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Abstract: Data mining applications based on Kohonen’s selfrganising map (SOM)
techniques to resolving real world problems have len successful in many disciplines, one
among them is ecological informatics. The detailsf@ few SOM applications to modelling
complex natural habitats, such as coastal (inter ah subtidal), forest and freshwater
population dynamics within an ecosystem framework i@ initially outlined. Consequently,
a potential SOM application to modelling Sabah’s (ad similar i.e., Mahua) tropical rain
forest biodiversity regeneration is elaborated upon The initial results of the approach to
analysing forest data collected from Mahua show pential for modelling the complex
forest plant biodiversity degeneration.

Dipterocarpaceae, the dominant element of the trapal flora thought out the
Southeast Asia is recognised in five main phytoge@phical parts. The significance of
Dipterocarp species in tropical rain forest ecologial dynamics and biodiversity
regeneration exists in documented research. Howaveanecdotal observations made on
Sabah’s tropical rain forests in Malaysia, suggestshat the Dipterocarp/ Giant Fig life
cycle as indicative of the whole forest ecosystenobiversity regeneration and this is yet to
be scientifically verified. This chapter elaborate upon an investigative approach to
establishing the Dipterecarp/ Giant Fig indicator mtentials by modelling such stands at
various stages (when the fig is epiphytic on diptecarp tress, with one or more root
established, with network of roots and finally whenthe fig has strangled the host) along
with their surrounding tree composition.

The Dipterecarp/ Giant Fig life cycle is somethinghat ecologists as well as nature
lovers find intriguing. Initially, the Giant Figs establish themselves on Dipterocarp trees
and once established well, end up strangling thehosts. Ultimately, at the later stages, the
epiphyte turn strangler produces its own branches@mpletely destroying the Depterocarp
tree with a hollow in the centre of the structure. The chapter investigates into the
constraints in modelling the Dipterecarp/ Giant Fig life cycle and then the remedial
measures suggested for modelling the two species waell as their surrounding tree
composition within Sabah’s rain forest using SOM tehniques are presented. The method
could enable analysts to gain valuable insights iatthis tropical rain forest ecosystem to
inform the management of Sabah'’s tropical rain forsts.

1. Introduction
Kohonen'’s self-organising mapechniques are successfully applied to resolviagyreal

world issues in a wide range of disciplines, oneoagnthem is ecological informatics, an
emergent field within a major area generally cakbsmblogical modelling. The recent SOM
applications to complex natural habitat modellingwm an ecosystem framework are testament
to the successful use of this approach to solvamyesmajor issues within this problem domain,
multidimensional data analysis. A few SOM applicasi such as, coastal (inter and subtidal)
(Shanmuganathan et. al 2001; 2002; 2004; 20043tf¢@iraudel and Lek 2001) and freshwater

! Kohonen's self-organising maps (SOMs) are two layeredcatiheural networks (ANNs) that use an
unsupervised algorithmic learning developed based on our undéngtamchow human brain cortex cells receive
stimuli from sensory cells transmitted via hundred thodsaof nerve cells. During the SOM training similatada
points get clustered together making the recognition of patiégthis the multi dimensional raw data, by humans.
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fish species assemblages (Jowett 2001) enabledgstsl to unravel extremely intricate
relationships between environmental and bioticaldds and to analyse the ecological dynamics
of the complex natural habitats.

A potential SOM application to modelling Sabah’'spical rain forest biodiversity
regeneration using Dipterocarp-Gaint Fig lifecyidgresented. The main issues in analysing
the pair’s lifecycle are initially outlined in theext section. Following this, based on measures
taken by earlier Sabah forest ecosystem modekefamework adapted for investigating the
potentials of dipterocarp-giant fig lifecycle asiadicator of the forest biodiversity regeneration
is elaborated upon. The final section gives tlteairresults of the SOM application investigated
with Mahua forest data so far collected.

2. SOMs in population dynamics modelling

SOM applications to modelling the population dymesrof forest (Giraudel and Lek 2001)
and freshwater (Ce're’ghino et al. 2001) using isgedata produced useful results and are
outlined in this section.

