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Executive Summary MCRCP — Pulau Payar Report

EXECUTIVE SUMMARY

Development in Malaysiais concentrated in the coastal zone that places direct threats on
the coral reef and shallow tropical marine ecosystems that the country relies on for much
of its revenue generation.

These threats have been acknowledged by the Maaysia Government who established a
number of Marine Parks under the Department of Fisheries to facilitate the sustainable
use of the resources. In 2004 Coral Cay Conservation were invited to conduct a series of
surveys on such a Marine Park; Pulau Payar in the west coast state of Kedah on
Peninsular Maaysia.

One hundred and forty six point intercept transects were conducted around the Pulau
Payar Marine Park to assess the composition of the benthic communities. Additionaly,
belt transects were also undertaken at these survey sites to assess the abundance of fish
and motile invertebrates.

The data collected has been used to identify seven discrete habitat types that are key to
the ecological functioning of the cora reef systems. Of these seven habitat types, three
are shallow reef crest habitats found on the upper transect surveys and four are found on
the mid and lower reef dope. Reefd development around Pulau Payar was found to be
restricted to shallow waters on average above 14 meters deep.

Signs of impacts are presented in the data; fishing activities are ill present within the
Marine Park and areas in which development has occurred such as around the Marine
Park Centre which receives thousands of visitors annualy show signs of human impact
such as solid waste pollution

Threats identified include an increase in suspended sediment concentrations, increased
solid waste pollution and possible signs of nutrient elevation around the developments, as
well as direct damage to the marine resources in areas used intensively for recrestional
activities.

Comparison between the data presented in this report and a previous study in 1998 shows
that at comparable survey sites, there has been a significant loss in live hard coral cover.
In tandem with this loss there has been a significant increase in abiotic or non-living
cover of especidly rubble, the erosive derivative of cora skeletons. Whilst the cause of
this impact has not been directly identified by this study as it occurred outside of the
study period, it is indicative of the impacts within the Marine Park and forms an evidence
base illustrating the necessity for strong management of the natural resource.

Plans for a collaborative venture between CCC, Marine Parks and Malaysian Centre for
Geogetial Data Infrastructure (MaCGDI) are currently being discussed. These plans
involve the provision of a fully integrated GIS system that will use the data presented in
this report.

This GIS will alow improved management planning through the identification of key
management areas in which development needs to be tightly controlled as well as more
general use zones in which development can be controlled through proper mitigation
initiatives.

Prepared by Coral Cay Conservation 1
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Introduction MCRCP — Pulau Payar Report

1. INTRODUCTION
1.1  Project Background

Mdaysa is one of the mog affluent countries in the South-East Ada region. Its growth
has been assged to an extent by its abundant and rich cora reef and shdlow tropica
maine resources. Madaysa enjoys benefits from the worlds most ragpidly growing
industry; tourism. Tourism currently generates 11% of the Globad Gross Domestic Project
and is forecast to continue to grow with a predicted 1400 million internationd travellers
globdly by 2020 (Chrigt et al., 2003).

Much of the development that is occurring in Maaysa is concentrated into the narrow
coadtd zone, making this a key aea in the issues dffecting the sudanability of this
development. The coastd zone environments, including cord reefs, are exposed to a suite
of anthropogenic impacts and thrests. These include, though ae not limited to,
overfishing, sedimentation, eutrophication and pollution which dl result in  habitat
degradation or loss. This coasta zone is, however, not limited to the maritime areas of the
mainland, but ingtead extends to cover the multitude of idands and idets that are dotted
around both East and West Mdaysa

The Fisheries Act of 1985 in Madaysa enabled the establishment of Marine Paks and
Reserves to help limit some of these aforementioned impacts on the fragile and unique
coastal zone environments of Mdaysa, and to promote the objectives of conservation,
education and recrestion.

Although excdlent summaries ae avaladle for the datus of the reefs throughout
Maaysa (see Ridzwan, 1994), quantitative data for the marine parks of the east coast of
Peninsula Mdaysa are limited. Previous dudies that have been conducted in this area
include the DoFM and WWF-Madaysa collaborative surveys in 1994 (Aikanathan and
Wong, 1994) and the surveys undertaken by Lim and Spring (1997). In 2000, WWF
Maaysa undertook a series of surveys to update WWFMaaysd's Biodiversty Report
for the Tioman archipdago (Hendry, 2000). Later in the same year CCC undertook a
rapid assessment of reef hedth, datus and biodiversty a 17 Stes aong the east coast
between Pulau Redang and P. Tinggi (Harborne et al., 2000).

Founded in 1986, CCC is dedicated to ‘providing resources to protect livelihoods and
alleviate poverty through the protection, restoration and sustainable use of coral reefsand
tropical forests in collaboration with government and nongovernmental organisations
within a host country. CCC does not charge the host country for the services it provides and
is primarily sdf-financed through a pioneering volunteer participatory scheme whereby
internationa volunteers are given the opportunity to join a phase of each project in return for
a financial contribution towards the project costs. Upon arrival a a project Site, volunteers
undergo a traning programme in maine life identification and underwater survey
techniques, under the guidance of qudified project scientids, prior to assgting in the
acquidtion of data Finances generated from the volunteer programme dlow CCC to
provide a range of savices, incuding daa acquidtion, assmilation and synthess,

Prepared by Coral Cay Conservation 1.
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consarvation education, technical sills training and other capecity building programmes.
CCC is asociated with the Coral Cay Conservation Trugt (the only British-based charity
dedicated to protecting cord reefs) and the USA-based Cord Cay Conservation
Foundation.

Effective coagtd zone management, including the conservation of cora reefs, requires a
holigic and multi-sectoral approach, which is often a highly technicd and costly process
and one that many developing countries cannot adequatdly afford. With appropriate
traning, nonsdentificaly traned, sdf-financing volunteer divers have been able to
provide useful data for coastd zone management at little or no cost to the host country
(Hunter and Maragos, 1992; Mumby et al., 1995; Wedls, 1995; Darwall and Dulvy, 1996;
Erdmann et al., 1997; Harding et al., 2003; Harborne et al., In press). This gpproach has
been pioneered and successfully applied by Coral Cay Conservation (CCC) since 1986.

Following a preparatory mission in May 2001 and project launch in March 2002, Cord
Cay Conservaion (CCC) and the Marine Parks Section of the Mdaysan Department of
Fisheries implemented a sx-month pilot project in the Perhentian Idands in 2003. The
pilot phase of the Maaysa Reefs and Idands Conservation Project (MCRCP), between
March and August 2003, amed to provide basc data on the marine resources of the
Perhentian Idands and ther datus. Subject to evauation of the outputs from this pilot
project by Government and other stakeholders, the objective is for CCC to establish a
more long-term presence on the east coast of Peninsula Mdaysa in order to provide
detailed biological assessment and monitoring data, dong with training, capacity building
and environmental education work.

1.2  Pulau Payar Marine Park

The Pulau Payar Marine Park is Stuated off the state of Kedah, between Pulau Langkawi
and Pulau Penang (Figure 1.1). The Marine Park is commonly accessed through the ports
a Kuaa Kedah, Pulau Langkawi and Pulau Pinang, each of which are 15, 19 and 32
nautica miles respectively (Lim, 1998).

There are four Idands within the jurisdictiond aea of the Maine Pak (Figure 1.2);
Pulau Payar is the largest with an area of (2.9 km?) hectares and an approximate length of
1.6 km. The remaining Idands in order of decreasng land area are, with ther aress in
b:;a?ckets Pulau Lembu (0.67 knf), Pulau Segantang (0.15 knf) and Pulau Kaca (0.01
knt).

Prepared by Coral Cay Conservation 2.
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Figure 1.1 The West coast of Peninsular Maaysia incorporating Pulau Penang, Langkawi
and Payar Marine Park in relation to the urban area of Kualah Kedah.
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1.3 Proect Aims

Of the sudies mentioned earlier, the most recent one conducted by Cora Cay
Consarvation in 2000 did not survey the cord reefs on the West coast of Peninsular
Mdaysa Consequently very little recent information exids on the datus, hedth and
biodiversty of the cord reefsin the idand group

The ams and objectives of MCRCP are to provide a basdine information set on the
condition and status of the cora reefs around the Pulau Payar Marine Park in 2004 (see
Table 1.1 bdow). The information collected can then be used to fadilitate locd planning
activities by being a source of data on the spatiad didribution and ecologica vdue of
discrete areas within the Marine Park. The data presented needs to be in a readily
accessble format for use in the support of further studies and documents such as
Environmenta Impact Assessments. It should dso enable future tempord comparison by
forming a basdline data set of the condition and Status of reef resources in the Pulau Payar
Marine Park in 2004. In addition, the management recommendations made will provide a
framework aound which more generd management initiatives can be congructed.
Findly, throughout the course of the PFilot Phase of the Mdaysa Reef and Idands
Conservation Project, in-country capacity building will be a key facet of the work
conducted.

