L 5
PNDRESTRI A580 TENI MALAYSIL

WEST COAST OF
PENINSULAR MALAYSIA

Acoustic, Fishery Oceanography and
Bottom Substrate Surveys

] - ‘__':..--f_"':
. ) 4»""-
-,

B >
“% DEPARTMENT, OF FlSHERlES MALAYSIA
MINISTRY OF AGRICULTURE AND AGRO-BASED INDUSTRY MALAYSIA



CHAPTER 1

ACOUSTIC AND PELAGIC FISH RESOURCE
SURVEY ON THE WEST COAST OF
PENINSULAR MALAYSIA

INTRODUCTION

MATERIALS AND METHODS = —

Acoustic Stock Assessment Survey

Fish Biology Study

Fish Genetics and Morphometnic Study -

RESULTS AND DISCUSSION = =

Acoustic Stock AssessmentSwrvey .~

FishBlologysStuay . — —— =~

Fish Genelics and Momphometnc Study

CONCLUSIONS




WEST COAST OF
PENINSULAR MALAYSIA

Acoustic, Fishery Oceanography and Bottorn Substrate
Surveys

Editors
Abu Talib Ahmad
Alias Man
Mazalina Ali

2009



Department of Fisheries Malaysia
WEST COAST OF PEMINSULAR BMALAYSIA

ACOUSTIC AND PELAGIC FISH RESOURCE SURVEY ON THE
WEST COAST OF PENINSULAR MALAYSIA

fajs Bidin Rajes Hassan®, Samsudin Baslr, Sallshudin
lamon’, Siv Azlzah Mohd. Nor®, Abu Tallb Ahmad®,
Osman Muda® and Darlina Md. Naim?

'Fisheries Research Institute, 11960 Batu Maung,
Panang,

IMaring Fishery Resources Development and
Management Department, Southeast Asian Fisheries
Development Center (MFROMBD-SEAFDEC),
Chendering, 21080 Kuala Terengganu, Malaysia.
2chool of Biologlcal Science, Unlversit Sains
Malaysia, 11800 Minden, Penang, Malaysia.

ABSTRACT

An acoustic end gelogic fish resource survey in the watérs off
Longkowi, Kedah: Penang: Perok and Selongor was corried out
Jrom 23® Febrgury Lo 13" March 2006 o evalugie pelegic fish
resources In the northern port af the west coast af Peninsulor
Molopsio.  This survey was conducted simulftoneoysly with
atfer  research coenponents that fnchoded phystool o
hilogical oceanogrophy and fish larwee studies. The total area
of 27,838 k' surveyed covered coastal ond offshore woters.
The total pelogic fish Dlamoss wos estimated of 210000
tonnes. Scombridas, daminared by Roctrailigar brachycama, R
konagurta, Auxis thorord ond  Euthynnus  afffinis  ond
Corongidae, represenfed mdindy by Decoplesss maruadsy,
formed the two. major famifies of pelagic fsh. The highest
cotch of R, kanogurto wos cbserved In the the deeper warers of
the northern aree between Langkaw! and Pereng,  The truss
marphometric protocel and Handam: Ampllfied Falymarphic
DNA [RAPD) onofysis wene opplied to the two Jpecies af
Fastrefiiper: 8. kenagurto and f§, Grochysom (o restigote ihe
genatie variation batweaen them. Fves 10-bate RARD raondom
primers were used iy thisstudy. The results obtofed from this
sty stagaeston Hhe prisebile extsleoce of Dwer mospologioolly
sigrificantly differentinted groups of A. kedagurta alang the
west coost of Peninsulor Moloyiia.

Krypwords: Acoustic urvey, Blomass sstimation, Fish density,
Palagic fizh, Genetic variation

1.0 INTRORBUCTION

Pelagic fish resources contributéd o about 45% of the
total producton of the west coast of Penlnsular
Malaysia [Annual Fisheries Statistics, 2008). The waters
off Perlis to Selangor contribured up to 57% of the tatal
fish landings ot the west coast of Peninsular Malaysia,
The pelagic species that dominate the landings of
commercial gears such as fish awls and fish purse
‘seines are Rostrelliger kanagurta (Indlin mackerel), R
brachysorma  (Indo-Facific  mackerel), Decapterus
maruadsl (lapanese scad), D. russell (Indian scad). and
neritic tuhe hamely Evthynnus affinls [Kewakswa),
Thunnus tonggod (Longtall} and Auxis thozard [Frigate).