The analysts of the former described the SOM dlgoras a valuable tool for exploratory
analysis of species data in ecology. It is desdito be complementing the existing classical
techniques hence a useful approach for similaiesugith multidimensional data sets.

In the latter, SOMs were successfully appliedltstering the freshwater (stream) species
data which enhanced the visualisation of commupdtterning within the data. This in turn
enabled the analysts to identify the regional iigtron of 283 lotic macroinvertebrates within
the data that consisted of four insect orders (Ewneptera, Plecoptera, Trichoptera, Coleoptera
= EPTC) collected from the Adour-Garonne drainagsitb of Southwest France, an area of
116,000 kmA. The aim of the research was to provide a strelassification based on their
characteristic species assemblages using the eocerof these species at 252 sampling sites.
SOMs were found to be useful in projecting thistirdimensional data set onto two dimensional
(U-matrix) displays for easy visualisation of tmgut vectors with its topology preserved. The
SOM displays were found to be useful in identifyitige characteristic EPTC distribution
underlying the spatial distribution within the radata, which had no location information
included. In this application, SOMs provided a me#o analyse the data with four orders
(EPTC), covering a relatively larger region thahsigted of high mountainous to plain and
coastal areas whereas, previous studies had bedimexb to a single taxonomic group (one
insect order) and within a single valley or mountalhe study also stated that the SOM
classification of EPTC distribution could be exteddo detect environmental changes in the
region.

Meanwhile, (Shanmuganathan et al. 2001, 2002, 20032004) used SOM techniques for
analysing environmental impact data. The publicetidlustrated how SOMs could be best
applied to visualise results and their causal @see. The papers detailed on how environmental,
social and economic conditions of extremely compleighly diverse and dynamic habitats
represented by measurable variable data could lmelied within an ecosystem framework
using SOM techniques.

Modelling Patterns in Environmental Data (MOPEDREes SOM technigues to mapping
patterns in freshwater system data, such as fishiep distribution and altitude of freshwater
systems. Once a mapping is established usingrtbamation gained through the mapping, the
system could predict the biological assemblagesstiauld be present in certain streams (Jowett
2001).

In view of the above SOM applications, the apphoecbeing investigated for modelling
Southeast Asia’s forest biodiversity regeneratisimg Dipterocarp-Giant Fig associations as an
indicator and the next section gives details ofitivestigation.
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3. Dipterocarp of the Southeast Asia
The dominant element of the tropical tree floraotlywhout the Southeast Asia is
Dipterocarpaceagwhich is recognised in five main phytogeographpzats, namely,

1) Malesia (Peninsular Malaysia, Sumatra, Javessée Sunda Islands, Borneo, the
Philippines, Sulawesi, Moluccas, New-Guinea and3aknons),

2) Mainland Southeast Asia (Myanmar, Thailand, Kaohea, Laos and Vietnam),
3) South Asia (India, Andaman Islands, BanglageshNepal),

4) SriLanka and

5) Seychelles Islands (fig. 1).

Endemism of dipterocarps in Borneo is high amogntinmore than 150 of the recorded 265
species (Whitmore et. al 1996; WWF Malaysia 206&nce their contribution to the tropical
rain forest biodiversity is significant. The tropl lowland dipterocarp and evergreen forests
represent the unprecedented level of biodiversitgined through evolution spanning millions
of years (50-100). These forests consist of hiathe world’s extant species and the different
dipterocarp forest ecosystems of Southeast Asia shdations in their surrounding tree species
composition as well (Schulte and Schone 1996);elame the facts that exist in documented
research.