Table1.1. Main ams, objectives and anticipated outputs of the Pulau Payar phase of the
Malaysia Coral Reef Conservation Project.

AIM OBJECTIVE ANTICIPATED OUTPUTS

2 Resource ©® Undertake an initial scientific survey of Initial baseline database.
assessment. target coral reefs. Description of reef habitat

® Conduct preliminary human impact types.
assessment studies. Documentation of gross
©  Establish abaseline database. anthropogenic impacts.
® Provide preliminary management tools and Conservation management
recommendations. rating map.
Preliminary  management
recommendations.

9 Traning and Provide scientific and SCUBA training for Increased awareness
conservation CCC volunteersand local counterparts. amongst local
education. ® Heighten awareness of marine resources, communities.

their use and protection.
© Begin to develop a sense of community
stewardship in managing the coastal zone.
Prepared by Coral Cay Conservation 5.
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2. M ETHODS
21  Volunteer training

Efficdent and effective training is a vitd component of any volunteer programme in order
that participants quickly gain the required identification and survey <kills that alow them
to collect accurate and useful data. During the MCRCP, CCC used an intensive 12-day
traning programme, plus one day of vdidaion, which is outlined in Table 21. The
programme was dedgned to provide volunteers, who may have no biologica
knowledge, with the skills necessary to collect useful and reliable data. The primary am
of the lecture programme was to give volunteers the ability to discern the specific
identification characterisics and relevant biologica attributes of the target organiams
they would encounter during diving surveys. The traning programme was co-ordinated
by the Project Scientist (PS) and Science Officer (SO) and involved two lectures and
two dives or snorkes each day dong with de-briefings and evening audio-visud
presentations. Volunteers were dso encouraged to snorkel and utilise identification
guides to ensure a thorough understanding of the information provided in the lectures.

An important component of the training schedule was a series of testing procedures to
ensure that each volunteer had reached a minimum acceptable standard. Hence the
training programme concluded with a series of tests, which ensured that the volunteers
had reached an acceptable standard of knowledge. These tests used both ‘flash-cards
and in-water identification exercises for cords and fish. Furthermore, to assess the
quaity of data collected by CCC volunteers during actual survey work, two validation
exercises were undertaken. The benthic validation exercise used a test transect survey
st up and thoroughly surveyed by the PS and SO to collate a reference data set. During
Phase 1, test transects were conducted in buddy pairs with one person recording cora
and the other soft cords, invertebrates and agae (as performed by Divers 3 and 4 during
surveys, Section 2.3). Data were then transferred to recording forms and entered into a
gpreadsheet where the results from each pair were compared to the reference using the
Bray- Curtis smilarity coefficient (Equetion 1; Bray and Curtis, 1957).

Equation 1:

p

£ u
i‘;‘inj' Xik|@
- U

Bray - Curtis Sim ilarity, Sjk = P @ Ny o
a Lo+ X, 2
=17 ij L

a D D> D> D
=

Where X;; is the abundance of the ith species in the jth sample and where there are p species
overdl.

Since it is impossble to compare volunteer fish data to a reference, vaidation of fish
surveys were conducted by measuring the consstency between pairs of surveyors. It is
then assumed tha if surveyors are consstent they are dso accurate. Therefore, both
divers within a buddy par independently survey the whole fish lig and each surveyor
fills out their own survey form and enters it onto a oreadshest. As with the benthic
vdidation, the pars of results were compared usng the Bray-Curtis sSmilarity
coefficient. These assessments were smilar to the critical assessment conducted by
CCC in Bdize in 1993 to test the accuracy of volunteer divers conducting basdine
transect surveys(Mumby et al., 1995).

Prepared by Coral Cay Conservation 6.



M ethods

MCRCP — Pulau Payar Report

Table 2.1.

CCC <kills Development Programme timetable for CCC volunteers during the MCRCP.

Day +1 (Tue) Day +2 Day +3 (Thu) Day +4 Day +5 Day +6 (Sun) | Day +7 (Mon) | Day +8 (Tue) Day +9 (Wed) Day +10 Day +11 (Fri)
(Wed) (Fri) (Sat) (Thu) No Diving
No diving No diving
Transfer Lecture 2 Lecture 3 Review Lecture 6i | Lecture 11i [ Lecture 11iii | Lecture 13 Lecture 15 Lecture 17 Review
New vols (i.e. trained | »Dangerous » Intro to | »ID — | »Hard » Fish »Fish ID —| »Invert. ID »Inro to CCC » CCC data »ID — hard &
scuba  divers) to [ animals! coral reef | coral, fish, | coral ID — | families and | target species Reef Survey validation soft corals
Castaway Safety briefs | ecology inverts & | targetgrps | species ID Practical Practical Technique
Survey dive » PADI MFA: Practical algae Practical »Fish ID —| »Invert. ID Practical
(Trained Volunteers | Ac mods 1+2 | »Reef Practical »Fish ID - | target species | (scuba-18m) »CCC Reef Skills (a) Skills
only - see note 2) » O, therapy | orientation ID skills » Hard Families (scuba-18m) Survey methods refresher validation
»PADI tables | (scuba-18m) valuatio coral ID | (18m) Review Review (dry run) » Benthic »Coral trail
Orientation & quiz (OW % (scuba- Review »Fish ID —| »Invert. ID »CCC Reef | validation (Snorkel)
»Welcome & tour of | mods 4+5) aloae 18m) »Fish ID - | target species Survey methods | (scuba-18m)
s | facilities »CCC dive (s?i des & Lecture 6ii | Families practice (scuba-
< | »Expediton life & | standards | » Hard 18m)
¥ | duties »Radiouse | » PADI Sflnr:\r/]eertss) g | coralD Review
»General health & | »Emergency | AOWD algae »CCC Reef
safety procedures Training (sngrkel) Survey technique
»CCC rules & | »Boat safety | Elective Dive
regulations » Boat 3 (18m)
marshalling
Practical » Use of boat
» Scuba kit allocation safety kit
»PADI AOW Elective
Dive: PPB (6m) with
new diver volunteers
Safety briefs Lecture 10 Lecture 4 Practical Lecture 7 | Lecture 11ii Practical Review Lecture 16 Review
» PADI RD: » Marine » Intro to | revision »Softcoral | »Fish ID — | »Fish ID — | »ID —coral, | »Intro to CCC Skills » D —fish
Ac mods 1+2 plants & | hard coral [ » ID —all | and target species | target species | fish, inverts & | Reef Survey validation Skills
Practical algae biology fauna and | sponge ID Practical (scuba-18m) | algae forms, habitat [ »Coral trail validation
»PADI RD: OW exc. 1 Practical Practical flora Practical »Fish ID - Review Practical classifications and | (scuba-16m) » Fish
s | (surface only) » Marine »ID - coral | (snorkel) »Hard/soft | target species | »Fish ID — | »ID — coral, | use of Abundance (Snorkel)
o [ »OWexc.2 (3m) plants & | life forms coral ID | (16m) target species | fish, inverts & | Scales
N algae ID | (scuba- 16m) (scuba - Review algae (scuba- Practical Review
(snorkel) Review 16m) »Fish ID - 16m) » Practice survey » Validation
» Specimen »Coral life Review target species Self-revision | (scuba-16m) assessment
ID — | forms » Hard/soft »ID - coral, »Data entry onto
reference coral ID fish, inverts & | CCC forms
collections algae
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Table 2.1. (Continued).

CCC <kills Development Programme timetable for CCC volunteers during the MCRCP.

Lecture 1 Review quiz Lecture5 Lecture 8 Review Review ID skills Safety brief ID skills ID skills
» Malaysia » CCC health | »Coral »Intro to | »Coral & fish [ »Coral, fish [ evaluation » Night-diving evaluation evaluation
Review & safety | biology and fish ID (pictionary) | and algae ID | »Corals procedures » Fish » Re-takes (if
» Expedition Skills | regulations taxonomy ecology & [ Lecture 12 | (pictionary) Lecture 14 Practical (slides) required)
w | Training schedule »CCC dive behaviour »Ropes & Review »CCC data: | »Optional night- Lecture 18
ﬁ standards Lecture 9 | knots » GPS & | analysis & | dive (12m) » Other
» Emergency »Intro to knots use survey
procedures GPS methods
»Local
culture &
customs
Day +12 (Sat) Day +13 (Sun) Day +14
(Mon)
Skills validation
Retakes if required | practice CCC Reef Survey | Data collation — practice
(fish or coral) dive CCC Reef Survey dive
<§( shore dive/boat dive Validation retake if
) review required
Coral and soft coral | Followed by
ID Data entry ID_skills evaluation if
required
Practice CCC Reef | Practice CCC Reef Survey - | Practice CCC  Reef
Survey dive from shore/boat dive Survey dive
boat
Followed by Validation retake if
Data entry required
s Lecture 19
o »Data entry to CCC | PADI MFA* Graduation!
U computer database — | »Mods 3+4 Congratulations on
(groups of 4) completing the CCC Skills
Development Programme
PADI MFA*
» Mods 5+6
Lecture 20 Lecture 21
w » Marine reserves » mangrove ecology
o retakes of ID skills if | retakes of ID skills if
required required
Prepared by Coral Cay Conservation 8.
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2.2  Survey strategy

The survey drategy focused on gathering detalled data from a wide range of
geographical locations. The main am was to generate data from a broad range of
habitat types that represent most reef types of the area and hence provide a thorough
overview of al of the marine resources that are found around the idand.