Mackerel comprises thres main species L., Rastrelliger
brachysomo, R. konegurte ond R foughnl |Istand
mackerel). Although the local name Kembung' |8 used
loasely va refer ta this group of fish, a finer breakdown
splits this genus mto ‘pelafing' (R. brochysoma),
‘kembung’ (small to medium size of B, kanegurte and R,
faughni) and "mabung’ (large size A. kanogurta end &,
faughni), These fish specles Inhabit coastal waters,
form large schools and tend to aggregste around Fish
Aggregating  Devices (FADs), R brochysoma s
distributed In the more coastal near-shore areas while
R. kanagurto and R foughni are more oceanic (Chee,
2000). R, brachysomg, 8, kenogurto and A, foughni can
be faund throughout the Pacific Dcean: Andaman Sea to
Thailand, Indonesia, Papus Mew Guinea, Philippines,
Soloman Islands and Fiji; indo-West Facific: Red Sea and
Easl Africa to Indonesis; north to the Ryukyu Islands and
China, south to Australla, Melanesia and Samoa,
entering the eastern Mediterranean 5ea through tha
ez Canal; and indo-West Pacific: india to Fijl, north to
Tawan, respectively (Froese and Pauly, 2005).

According to Chee [2000), pelagic fish resources
including Rastrélliger sp, are already over-exploited on
the west coast of Peninsular Malaysia. The contribution
of pelagle fish to the total landings In this area was 32%
in 2006, a reduction 15% over 25 yaars. This was mainly
caused by overfishing through the used of more
efficient fishing gear and larger fshing vessels. The
expansion of fishing grounds [nto new and
non-traditional areas within the Malaysian Exclusive
Economic Zone (EEZ) also contributed towards this
problem ai the sdditionsl fishing sffort was also
targeting to harvest the same fish stocks, The
increasing leval of poliution, the loss of sultable habitsts
1o development activities, natural phenomena such as
El Nino and Lo Ning and envirenmental catestrophes
such-as tsunamis may also affect the present state of
pelagic fish resources in the area. To date, pelagic fish
remains the backbone of the marine fisheres of the
wiest coast of Paninsular Malaysia.

Since the small pelagic fish of the west coast has bean
cantributing significantly to the total annual landings,
proper management measures are cssential to ansure
the resources are exploited &t @ sustainable level
Tharetors, a study on the fish blolagy and the stock
assessment of commercially Important species |5
needed. lohannes (1980 Indicated that fluctustions in
catches of pelagic fish species are due 1o changes in
population abundance In relation to thelr survival rates,
Sissenwine (1984) noted that the recrultment variability
Iz the central Ashery science and a major source of
uncertainty in management.
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One Important fish stock assessment technigue, using
acoustic surveys, Is widely used In the world recently. In
the past, conventional methods that mostly depended
on the swept ares method, structured length frequency
and tagging were used, Howsver with technology
advancement, many types of sclentific echo sounders
hawve been introduced tor guantitetive stock assessment
especially on pelapic fish.

Although the scoustic technigue has been extensively
used In European and Amirican waters for a long time,
this techrigue was only Introduced to Malaysia In the
19805, The firsl scoustic survey In Malaysia was
conducted in 1980 using the Norwegian Research
Vessel Dr. Fridtjof Nansen which was equipped with the
SIMRAD EKS 38 and EKS 120. The survey aimed to
Investigate the total pelagic fish blomass In the
Exclusive Economic Zone off the west and east coasts of
Peninsular Malaysia. The second survey was conducted
in 1982 under 3 [oint profect berween FAD and
Malaysia. The third survey was carried out in the third
guarter of 1983, using KK AYA which was equipped with
an EKS 120 and a SIMRAD CM Sonar Scope, The fourth
acoustle survey was carrled out from late 1985 to early
1986 using RV RASTRELLIGER, a vessel from FAD. This
survey covered the South China Sea and the Straits of
Malatca. The survey was aimed al estimating the total
blomass, species compasition and distribution of
pelagic and sem|-pelagic fish,

In 1995, @ collaboratve program between SEAFDEC
Training Department (TR and Marine Fishery Resources
Development and Management Department
[(MFRDMD) was undertaken. A series of scoustic
surveys, covering the waters of the South China Sea,
was Implemented. This recent acoustic survey on the
west coast of Peninsular Malaysin was aimed at
estimating the total biomass of pelagic fish during the
north-east monsoon,

The Identification of the geographical mnges of unlt
stocks s fundamental for population dynamics and
management of fsheries (Balley, 1997). To date no
relevant information on stock definition has been
produced for the genus Rastrelllger in Malaysia. Thus,
the determination of management units Iz desmed
necessary for the management of the stocks of
Rastrelliger in Peninsular Malaysia. Management units
zre distinct populations of fish that have different
population slzes, recruitment patterns, spawning and

nursery grounds, and therefore need to be managed
separately for sustainable commercial fishing.

