The upper curve is based on a randomized sample sequence.

The relationship between species
abundance and combined basal area is
shown n Figure 4. In general, the most
abundant species have the highest basal
arca (sce also Table 1). although there
are noteworthy exceptions.  Pomeria
pinnata 1s exceptionally common and 1s
a large canopyv emergent. so that this
species alone comprises 9% of the basal
area in the transect. On the other hand.
Myristica subalulara (Myristicaceae) 18
more¢ common than Pomena pinnaia.
but this species is restricted to the
subcanopy and never attains diameters
greater than 17 ecm.  Ficus microcarpa
(Moraceac) 1s  another interesting
exception to the general relationship
between abundance and combined basal
area. Although this species 1s
represented by only two individuals.
heir elabomte acrial root systems
ibute to an overall basal area of
‘ econd onlx w Pomenia

lost or missing. These trees included
one individual each of Mristica
subalulata. Lepidopetalum n!ocarpum
Microcos  cf.  grandiflora. and
Cryptocarva Sp. "depressa-
multipaniculata group".

The mitial census in July 1996
and the second census in March 1997
provide a glimpse of tree mortality rate
in the plot. During the nine month
interval  between  surveys. 6 trees
(0.975%) died of apparent damage to
their crowns and one tree was felled
(Takeuchi. 1997). Extrapolating over a
12 month period. the annual mortality
ratc would be 1.3%. Fifty trees (8%)
showed evidence of broken crowns
suggestive of damage resulting from
falling trees and one large tree fall gap
was located within the plot. There was
no other evidence of major catastrophic
or historical disturbance within the plot.
Few species are present in the transect at
densities high enough to permit the
examination of demographic patterns.
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These findings rank O-Pio among the
most species-rich tropical forests in the
world.

It 1s difficult. however, to
compare the taxonomic composition of
the O-Pio plot to other plots due to the
severe problem of estimating higher
taxonomic diversity and endemism.
Studies of ecological diversity have
generally not appreciated the fact that
taxa of the same rank are not equivalent
cvolutionary units (Dovle & Donoghue,
1993).  Given that most families are
cither not sister groups or not
monophyletic. numerical comparisons of
families do not enhance  our
understanding of diversity. The problem
is well illustrated by "Tiliaceae".
“Sterculiaceae". and Malvaceae. all
famulies that occur at O-Pio. "Tiliaceae"
and "Sterculiaceae" are polyphyletic
within the order Malvales (Alverson er
al..1998) and a monophyletic circum-
scription would alter the number of
reccogmzable  famihes at  O-Pio.
Statements  about  richness  and
endemism of families will be arbitrary
and even musleading unless supported
by a phylogenetic classification or by
comparisons of sister groups. In
recogmition of this problem. family
importance values are not reported.

The problem of esumating
diversity at the species level may be
more tractable. given a consistent and
conservative notion of species. We
would like to know the extent to which
the O-Pio transect represents woody
plant diversity at the site. Species-area
curves are the standard means of
inferring the completeness of a sample
from a community. however. the order
in which samples are accumulated
affects the shape of the curve (Colwell
& Coddington.  1994). When
individuals are surveyed according to
their location within subplots. the
species accumulation curve rises without
1 igure 3).  However. if the

quence 1s randomized to

in species distributions on overall
species richness.

It is not possible to accurately
estimate regional species richness from
the O-Pio data because of the constant
increase in the number of new species as
more individuals were sampled. Most
new species were represented by fewer
than three individuals and the rate of
rare species accumulation did not
decrease with the sampling of more
subplots. In this situation. Chao values
will consistently underestimate species
richness (Colwell & Coddington 1994).
The O-Pio transect results illustrate that
future studies of tree diversity in New
Guinea and elsewhere should take into
consideration both the problem of higher
taxonomic compansons and the effect of
sampling when estimating species
richness. Forest enumerations of larger
arcas will be required to estimate
regional species richness in  New
Guinea.
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