2.2.1 The Concept of ‘Survey Sites

During the Pulau Payar phase of the MCRCP, CCC volunteers collected data from a
series of ‘survey stes, which correspond to a particular idand's reef or part of a resf,
depending on reefd area. These survey dtes are illudrated in Figure 2.1. Surveys at
each dte generate a dandardised data set that will facilitate characterisation of each
aea and dso dlow powerful comparisons at a range of paid scaes. Sites were
chosen to represent: (1) popular diving aress, (2) the ‘best’ reefs of the project areg;
(3) the ‘worst’ reefs of the project area; (4) a range of reef (and hence habitat) types.
Ste sdection was based on a combination of existing deata, locad information (eg.
dive resorts), local biologists and initid assessments (e.g. snorkdling).

The standard CCC Survey Technique transects were surveyed to provide genera data
on each habitat type present. The exact number of transects & each dte varied,
depending on the topography of the reef (e.g. fewer transects a those Stes with a wide
or deep reef profile), but usually numbered between 3 and 20, depending on the scae
and sze of each survey dte.

Prepared by Coral Cay Conservation 0.
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Figure2.1.  Location of the survey sectors delineated for purposes of data collection, analysis and reporting in this document. Two-character code refers
to database codes assigned to identify each area.
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2.3 Basdinetransect technique

The surveys of Payar Idand during the Maaysa Cora Reef Conservation Project
(MCRCP) utilised a point intercept transect technique developed by CCC for the rapid
asessment of biologicad and physcd characteridics of reef communities by trained
volunteer divers. Following an intengve traning programme, CCC's techniques have
been shown to generate precise and consistent data appropriate for basdine mapping
(Mumby et al., 1995). All surveys were co-ordinated by the PS and SO to ensure
accurate and efficient data collection.

The technique employed involved the deployment of a 50 meter transect line dong
the reef depth contour. Two survey lines were lad; the shdlow transect a a depth
between 2 and 6 meters and a deep line between 8 and 14 meters. Along these lines,
three survey divers conducted the survey.

The first of these divers recorded the substrate or biological cover a each meter point
aong the line. Subgtrate and biologica cover categories are shown in table 2.2 below.

Additiondly, if the biologicd cover was deemed to be one of the target species of
organisms sdected by CCC to be of important ecologica, commercid or scientific
importance, its presence was aso recorded a each survey point. The target species of
sessle organigms, mobile invertebrates and fish are given in gppendix 1. Collecting
the data in this manner alows a quantitative assessment of both the biotic and abiotic
components of the cora reef system to be undertaken.
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Table2.2 Life form categories used by CCC survey divers along point intercept transects
during the MCRCP Pulau Payar survey program

Varigble Description
Bedrock

Sand

Mud

Dead Cora & Algae

Dead Corad

Rubble

Cyano-Bacteria:
Chlorophyta:
Phaeophyta:
Rhodophyta:

Sea Grass

Mangroves

Molluscs

Tunicates

Bryozoans

Porifera:

Soft Coral Forms

Other Cnidarians
Acropora branching
Acroporaencrusting
Acropora sub-massive
Acroporadigitate
Acropora tabulate
Non-Acropora branching
Non-Acroporaencrusting
Non-Acroporafoliose
Non-Acropora massive
Non-Acropora sub-massive
Non-Acropora mushroom
Fire cora (Milleporidae)
Blue cora (Helioporidag)
Organ Pipe cora (Tubipora)

Substrates

Algae and Angiosperms

Invertebrates

LiveHard Cord

The second diver was responsible for recording the numbers of individuas of mobile
invertebrates to be found two and a haf meters ether sde of the transect line. The
aurvey effort of the invertebrate survey diver was it into two contiguous twenty-
five meter sections dong the fifty-meter line.

The find survey diver recorded the absolute number of fish individuds seen one
meter either dde of the transect line and in a arc of two meter radius above the
transect line Agan, the survey effort of the fish diver was divided into two
contiguous twenty-five meter sections dong the 50-meter line. All fish were identified
to family levd and ther abundance recorded. An additiona list of target gpecies were
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adso taught to the survey divers and their abundance was recorded aong the transect
line

Information on the depth of the transect line, together with its compass bearing were
recorded by the divers underwater. Using a buoy to the surface, the GPS pogtion of
the start and end point of the transect were recorded from on-board the surface cover
boat usng a handhed GPS unit. This unit was set to record data in Universa
Transverse Mercator on a WGS-84 datum that is subsequently used in dl mapping
and GIS outputs.

Following the dive, dl survey data was transferred to recording sheets before being
entered into a MS Access database edtablished specificdly for the project. This
database was in turn linked to a fully compliant Geographic Information System
(GI9), dlowing fast and accurate assessment of the field data.

During the course of each survey, certain oceanographic data and observations on
obvious anthropogenic impacts and activities were recorded a depth by the divers and
from the surface support vessd. Water temperature readings (x0.5°C) were taken
from the survey boat usng a bulb thermometer a the sea surface. The survey team
aso took the temperature a the maximum survey depth (i.e a the dart of the survey).
Similaly, the sdinity was recorded usng a hydrometer and a water sample taken
from both the surface and the maximum survey depth. Water vishility, a surrogate of
turbidity (sediment load), was measured both verticaly and horizontadly. A secchi
disc was used on the survey boat to measure vertica vighility through the water
column (Figure 2.2). Secchi disc readings were not taken where the water was too
ghdlow to obtain a true reading. Horizontal vighility through the water column was
measured by divers estimates while underwater. Survey divers quditatively assessed
the strength and direction of the current a each survey sSte. Direction was recorded as
one of eight compass points (direction current was flowing towards) and strength was
asessed as being ‘None, ‘Week’, ‘Medium’ or ‘Strong’. Similarly, volunteers on the
survey boa quditatively assessed the drength and direction of the wind at each
survey dte. Direction was recorded as one of eight compass points (direction wind
was blowing from) and drength was assessed usng the Beaufort scde
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Figure2.2.  The use of a secchi disc to assesses vertical water clarity. The secchi disc is
lowered into the water until the black and white quarters are no longer
distinguishable. The length of rope from the surveyor to the disc is then
recorded. Source: English et al. (1997).

Natural and anthropogenic impacts were assessed both a the surface from the survey
boat and by divers during each survey. Surface impacts were classfied as ‘litter’,
‘sawage, ‘driftwood’, ‘ageg, ‘fishing nets and ‘other’. Sub-surface impacts were
categorised as ‘litter’, ‘sewage’, ‘cord damage, ‘lines and nets, ‘sedimentation’,
‘cord diseasg, ‘cord bleaching’, ‘fish trgps, ‘dynamite fishing’, ‘cyanide fishing
and ‘other’. All information was assessed as present /absent and then converted to
binary data for anayss. Any boats seen during a survey were recorded, dong with
information on the number of occupants and its activity. The activity of each boat was
caegorised as ‘diving, ‘fishing, ‘plessuré or ‘commercid’. Findly the divers
recorded a generd impresson of the dte during each survey. These ratings were
completed for biologicd (eg. benthic and fish community diversty and abundance)
and aesthetic (e.g. topography) parameters. Both parameters were ranked from a scale
of 5 (excdlent), 4 (very good), 3 (good), 2 (average) or 1 (poor).

24  Dataanalyss
241 Baselinedata

Oceanographic, climate and anthropogenic impact data

Data on water temperature, sdinity, vishility, the strength and direction of currents
and wind, naturd and anthropogenic impacts, the presence of boats and the biologica
and aesthetic ratings were summarised graphicaly and via univariate datigtics, dong
with more detailed examinaion of the data usng Anayss of Variance (ANOVA) and
subsequent least dgnificant  difference multiple range tests. Data were either
summarised for the whole project area or for each of the five reef complexes as

appropriate.

Benthic data
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In order to describe the regfd habitats within the project area, benthic and substratum
daa wee andysed usdng multivariae techniques within PRIMER (Plymouth
Routines in Multivariate Ecologicd Research) software (Clarke and Warwick, 1994).
Data from each survey form (which represents a ‘snap-shot’ of the benthic community
from dther pat or dl of a habitat type distinguished by the survey team) are eferred
to as a Site Record. Multivariate andlyss can be used to cluster the Site Records into
severd groups, which represent distinct habitats.