On the other hand, anecdotal observations on Satatpical rain forests in Malaysia,
suggest that dipterocarp-giant fig lifecycle aslewfve of the whole forest ecosystem
biodiversity regeneration. This research projs@imed at devising a method for investigating
this fact by modelling the dipterocarp-giant figustis at different stages along with the hard
wood tree species surrounding the stands to gkeri is any correlation between surrounding
tree species and the stand stages. The dipterg@apfig lifecycle is something that ecologists
as well as nature lovers find intriguing. Initiglthe host specific giant fig seeds (dispersed by
bird droppings) germinate and establish themseatvedipterocarp trees and once established
well, end up strangling their host trees. Ultinhgtat the later stages, the epiphyte produces its
own roots and branches completely destroying thiedhcarp tree leaving a hollow in the centre
of the structure (figure 2).
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Figure 1. Map of the Southeast Asia showing the five phetmgaphical parts recognised of
Dipterocarpaceadlistribution. Source; (Schulte and Schone 1996:4)

23




Canadian Journal on Data, Information and Knowledge Engineedhd WNo. 1, April 2010

4. Issues and measures in modelling Dipterocarp-Gia Fig
There are several major issues in scientificalljdeging the concept. They are;

1) the Dipterecarp-Giant Fig lifecycle spans sevesdadies to centuries hence poses a major
limitation to ecologists who intend to model thélicycle of such pairs. By analysing
dipterocarp-fig pairs of different stages (figudettds could be overcome.

2) Another major issue is that modelling the surrongdree composition of such stands within
Sabah’s rain forest cannot be performed using autitv@al multivariate ecological data
analysis methods. Hence, an explorative data sisaBpproach with Kohonen's SOM
methods is used to investigate into the patterritmag could lead to devising a more
conventional stand-surrounding species analysidM$@re proven to be excellent tools in
projecting multidimensional data sets onto low digienal displays while preserving many
of the original attributes in the raw data. Fotaile of SOM applications to population
dynamics modelling see section 2 SOMs in populadigmamics modelling.

a: Giant fig- when epiphytic on dipterocarp

b: Giant fig with network like roots beginning to strangle
the host (dipterocarp tree)

c: Dipterocarp & Giant fig the
strangler (600 yrs old)

d & e: Giant fig with a hollow in
the middle

Figure 2 a-e: Dipterocarp—Giant Fig life cycle
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3) The different flowering patterns of dipterocarp @pe and the giant fig (the former with
“erratic mast” meaning once in several years agutar intervals and the latter annually)
greatly influence the vegetation and other indgiad, wild animal life (primate, bear species),
and even trees surrounding dipterocarp standsmatily affecting the whole forest
ecosystem composition. This means the forest gmabdynamics greatly depends on the
Dipterocarp-Giant Fig associations hence makingntlas an ideal indicator of the forest
biodiversity regeneration. However, studying theole flora and fauna of the whole forest
would be a massive task. Therefore, initially thoeal flora biodiversity surrounding
dipterocarp-Giant Fig stands that are represemtaiivthe whole forest area is studied by
analysing the number and count of such stand coimpospecies.

4) There are many well established measurable paessthat describe a tree’s growth. Using
all of the parameters for modelling is cumbersomenewith SOM techniques. Hence, the
parameters that best describe the surroundingctmeposition and their growth are chosen.
Tree growth parameters generally used in forestetltiog studies are selected and are
discussed here onwards. In DIPSIM or Dipterocarpustion (Ong and Kleine 1996), an
individual tree growth model, authors used foresentory data, such as diameter growth,
mortality and recruitment along with a harvestingdule (with stocking assessment, tree
removal and harvesting damage data) to predictréees annual growth in terms of stem
numbers, volume and basal area. The four factarsidered as accountable in influencing the
tree’s growth in DIPSIM were; species, tree si#te, sondition and competition. Based on
these studies the following parameters on diptepgant fig stands of different stages and
their surrounding stand composition are chosen dpalysis using Kohonen's SOM
techniques to gain insights into this tropical ri@rest biodiversity regeneration within Sabah
and the effects of local and global variations o forest analysed:

1 GPS co-ordinates of stands
2 photos aerial, lateral
3 stand information of Dip/Fig
a) age
b) height
c) diameter
d) canopy colour/ shape
4 other species > 10 cm dbh
a) Count
b) Cover
c) Abundance
d) Distance from dipterocarp/fig stand
5 Landscape
a) To be obtained from GIS
b) hydrology
c) Topology
d) Soil, climate and global variations
6 “Landsat” satellite images
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Information on local and global variations would drawn from standard GISs to model their
effects on the forest ecological dynamics. By niagphis stand and composition data onto
satellite images the concept of dipterocarp-gigninticator potentials to model the whole forest
ecological dynamics could then be investigatedaeddr scales using image pattern matching
techniques on the images.