During PRIMER andysds, firdly, the smilarity between benthic assemblages a each
Site Record was measured quantitativdly usng the Bray-Curtis Smilarity coefficient
without data transformation (Equation 1; Bray and Curtis, 1957). This coefficient has
been shown to be a particularly robust measure of ecologicd digance (Fath et al.,
1987).

Agglomerative hierarchicd cduger analyss with group-average sorting was then used
to classfy field data Cluster andysis produces a dendrogram, grouping Site Records
together based on biologicd and subgratum sSmilarities. Site Records that group
together are assumed to conditute a distinct habitat. Characteristic species or substrata
of each class were determined using Similarity Percentage (SSIMPER) andyss (Clarke
1993).

To idetify characteridic featuress SIMPER cdculates the average Bray-Curtis
amilaity between dl pars of intragroup samples (eg. between al Ste Records of
the firg cluster). Since the Bray-Curtis amilarity is the dgebraic sum of contributions
from each species, the average smilarity between Ste Records of the firs cluster can
be expressed in terms of the average contribution from each species. The standard
devidion provides a measure of how consgently a given species contributes to the
amilarity between Ste Records. A good characterigtic species contributes heavily to
intra-habitat amilarity and has a smdl dandard deviaion. The univaiae summay
datisics of median abundance of each species, life form and substratum category
were also used to aid labelling and description of each habitat.

Finaly, the habitat of each Ste Record was combined with the geomorphological
class assigned during the survey to complete the habitat labe. The combination of a
geomorphological class and habitat to produce a habitat labe follows the format
described by Mumby and Harborne (1999).

Fish and invertebrate data

Fish and invertebrate data were summarised graphicdly and via univariate datigics,
dong with more detalled examination of the data usng ANayss Of SMilaity
(ANOSIM, a routine wthin PRIMER). ANOSIM tedts for differences between groups
of community samples, defined a priori, usng randomisation methods on a smilarity
matrix produced by cluster analyss.
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3. RESULTS
3.1 Coral Reef Survey Progress

A totd of one hundred and forty six survey transects were conducted around the Pulau
Payar Marine Park between October 2004 and March 2005. In total adong these lines,
7300 point intercept points were surveyed and 6500 fish and invertebrate observations
were made. The location of CCC basdine surveys completed in Pulau Payar Marine
Park is depicted by Figure 3.1.

All maps reproduced in this report have been digitised from a Landsat ETM+ image
acquired on 17" of January 2002. The coordinate system used is the Universa
Transverse Mercator systlem of which the project ste is within Zone 48 North. Maps
are projected on the World Geodetic System 84 geographic spheroid (WGS34).
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Figure3.1.  Location of start points (red symbols) of Baseline Transects conducted by CCC within the Pulau Payar Marine Park between October 2004
and March 2005. The data collected is presented in this report.
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3.2  Oceanographic data
3.21 Wind speed and Direction

The highest number of recordings made was ‘moderate wind speed and occurred 41
times out of the 112 observations made. The prevailing wind direction was from the
north and north-east, with 38 and 45 of the observations respectively, originating from
the north and north-east. (Figure 3.2).

¢ Weak

® Moderate
Strong
Very Strong

S

Figure3.2. Radar diagram showing the prevailing winds recorded during MCRCP.
Points represent the frequency of occurrence of combinations of wind
direction and strength.

3.2.2 Salinity

The mean sdinity vaue for al depths recorded during the CCC basdine surveys was
28.70 %o (n = 140, SD. = 0.602%0). Overdl there is a trend of incressng sdinity with
increesing depth in the water column, to the maximum depth recorded, 17.9m.
Increased <dinity recordings were found a the water surface with a mean surface
sainity of 28.61%o (n=140, S.D = 0.845%0 ) (Figure 3.3).
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Figure3.3. Mean sdinity recordings for al surveys in the project area in 5m depth

classes throughout the water column.

Horizontal bars represent standard

deviations around the calculated mean. Sample sizes.: Om = 140; 0.1-5m =43;
5.1-10m = 56; 10.1-15m = 36; 15.1-20m = 5.

3.2.3 Water Temperature

A tota of 292 temperature readings were recorded, both at surface and a the depth
where survey was conducted (figure 3.4). The mean total temperature was 29.09°C
(regardless of depth). The temperature at the surface averaged the highest vaue,
29.8°C. A congtant decrease of temperature levels can be observed as depth increases.
Temperature was noted to stabilize deeper than 12.5m. This could be explained by the
presence of athermoclinein some geographica aress.

Temperature °C
28.00 28.50 29.00 29.50 30.00 30.50
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Figure3.4. Mean water temperatures for all surveys in the project areain 5 metre depth

classes throughout the water column. Horizontal bars represent standard
deviations around the calculated means. Sample sizes. 0 m=146; 0.1 —5m=
43:51-10m=59; 10.1-15m=38; 151 —-20=6.
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3.24 Current Strength and Direction

The most frequently observed currents during the MCRCP were classed as wesk by
the survey divers, with 72% (n =100) of the current observations in this category.
These were evenly digtributed between two predominant headings of north/northeast
and south/southwest. Moderate current strength accounted for 26% of observations
that travelled predominately towards the south and west. Strong currents were only
encountered on only 2% of dives and were headed towards the south and southeast.
From the data collected there appears to be a bi-directiond overd| pattern in terms of
the prevaling current direction in the survey aea (Figure 3.5), with the greatest
number of recordings heading south/southwest 38% (n=38) and east/northeast 36%
(n=36). Interestingly, only 1% (n=1) current observation was recorded with a heading
of southeast but this was aso one of the only two strong currents recorded.

¢ \Neak
® Moderate
Strong

Figure3.5. Mean underwater current strength and direction recorded in the Pulau Payar
Marine Park during surveys. Points represent the frequency of occurrence of
combinations of current direction and strength. Symbols represent current
strength from wesak to strong.

3.25 Underwater Visibility

Underwater vishility was observed in two ways during the MCRCP. Firdly the
veticd vighility through the water column was messured with the use of a Secchi
disc as described in the methods section. Dive teams a the deegpest points of the
survey dso edimated horizontal vishility. Whilst the recordings made from these two
meesures are often closdy corrdated, fluctuations in the vighility at different depth
ranges in the water column such as those produced within an area of a thermocline
may cause a dgnificant difference in the readings. Both sets of data are presented
grephicaly in Figures 3.6 and 3.7

Mean verticd vighility of 10.97m (Std Dev = 2.05m) and 10.56m (Std Dev = 2.34m)
were recorded by Secchi disc a stes PS and PT respectively, (Figure 3.6). The dte
with the lowest mean vishility and therefore the highest turbidity was PW with
vertical vishility of 6.93m (Std Dev + 1.28m).
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Figure3.6.  Mean Secchi Disc recordings of vertica visibility in metres (+ S.D.) for each
survey sector
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Figure3.7.  Mean horizontal visbility recordings by divers in metres & S.D.) for each
survey sector.

Mean horizontal vishbility pesked at sectors PT and PS a 12.44m (SD = 2.94) and
12.24m (SD = 2.66) respectively. The poorest horizonta vishility was recorded at
gte PW with vighility recorded at 7.52m (SD £ 1.65).
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3.3  Anthropogenic data
3.3.1 Boat Activity

Both the number and type of boat observed in a surveyed area gives an indication of
the origin of impacts thet may be affecting a cora regf environment. A summary of
observations recorded for boat activity during the MCRCP is presented in Figures
3.8and 3.9. Overdl, 61 boats were observed during 146 visits. The greatest amount of
boat traffic of all sectors, wth an average of 1.72 boats observed within 1 km per visit
(Fig. 3.8) was at Ste PT which corresponds with the location of the main Marine Park
centre. Less than 0.44 boats per visits were observed at the other survey sectors. 55%
of dl observed boats were engaged in tourism activities (pleasure and diving), with
diving accounting for 23% of dghting and plessure, (which includes snorkeling and
swimming) accounting for 33% of boats observed. These were observed at survey
sectors PT and PW which are located on the idand of P. Payar where the Marine Park
centre is located. Commercid boats represented 33% of boats observed and were
located in al survey sectors except PS.

2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40

2

8_08 . — . - : B

PK PL PS PT PW
SURVEY SECTOR

within Survey Sector per visit

Mean number of Boats seen

Figure3.8.  Mean frequency of boat sightings within 1 km of survey sites for each survey
sector.
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Figure3.9.  Percentage boat activity recorded within each survey sector.
Sample sizes, PK n=14, PL n=34, PS n=29, PT n=25, PW n=44.

Fishing vessels were those engaged in fishing a the time of the observetion, i.e. with
onboard personnd activey fishing and not in trangt. Overdl, fishing accounted for
only 11% of dl observed boats (figure 3.9). This low vaue is not surprisng given that
this is a Marine reserve. Fishing boats were only observed in Survey sectors PS and
PL. Within commercid activities were dassfied those fishing boas ariving and
departing the villages and boats used to supply both personnd and provisons sold
locdly to the tourist resorts. Boats observed at survey sector PS were solely
underteking fishing activities and those observed in Survey sector PL were engaged
only in fishing and commercid activities These survey sectors represent P
Sengantang and P. Lembo which are geogrephicdly furthest away from the Marine
Park centre.

3.3.2 Surface and Subsurface | mpacts

Environmental impacts to the surface and sub-surface water environment were
recorded during surveys and have been presented in Figures 310 and 311
respectively. Surface water impacts were observed in dl survey sectors. Litter was the
commonest impact, with recordings in al survey sectors except sector PS. The highest
levels of litter were observed in sector PT, PW and PK where 100% of recordings
rated to litter. Generdly gpesking, the remaning surface water impacts were
digtributed over a smdler spatid range and were found confined to one or two survey
sectors. For example, discarded fishing nets were found only in sectors PS and PL and
driftwood was only found in sector PL. ‘Other’ impacts, such as dead fish and
discarded fishing apparatus were only noted at sector PS. It is encouraging to note that
Sewage and Algae were not recorded at any of the survey sectors.
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Figure 3.10. Percent frequency of the occurrence of surface impacts within each survey
sector.

In comparison to surface impacts, a greater number of sub-surface water impacts were
noted during surveys. Where impacts were present, they tended to occur on a higher
percentage of surveys
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Figure3.11. Percent frequency of occurrence of sub-surface impacts within each survey
sector.

Bleaching was observed in four out of five survey sectors (PL, PS, PT, and PW) as
was coral damage (PK, PL, PT, and PW) and Nets (PK, PS, PT, and PW). ‘Other’
damage, which conssted of rope was only observed a survey sector PT. Litter was
observed at survey sectors PL, PT and PW.
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34  Multivariate Analysis and Habitat Definitions

The following section presents the dendrogram produced by agglomerative hierarcha
cluger andyss as outlined in the methods section (figure 3.12.). Secondly, using the
characteridics of the habitats as defined by SIMPER and univariate andydss, a full
and quantitative description of each habitat identified is presented in table 3.1.

It is hoped that this report, which outlines the multivariate defined habitats found in
the cord reef communities around Pulau Payar Marine Park, will be used to form a
wider resource map of the archipeago. Plans for a collaborative venture between
CCC, Maine Paks and Maaysan Centre for Geospatid Data Infrastructure
(MaCGDI) are, a the time of the writing of this report, being discussed. Collaboration
will dlow the overlaying of the fidd data presented in this report with high-resolution
satellite imagery to produce detailed cord reef resource maps.

3.4.1 Habitat Descriptions

In totd, seven datidticaly discreet habitat types or habitats have been defined from
data collected around the Pulau Payar Marine Park. A quantitative description of each
of these habitats is given in table 3.1. The vaues $own in parenthess in these tables
indicate the mean percentage cover of the variable recorded in the habitat in question.

Habitat one is characterised as being of high compostion of Cordlimorphs and
anemones. This coverage has developed in this area on bedrock and is interspersed
with patchy scleractinian of hard cord cover.

Habitat two is largely dominated by rubble that occupies 45% of the totd area
surveyed and subsequently classfied into this habitat. Despite this, the smal aress of
bedrock were found to support some live hard cora growth.

Habitats 3, 6 and 7 represent the live hard cord communities. Habitat 3 is a
community developed a the mid-reef dope and the communities of hard cord found
in these areas coexist with patchy areas of wbble. By contrast, both habitats 6 and 7
are shdlow reef cres high live hard cord communities. The average percentage live
hard cord cover for these habitats has been cdculated as 44% and 36% respectively.
Of this coverage, by far the most dominant lifeform is the massve non-Acropora
gpecies and in particular members of the Genus Porites.

Notes on Statistics

When used in the presentation of statistical data, P-values denote the probability of
an observation occurring by chance alone. A Rvalue of <0.05 indicates that the
observation would have happened by chance alone on only 5 or less times in 100
repetitions. A pvalue of <0.05 is therefore an indicator that some factor other than
the probability of chance is producing the data. It is therefore considered to be
significantly different if the p-valueis greater than, or equal to 0.05.

Other statistical conventions used in the report are the c? that refers to the Chi-
squared value calculated during this test; the T-value calculated during the Mann-
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Whitney test on non-parametric and non-normalised data; and the R-value calculated
during multivariate analysis comparing two or more populations of data.

o (=] o (@]
N < ©
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Figure 3.12. Dendrogram derived from cluster analysis of CCC survey data collected
during the Pulau Payar Project. Each line represents benthic and substratum
data from each Site Record. The different colours highlight the mgjor clusters
representing the habitats discriminated. Horizontal axis represents similarity
as calculated with the Bray- Curtis coefficient (%6).
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Habitat # Mean | Substratum Hard Corals Octocorals Invertebrates Sponges Algae/ Seagrass
surveys | depth
1 Corallimorph dominated 21 8.2 Bedrock Total cover (10.2), Non- Total cover (0) | Corallimorph (38), Total cover Total cover (0.7),
cnidaria community (13.7), Rubble Acroporamassive (3.6), Anemone (14) (7.0 Rhodophyta (0.6)
developed on bedrock on (10.2) Non-Acroporabranching
the mid-reef slope (3.0), Non-Acropora
encrusting (2.0)
2 Rubble dominated lower 32 9.1 Rubble (44.8), Total cover (12.7), Non- Total cover (0) | Coralimorph (2.6), Total cover Total cover (2.1),
reef slope Sand (25.1), Acroporamassive (5.9), Anemone (1.1) (0.4) Rhodophyta (1.2),
Bedrock (10) Non-Acroporaencrusting Chlorophyta (0.9)
(2.6)
3 Mixed community of 20 7.8 Rubble (24.5), Total cover (24.6), Non- Total cover Coralimorph (5.3), Total cover Total cover (7.6),
moderate cover live hard Sand (15), Acroporamassive (11.1), (0.7), Sinularia Anemone (2.3), .7 Chlorophyta (5.6), Green
cora and alga assemblage Bedrock (14) Non-Acroporaencrusting (0.9) Mollusc (1.1) filamentous algae (4.2),
interspersed with rubble (8.8 Rhodophyta (1.8)
patches
4 Sand dominated lower 24 11.0 Sand (58), Total cover (11.6), Non- Total cover Coralimorph (1.3) Total cover Total cover (1.8),
reef slope with patchy Bedrock Acroporamassive (4.6), (0.2) 11 Rhodophyta (0.9),
bedrock supporting diffuse (12.1), Rubble Non-Acroporabranching Chlorophyta (0.5)
live hard coral formation (10.8) (3.2)
5 Shallow, largely bare 20 32 Bedrock (59), Total cover (17.9), Non- Total cover Corallimporph Total cover Total cover (5.3),
bedrock substrate with Rubble (7.4) Acroporaencrusting (6.1), (0.7), Sinularia | (3.4), Mollusc (0.9) | (1.8), Lumpy | Phaeophyta(3.2), Brown
moderate and patchy live Non-Acropora massive (0.5 (1.6) filamentous (2.9),
cora cover dominated by (5.5), Non-Acropora Chlorophyta (1.4)
encrusting cora forms branching (2.8)
6 High live hard cord 19 44 Bedrock Total cover (44.1), Non- Total cover (0) Corallimporph Total cover Total cover (1.3),
cover upper reef slope (19.3), Sand Acroporamassive (32.5), (4.1), Anemone (1.1 Chlorophyta (0.9), Green
community (14.1), Rubble | Porites massive (29.5), Non- 1.2 filamentous (0.9)
(11.8) Acroporaencrusting (3.2),
Non-Acroporafoliose (3.1)
7 High live hard coral and 10 4.9 Bedrock Total cover (36.0), Non- Total cover Corallimorph (6.5), Total cover Total cover (20),
mixed algae coverage (15.8), Rubble | Acroporaencrusting (14.8), (0.3) Anemone (4.1) (3.4), Cholorophyta (7.6),
community developed at (7.0) Non-Acropora massive encrusting Rhodophyta (7.6), Green
the reef crest zone (10.0), Non-Acropora (2.5) filamentous algae (5.1),

foliose (4.5)

Red encrusting coralline
agee (3.2

Table 3.1.

Quantitative description of the seven haltats defined from the data collected in the Pulau Payar Marine Park. Figures in parenthesis

indicate mean percentage cover as assessed using the CCC point intercept transect surveys.
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3.4.2 Univariate Measures of Habitat Biodiversity

Table 3.2 represents a range of univariate measures of cord reef biodiversty based on
the Site Records of benthic and sessile organisms that have been defined as belonging
to each habitat.

Habitat three stands out as having the highest number of recorded target Species
present (53). This habitat is the mid reef dope, moderate live hard cord cover
community. Habitat one tha is the habitat dominated by large, mono-specific sands
of Cordlimorph is the habitat with the lowest number of target species recorded
within Stes representative of it.

Despite this, habitat one has a very high cover of live benthic organisms (75%) which
is second only to the shdlow reef cres community of mixed hard cords and agd
assemblage representative of habitat 7 (94% live benthic organism cover).