Initial results and discussion

So far trees over 10 cm (at breast height) withjpaet of a single 2 hectare plot have been
countered. The plot coordinates are GPS Centre Rig50 47’ 58.4” E 1160 24’ 15.8” and
altitude 1110 m. Within this area there are adi@ubDipterocarp stands, two of them without the
Giant Fig. The list and total species (classiiigd families) of the 16 Dipterocarp- Giant Fig
stand composition (within 25 m radius) are givethia figures 3a & b).
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Figure 3a :List of tree species (classified basethe families they belong to in the general plat
taxonomy) surrounding Dipterocarp-Giant Fig staatistage SO — S3 (S0: no Fig, S1: with no
roots (epiphytic), S2: with one root/ more rootsl &8: Host (Diptercarp) somewhat dead, S4:
Collapsed Dipterocarp, Giant Fig tree with est&lgisroots. In the plot, there are 16 Diptercarp
Giant Fig pairs at various stages, they are St®d5 (S0), Stand id 137 (S1), Stand id 8, 9, 18,
20, 117, 152, 188, 215, 228, 233, 328, 346 (S2ndtd 1 (S3) and no Stand at stage 4 (S4).
Please note that SO has higher number of treeesprom family Cyperaceae and Lythraceae in
the stand composition. Meanwhile, family Cypera&cedal is very low or none at S3 stage.
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Figure 3b: Graph showing the Dipterocarp-Giantstand composition (within in 25 m radius)
at different stages (S0-S3, no stands at S4) agrslmoFigure 3a.

Even though Lauraceae and Clusiaceae show coomdatvith the Dipterocarp-Giant Fig pair
stages (SO_S3) more plots have to be includeduwatiter analysis is warranted before arriving at
any conclusions with regards to the use of the (@aidifferent stages) as an indicator of plant
biodiversity regeneration.

A SOM was created using a software package prodbge&udapics (Viscovery), special
purpose data mining software. The SOM results stiat the difference within the 3 clusters
that consist of Dipterocarp-Giant Fig pairs (affedent stages) grouped based on the their
surrounding plant tree composition. The variatiansong the clusters (C1-C3) are distinct and
can be used for characterising the stages basttte@tand composition (figures 4 a-c).
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Figure 4 a (top left): SOM created with the plaarnfly totals (trees clarified into families as per
plant taxonomy), around the 16 Dipterocarp-Giamf $tands at SO-S3 stages. b (top right):
SOM components showing the main plant families gfaiw distinct variations in their total
numbers which could be due to the influence ofDigerocarp-Giant Fig. ¢ (bottom): Graph
showing the C1-C3 cluster profiles that reflectriagority of the plant families observed around
the Dipterocarp-Giant Fig stands.
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Conclusion

Dipterocarpaceae, the dominant element of thedabfiora and fauna thought out the Southeast
Asia and its contribution to biodiversity regenaratis significant especially to nations in the
region as well our global ecosystem, this has beesaled in the literature reviewed. However,
the intriguing Dipterocarp-Giant Fig life cycle thaeflects the whole forest ecosystem
biodiversity regeneration is yet to be scientifigaferified and the paper investigated the use of
SOM approaches for this purpose. SOM approachaswed for the study revealed their
successful application to complex habitat modellswch as coastal (inter and subtidal), forest
and freshwater fish species assemblages within eosystem framework. The 16
dipterocarp-giant fig stands and their stand comtipos(plant species within 25 m of the stand)
show that there are some observable charactensiiics) the data so far collected within the 2
hectare plot from Mahua. However, more data amstgdistical analysis are required to verify
the indicator ability of dipterocarp-giant fig lifeycle with regards to be plant biodiversity
regeneration in Southeast Asia.
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