Perhgps the single most widely accepted biodiversity measure is the Shannon-Weiner
Index as it accounts for both the species diverdty as wel as the evenness of the
population dructure. Habitat five has the highest overdl Shannon-Weiner diversty
rating, with a caculated value of 2.92, this despite having one of the lowest coverage
of live benthic organisms. Habitat one has the lowest Log. Shannon-Weiner datistic
as, has been mentioned before, it is dominated by large mono-specific stands of
Cordlimorph and anemones.

Habitat Numbgr of Sum percentage cover of | Loge Shgnnon-Wei ner [ Mean percentageLive
Species sessile benthic organisms Diversity Hard Coral cover
1 39 7457 208 10.19
2 49 20.69 267 12.69
3 53 52.40 271 24.60
4 40 20.33 2.73 1158
5 49 37.20 292 17.90
6 44 55.47 213 4411
7 45 93.60 277 36.00

Table 3.2. Univariate biodiversity measures of the fourteen Habitats derived from Cluster
Anaysis from data collected during the Pulau Payar phase of the MCRCP.
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3.5  Fish Populations

The mean number of individuas observed a each transect for the most commonly
encountered fish taxa are shown in descending order in table 3.3. The most commonly
observed taxa are the fusliers. These pdagic fish species are found associated though
svimming above the reef feeding on planktonic food sources. The high corresponding
dandard deviation around the mean is as a result of the gregarious and schooling
nature of fusliers where hundreds could be observed in one survey and none in the
next.

Damsdfish were observed with an average abundance of 5851 individuas per survey
transect aea of 200 m3. Whils Damsdfish do not display the same schooling
behaviour as the Fudliers, they do have a specific food source of turf agee, the
digribution of which in turn is heterogeneous according to the habitat type.
Accordingly, the dandard deviation aound the mean number of Damsdfish
individudsis very high.

Wrasse were the third most commonly recorded fish taxa with on average 20.5
individuals per 200 m3 area. However, this time the standard deviation around this
cdculaed mean vdue is lower which indicates that they have a more ubiquitous
digribution and are not confined to geographic areas represented by individuas
transects.

Mean no of
individuals per
Fish Taxa Latin name 200m3 SD
Fusilier sp. Caesionidae 180.14 198.50
Damselfish sp. Pomacentridae 58.51 134.20
Wrasse sp Labridae 2048 46.69
Filefish sp. M onacanthidae 1259 36.48
Butterfly fish sp. Chaetodontidae 1159 1117
Spine cheek sp. Nemipteridae 1.72 1120
Angelfish sp. Pomacanthidae 2.20 20.71
Snhapper sp. Lutjanidae 150 3.77
Parrot fish sp. Scaridae 0.88 175
Triggerfish sp. Balistidae 0.71 146
Grouper sp. Serranidae 0.61 134
Rabbit fish sp. Siganidae 044 2.62
Cardinalfish sp. Apogonidae 041 1.87
Anthias sp. Serranidae 0.40 416
Goat fish sp. Mullidae 0.10 041
Goby sp. Gobiidae 0.04 0.20
Chromis sp. Pomacentridae 0.00 39.75

Table3.3. Caculated mean number of individuas observed per 200 m3 survey area
assigned to each mgor fish family (or subfamily for Serranids) during CCC
surveys of the MCRCP. Mean values = SD given correct to 2 Decimal places
(D.P).
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3.5.1 Fish Assemblage variation between Survey Sector
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Figure 3.13. Commonly encountered fish families in each survey sector. Calculated mean
number of individuas observed per 200 m3 survey area
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Figure3.14. Lessfrequently encountered fish familiesin each survey sector. Cdculated
mean number of individuals observed per 200 m3 survey area

The mogt abundant encountered fish families per survey sector are shown in figure
3.13. The three most common families are Damsdfish, Wrasse and Butterfly fish,
which were abundant in al survey sectors. Damsdfish were particularly abundant
aound Pulau Lembu, and Pulau Segantang that had high coverage of bare bedrock
subgtrates which support the adgd feeding habits of Damsdfish. Overdl, across dl of
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the survey sectors, Pulau Segantang had the highest number of fish individuds across
al represented taxa.

Of the less frequently encountered fish families per survey sector (figure 3.14),
Triggerfish, Anthias and Parrotfish were most commonly seen around Pulau Kaca,
Pulau Segantang and the north side of Pulau Payar respectively.

3.5.2 Fish Assemblage variation between habitat types
The abundance of fish families (mean number of individuds per 200nT) found

associated with each of the habitats defined by multivariate andyss and outlined in
section 3.4.1 are graphically represented in figures 3.15 —-3.16.
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Figure3.15. Mean abundance (individuals per 200 nt) of more frequently observed fish
families found associated with each habitat..
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Figure3.16. Mean abundance (individuals per 200 nt’) of less frequently observed fish
families found associated with each habitat.

The overdl most abundant and ubiquitous fish family observed across dl habitat
types defined were the Damsdfish (Pomecentridag). Whilst there was variation
observed in the abundance of Pomacentrids between habitat types, their abundance
did not fdl bedow 25 individuds per 200n? in any sngle habitat. Damsdfish
populations were found to be most abundant in areas classfied as habitat one- the
Coralimorph dominated areas in the mid reef dope depth range.

Habitat one had the highest overal abundance of fish individuas per 200n? survey
unit and dso had the highest individud abundance of Wrasse, Butterfly fish and
Angdfish, the second, third and fourth most commonly encountered fish taxa
However, Snapper were found to be absent from the areas classfied as being habitat
one.

Amongst the more rare fish taxa encountered, Triggerfish and Parrotfish were seen
ubiquitoudy across dl of the habitats. Anthias on the other hand were absent in dl but
two of the habitats and were found to be particularly abundant in areas classfied as
being shdlow, largely bare bedrock aress at the reef crest- habitat 5. With the feeding
behaviour of Anthias being of a pdagic, plankton feeding lifestyle, these areas which
are exposed to current and therefore a high abundance of current borne plankton
would be able to support a higher Anthia population dengity.
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Table 3.4 shows the datidicad reationship between fish assemblages found associated
with each of the habitat types identified. The vaues n the table indicate the results of
a multivariate par-wise andyss between fish assemblages and vaues in bold marked
with an agterisk indicate that there is a sgnificant difference between the compostion
of these fish assemblages.

1
2| 007 2
0.042*
3 | 009 -0.03 3
0.012* | 0.768
4 | 0.08 -0.04 0.02 4
0.013* [ 0.922 | 0.24
5| 018 0.09 011 0.17 5
0.001* | 0.026* | 0.017* | 0.001*
6 | 013 0.07 0.10 0.15 0.04 6
0.003* [ 0.093 | 0.015* | 0.005* | 0.113
71014 0.07 0.06 0.16 0.02 0.06 7
0.077 [ 0.23 0.169 [ 0.028* | 0.337 | 0.218

Table 3.4. Par wise multivariate comparison between fish assemblages associated with
each habitat.
Note: Vaues in norma font indicates the calculated R-value correct to 2 D.P,;
vaues in bold indicate P-values correct to 3 D.P. Pvaues marked with an
asterisk indicate a significant difference in the fish assemblages found associated
with the two habitats concerned.

Examination of table 34 indicates that the fish assemblages found associated with
habitat one are very dissmilar to those found associated with al of the other habitats
(5 of 6 parwise comparisons showing dgnificant differences) except for habitat 7
which, as has previoudy been discussed, is Smilar in community compodtion to
habitat one asis of very high sessile organism coverage.

Perhaps surprisngly therefore, the fish assemblage found associated with habitat
seven is dmilar in compogtion to dl but one of the remaining habitats. When taken in
context with the habitat descriptions however, it is clear that the mixed benthic
organism community of habitat seven has components smilar to dl of the other
habitats. This would therefore provide the smilar ecologica niches as dl of the other
habitats and therefore would be capable of supporting asmilar fish community.
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The number of reef fish species recorded and associated biodiversity indices for each
habitat are depicted in table 3.5.

The grestest recorded species number was found within the fish assemblage
asociated with habitat two, though the overdl number of individuds across dl of the
target species encountered was one of the lowest (952). Despite this, the fish
assemblage associated with habitat 2 has the highest biodiversty satus as caculated
using the Shannon-Weiner and Marglef species richnessindices.

By contragt, the number of species recorded associated with habitat one was relatively
low, though the species that were seen were encountered with a very high abundance
of an average of 1742 individuds per 50 meter transect line.

Habitat Species Sum of Mar glef Index Pielous Loge [Simpsons
Number abundance of species Evenness | Shannon- | Diversity
ratings richness I ndex Weiner
Index
1 64 1742 844 0.58 242 0.86
2 76 952 1094 0.52 2.26 0.83
3 74 1225 1027 0.53 2.30 0.82
4 70 1153 9.79 051 215 0.81
5 62 855 9.04 0.59 243 0.86
6 72 1098 1014 0.57 242 0.84
7 55 1072 7.74 0.60 242 0.84

Table3.5. Univariate biodiversty measures caculated for fish assemblages found
associated with each habitat defined from data on benthic populations presented
in this study. Species number and sum of abundance ratings are given as
integers; caculated diversity indices are given correct to 2 D.P.

3.6 Invertebrate Populations

The mean abundance of selected invertebrate target organisms is shown as number of
individuals per 250nT in table 3.6. The most commonly observed invertebrate was the
Diadema or long-spined Sea Urchin which was seen with an average abundance of
130.4 individuals per 250nT. Oysters were aso seen with an average abundance of
over 100 individuds per 250m survey area. However, both these caculated mean
vaues have aound them a large Standard Deviation which implies that ther
distribution is heterogeneous.

With an abundance that this ten times lower that the Diadema and Oyder, the next
most commonly encountered invertebrate is the non-syngptid Sea Cucumber which
was seen with an average abundance of 10 individuds per 250nt. Again, this meen
cdculated abundance has a very high Standard Deviation around it, which implies
they were found with patchy digtribution. In the case of the Sea Cucumbers, this likely
results from their feeding method being dependent on a source of sand and soft
sediment from which they extract organic matter; which in turn was only found a key
selected survey Sites at the base of the reef dope.
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Taxa Mean Abundance Standard Deviation

Diadema Sea Urchin 1304 17840

Oyster 1082 146.29
Non-Synaptid Sea Cucumber 100 4194
Limpet 73 58.28

Giant Clam 73 48.28

Short spine urchin 38 18.68
Synaptid Sea Cucumber 36 26.20
Shrimp 30 17.38
Feather Duster 10 215

Table 3.6. Caculated mean number of individuals of each major invertebrate target species

during survey dives during the MCRCP. Mean values given correct to 1.D.P
SD given correct to 2 D.P.
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4 DISCUSSION
41  Traning

The training programme used during the MCRCP Pulau Payar Marine Park survey
program has proved to be appropriate for volunteer survey work in Maaysia For
example, the results in the tests and in water vdidaion exercise were excdllent and,
therefore, the data collected during survey work ae likdy to be accurate and
condgtent. The training schedule has been deemed appropriate for novice divers as
well asreatively experienced divers.

4.2  Oceanography and Anthropogenic Impact

The prevaent wind direction recorded during the period of the program a Pulau
Payar Marine Park was from the North and Northeast. This data was recorded during
the period from October to March (2004-2005) during the monsoon period in the
South China Sea on the East dde of Peninsular Maaysa Of these recordings, a
proportion were assessed to be either moderate, strong or very strong.

Whilst wind speed and direction do not have a direct influence and impact on sub-
tidd cord reef communities they are the man driving influence behind both the
direction and magnitude of wind borme waves. The magnitude of waves is
proportiona to the wind speed, though is aso influenced by the distance over which
the wind blows across the sea surface; the fetch of the wave. A short fetch leads to the
formation of smdler, high frequency waves whils a long fetch dlows larger, oceanic
waves with a lower frequency to develop In turn the impact of these waves has direct
influence on the cord regf community both through direct impact on the organisms
themsdves as well as controlling factors such as the dominant subdrate types and
geomorphology a Stes.

Around Pulau Payar Marine Park, the prevadent wind direction has had a bearing on
the type of cord reef formation as well as the depodtion of sediments around the
archipeago. Beaches that are depostiona festures are confined largey to the more
sheltered south shores of the Idands and contrast the more exposed, rocky shorelines
of the northern aspect coasts.

Both water temperature and, abeit to a lesser extent, sainity show variation between
the upper two to three meters of water and the rest of the water column. Both water
temperature and sdinity are higher in this shdlow zone. This commonly observed
phenomenon in shalow tropica sess is as a result of the hegting of the shalow water
by the tropical sun and the consequentiad evaporation of surface water that increases
the dinity of thislayer.

Both horizontd and vertica vishility through the water column are indicetive of the
amount of suspended solids in the water column. All of the recordings of vighility
made around Pulau Payar are generdly low when compared to those taken using same
standardised methodology by CCC at the East coast of Peninsular Mdaysa Maine
Pak Idands. It is likey in some pat that this presence of suspended solids in the
water column comes from the Kedah river which is only 15 nautical miles awvay from
the Maine Pak. This river has a high flow rate and agriculturd and urban
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development dong its banks would increase the amount of suspended solids and
sediment being washed into the sea Additiondly, the extensve mudflats that today
exig a the mouth of Kuda Kedah once supported coasta mangrove development.
This mangrove forest would provide a barier and filter between the riverine system
and the neighbouring sea, removing and trapping sediments and nutrients from  the
river mouth. Today the mangrove has been removed there is little protection afforded
to the coastal aress.

The cord reefs around the Pulau Payar Marine Park I1dands are subject to a wide and
varied degree of anthropogenic impacts.

Boat activity is concentrated in the main to the survey sector surrounding the Marine
Park Center that receives in excess of 70,000 vistors per year (Lim, 1998). Of these
boats, 45% have been identified as being engaged in the tourism industry and twenty
five percent as being dive boas. This indicates a dense concentration of tourist users
of the resource and has associated with it the potential to cause damage to the cord
reef resource.

Given that Pulau Segantang is encompassed within the two nauticd mile boundary of
the Payar Marine Park areg, it is perhagps suprisng to note that of the boat activity
observed when undertaking surveys in this area, dl of the boats were engaged in
fishing activities. Additiondly, dthough only observed once, a boat actively engaged
in fishing was aso observed around Pulau Lembu. It is interesting to note thet the
occurrence of these fishing activities which is illegd under the jurisdiction of the laws
relaing to the management of the Maine Pak of Mdaysa have al been noted far
away from the Marine Park Centre and the enforcement patrols concentrated on the
South shore of Pulau Payar.

By far the most commonly observed surface impact between dl survey sectors was
the occurrence of litter. It was observed on every survey dive conducted around Pulau
Kaca and the north and south sdes of Pulau Payar. It is assumed that much of this
solid wagte is derived from commercia activities in the Straits of Maacca and more
locdly through the disposd of solid wastes by tourits who vist the Marine Park
Centre. This solid wagte is not only aestheticaly disileasing to the visting resource
usars, but aso poses a dgnificant risk to the hedth and ecologicd function of the
cord reef. The study of Lim (1998) found through questionnaires that 71% of reef-
users (divers and snorkellers) rated clean beaches as the most important criterion for
their continued enjoyment of the Marine Park.

The gppropriate digposal of solid waste is therefore a key management objective of
the Department of Marine Parks
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4.3 Benthic Data

A totd of seven benthic habitats have been identified from the data collected in the
Pulau Payar Marine Park. This number is somewhat lower than that found from other
sudies conducted by CCC in the East Mdaysan Peninsular Marine Park Idands as
well as a other SE Adan cord reef areas. The cord reefs around Pulau Payar develop
a depths shdlower than those found dsawhere, likdy as a result of the lack of
avallability of light in this semi-turbid environment (Lim 1998).

Of the saven benthic classes, three show moderate to high live hard cord cover and
these three classes are found in the mid to upper reef dope. Below this zone are the
aress that have mixed bare substrates of bedrock and aso the depodtional substrates
of sand and rubble. Findly, a some of the more exposed gStes, in the shadlow aress,
bare bedrock dominates and is colonised only by encrusting live hard cord forms tha
ae ale to withdand the physcd disurbance of the prevdent high wave energy
environmen.

Comparison has been made between the data presented in this report and that
collected and presented in the work of Lim (1998). The results of this comparison are
illusrated grephicdly in figures 41 and 4.2 which shows the current benthic
community compodtion found in the CCC datasst and that of the former study
respectively. Additiondly, the vdues of the man benthic cover caegories ae
presented in table 4.1. The names of the dites refer to those used in Lim (1998) and the
CCC data presented represents the average percentage cover values caculated from
CCC survey dtes that correspond with those in the work of Lim (1998). CCC dtes on
which this average has been caculated have been chosen to replicate the depth (within
two meters) of the origind 1998 surveys to minimise the environmenta variation and
therefore to facilitate a more meaningful comparison.

It appears from the time series of data presented here that there has been a clear
decline in the percentage cover of the live hard corad between 1998 and 2005 at the
survey dtes a Pulau Kaca and the control dte at the northern tip of Pulau Payar. The
difference between the live hard cord cover in the two datasets at the two Stes is 37
and 61% respectively whilst there has been an increase of the abiotic components of
the benthic community of 54 and 81% respectively. Of this increase in the cover of
the abiotic component of the community, over 90% can be attributed to an increase in
the percentage cover of dgae additiondly, whilst 67% of the hard cord community
a Pulau Kaca was found to be of the branching lifeform in the 1998 study, branching
cords were found to be dl but asent in the 2005 study. This evidence indicates that
some disturbance has affected these dtes and has brought about the decline in live
hard cora cover. Whilgt it is not possble to directly atribute this impact to ether an
anthropogenic or naturd disturbance agent, it seems likely that a naturd event such a
sorm may have caused the damage as both of these affected Stes have a north-facing
agpect whilgt dl of the south facing sites do not  exhibit the same dedline in live hard
cord cover.
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Figure4.l Percentage benthic community composition presented in this report and used in comparison with survey sitesin Lim, 1998

Prepared by Coral Cay Conservation 39.



Discussion MCRCP - Pulau Payar Report

LEMBY ROCKS | GORAL GOVER
L v cdE a
P
(BT
| cowTRoLSTEcoRALcover frwny = PULAL
- BTR wil':"k.‘ LEMEL
—_ Plrrundy *an i
‘s | e
CORAL GARDEN ; CORAL COVER
famn Le=s parnl '?: ::' — S
" win PULAU KAGA  CORAL GOVER
s ]
Scheom L]
5
i
T
| e rry
=

#

LOCETION OF

PULAL SEGANTANG

Figure4.2 Percentage benthic community composition taken from Lim, 1998 and used in comparison with data presented in this report.
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Live Hard Coral Dead Coral Abiotic Other
Lim CCC Lim CCC Lim CCC Lim CCC
Pulau 61 24 16 2 8 62 15%** 12
Kaca
Pulau 18 14 14 0 1 0 67 46
Lembu
Pulau
Segantang 8 8 12 0 N/a 15 80 76
Marine
Park 59* 42 32* 2 5* 56 2* 0
Center
Cordl 31 27 14 0 2 3 5% 0
Garden
Control site 74 13 19 0 2 83 5 4

Table4.1. Comparison datistics of percentage benthic community composition between
Lim, 1998 and CCC, 2004-2005. *vaue calculated as mean value between two
study sitesin Lim 1998 (Langkawi Cora Pontoon and Marine Park Centre house
reef), ** including 33% soft cord, ***including 7% soft cord,

4.4 Fish Data

Although it gppears that fish populations in the Pulau Payar Maine Park Idands are
farly low in ther abundance, there is a good representation of dl of the mgor
families. Particularly abundant were the Damsdfish and Wrasse. Petchy distributions
of taxa such as Anthias and Parotfish indicate the link between the fish population
dynamics and composition and the spatidly distinct benthic communities.

The parwise andyds of the interaction between fish assemblages in reaionship to
the habitat types they were found associated with indicates that around the Pulau
Payar Marine Park, there is a close rdationship between the two. Of particular note
was the dissmilarity between the fish assemblages found associated with habitat one
and those found associated with dl of the other habitats. Additiondly, when the
univariste summary datistics of the fish assemblage associated with habitet one are
examined, it is found to have the highest species number and, on average, the highest
number of individuds. This is perhaps surprisng given tha habitat one has overdl a
low live hard cord cover and is ingead dominated by Cordlimorphs. Therefore it
gppears that from this data the Corallimorph dominated areas support a diverse and
high-abundance fish community and therefore has importance for the management of
the fish populations of Pulau Payar Marine Park.

45 Invertebrate Data

Invertebrate populations throughout the Pulau Payar Marine Park have been shown to
be heterogeneous in their geogragphica didribution. This occurs because of two
reasons, firdly that invertebrate populations are closdy linked with the habitat types
of an aea which in tun have ther didribution, controlled by prevaent
environmental conditions. In addition, amongst many of the less frequently observed
and mobile invertebrates there is clear pattern in the data that indicates that
populations are both temporally and spatialy distributed.
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Crown of Thorns starfish (Acanathaster plancii) were not recorded on any of the to
be low throughout al areas surveyed. Crown of Thorn population outbresks can be
severdy damaging to hard cord cover on the reef where the invertebrate is a
voracious cordlivores. Outbresks are not uncommon in the Marine Park 1dands of the
East coast of Peninsular Malaysa where outbresks were recorded in Pulau Lima and
Pulau Ekor Tebu during the late 1970s (Rahman and lbrahim, 1996). Indeed, during
this same period, the Redang Idands dso suffered a population outbreak. The Marine
Parks Section consders normal population densties of COTs to be 6 per square
kilometre of reef (Rahman and Ibrahim, 1996). However, the lack of observations
made in this study indicate that at present a least, COTs do not pose a threat to the
coral reef resources of the Marine Park.

Holothurians support a commercidly viable fishery in Mdaysa where the main target
species is Stichopous horrens that is used in the manufacture of gamet oil. However,
Holothurians were one of the most commonly observed invertebrate taxa in this study.
This indicates that the fishing and extraction pressure on these species is, a present,
low in the Pulau Payar Marine Park. In addition, the large numbers of Tridacna spp.
cdams, which are dso commercidly viable species, indicates that the invertebrate
population iswell protected in the Pulau Payar Marine Park.

4.6 Indian Ocean tsunami

The December 2004 tsunami tha originated from a sub-marine earthquake off the
coast of Sumatra caused an enormous humanitarian tragedy in the wider Indian Ocean
region and also specificaly in the area of Northern Maaysa close to the Pulau Payar
Marine Pak. In the aftermath of the humanitarian disagter, it was dso thought that
there would have been serious damage done to the natural resources represented by
the cord reefs of the region.

CCCs fidd personnd conducted a series of reconnaissance dives and recorded any
dggns of tsunami impact on the reefs of Pulau Payar. The outcome of this work is
presented in the report Allen (2005), dthough no impacts that could be specificaly
attributed to the tsunami were recorded.
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4.7  Management findings

Despite the fact that the apparent decline in live hard cord cover a sdected Stes
between 1998 and this study cannot be attributed directly to either anthropogenic or
natural disturbance, such a decline in live hard cord cover indicates that action is
needed to ensure tha these dtes are efficiently managed.  Additiondly, it is a
recommendation that use of monitoring techniques is made to assess the recovery
process which is in turn an essentid gep towards ensuring this management Strategy
is of maximum benefit.

Based on vigtor data up to 1997 Lim (1998) caculated there to have been a 5000%
increase in vidtor numbers to Pulau Payar Marine Park in the preceding seven years.
This represents an intensve and concentrated use of what is a geogrgphicdly limited
resource base in the Marine Park. Of these vigtors, adl are day-trip vistors as there is
no accommodation within the boundaries of the Park. Day-trippers in turn present
ther own unique range of management issues in contrast compared to more
conventionad tourism usrs. Whilst this predominance of day-trippers ensures that
there are fewer problems in terms of development on the near shore, it brings with it
the increased risk of solid waste disposa problems as characteristicdly, day-trippers
leave their waste behind when departing.

There are a number of ample steps that can be taken to mitigate many of the impacts
associated with such intense use of a naturd resource. These can be divided into the
following categories,

Mitigation of direct impacts on the reef system

Effective and efficent zoning schemes where aeas of cord reef tha ae most
susceptible to impact are afforded extra protection is a successful mechanism for the
conservation of the wider naturd sysem. However, the implementation of such a
zoning scheme needs, as it base a sound scientific understanding of the ecologica and
consarvation importance of geogrgphic aress. It is an am following the assmilation
of the data presented in this report to use it as a base of Geographic Information
System one purpose of which will be the identification of these key Stes

Additiond mitigation activities include the inddlation of mooring sysems to prevent
direct impact of boat anchors on the cord reef system and the regulation of resource
use activities.

Increased public awareness

One of the most pro-active steps that can be taken towards the mitigation of tourism
impact on reefs is the rasng awareness of resource users. These initiatives include
best practice guiddines involving pre-dive or pre-snorkd briefings and the provison
of displays and videos that outline the impact that resource users can have,

All of the actions that can be taken to reduce the impact of such intensive tourism use
should however be done in a paticipatory manner involving dl resource users and
conservation bodies so that the popularity and accesshbility of stes such as Pulau
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Payar can continue to be enjoyed and can continue to provide financia benefit to the
locd region and Mdaysaas aNation.
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BACKGROUND INFORMATION
Dwasta koantifyar Start Easting
Survay code Btart Northing
Survey Date End Easting
Slan Time End Marthing
End Tima Wind Strangth (1-8)
Marshall Wind Direction (from)
Fizn Racorder Currant Strength none | weak / mod [ sirang
Invertebirate Recordes Curnant Direction (lowards)
Point data Recordes Horizontal vis
max depth surface temp
men dapth surface safinity
subsuriace lemp
subsurlace salinity
SBecchi disc
BURFACE IMPACTS
Algas D Littar D
Driftwood E:l Nets | |
Suface sawage D Oither impacts
UNDERWATER IMPACTS
Bleaching ] Coral disease [
Coral Damage E:l Littar :l
Othar impacts
ACTIMITIES
Mot Frshing ] Ling Fishing (|
Boating 1 Snarkelling 3
Dwing El Swamiming D

Orthexr actvilles
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TARGET SPECIES
LIFEFORM
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TARGET FISH [CONT)
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