There are ssveral approaches used to understand the
population structure and the movement of fish (Garcia
de Leo'n et al, 1997) though It is pot often easy
determine the correct spatial scale to employ in
identifying populations of fish (Larkin, 1981). These
have Included ublization of both melecular and
nen-malecular markers. An example of the latter is the
multivariate analysis of morphometric characters.
Morphometric  characters provide  information
complementary to that derived from biochemlcal,
physlological and Iife history studies, for ldentifying
maring stocks and their spatial distnbution. The
land-mark based truss morphometne protocol (Strauss
and Bookstein, 1982) 15 very effective In capturing
information on the shape of a fish, This protocol
prevents  biases, which occur with  traditional
procedures, @as rthe Jamer gives redundant
measurements for certaln axes of the body (Grimes et
ol.. 1937),

While phenotypic veriation is usuelly associated with
the adaptive potential of populations, genetic markers
such 85 DNA and protein, detect levels of genetic
variation. This Information Iz critfical for conservation
strategies as the long<term survival and evolution of
every species depend on the maintenance of genetic
diversity - and -are closely related 1o geographic
disteibution of genotypes, In the last few decades, the
advancement of moleculsr marker (echnigues,
biolnformatics and the use of geographical Informatian
wetems (GIS} have greatly assicted In the survay,
sampling and assessing genefic diversity [Rao and
Hoskela, 2001) of populations and higher level taxa,
Some of the molecular markers frequently utilized for
population assessment (Williams e, o, 1990} Inchade
restriction  fragment length polymarphisms (RFLPs),
random amplified polymorzhic DNA (RAPDs), amplified
fragment length paolymorphism (AFLP) and singls
ssquence repeats (SSR) also known as microsatallites,

The objectives of this study are to estimate the total
blomass of pelagic fish on the west coast of Peninsular
Malaysta togather as muth bislogical information from
the samples obtalned durng the survey and (o
determine the genetic variastion among the species that
probably torm m unit stock. These findings are crucial
for better stock estimation upon which measures far
sustalnable management can be formulated,
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Andrade; 2002) was utilised by transforming the data
using the fallnwing formula;

Mise = log M = Bllog 5L~ l0g 5L

where My, 1§ the transformed measurement, M the
originagl measurement, B the within-group slope
regressions of the log M vs log 51, 5L the standard length
of the fish, and SLee, the overall mean of the standard
lefigth.

A stopwise multivariate discriminant analysic [DFA) was
then performed on the transformed morphometric
variahles to Identify the combination of characters that
optimize differentiation among the popukstion. The
output generated from this snalysls was used to essess
the discriminstory effectiveness from percentage of
cormect  re-classification  in discriminant analysis.
Mahalanobis distance between population centroids
and pairwise F statistics (P < 0.05) were computed 1o
evaluate significant levels of population difference. The
spatial separation between the centroids was
represented by the generation of scatter plats Al
statistical snalysis was performed using SPSS v11.5.

232  RAFD znalyss

Total genomic DNA from muscle tissue was extracted
using the Tissue DNA Kit (Genispin). Five 10-base RAPD
random primers were used for the RAPD-PCR. The PCR
resction conststed. of 10 X PCR Buifer, 0.4 mm dNTPs
mixture, 3,5 mM MgCly, 5 plcomales primer, 2.0 units

Teg DNA polymerase, 30 ng template DNA and distilled.

water In & final volume of 25 pl. The amplification of
DNA was condicted using the MI-Ressarch Pelbier
Thermal Cycler [PTC-200) thet was programmed at 35
cycles for 30 seconds of dematuration at 94 °C, 30
secands of annealing at 36 °C, one minute of extension
al 72 *C and two minutes of final extenslon at 724

The markers were scared by either the presence (1) or
absence (0] at a pardcular positon of & given
amplification product of each Individual, The data
matrices were entered |nto the Multivariate Statistical
Package [MVSF) v3.13; and pairwise comparisons of
population were made. To analyse for phonebic
rélationships the scared data were used to calculats the
genotic distance values and to construct the dendogram
based on unweighted pair-group method of arithmaetic
{UPGMA). The Index of similarity between individuals

was calculated using the equation of Nel & LI [1979):

Se =20 / (M4 .1y)

where n,, is the number of fragments shared by
individuals x and y, and n, and n, are the numbers of
fragments scored lor each indmvidual, This method was
chosen because of the greater emphasis placed on
fragment matches versus that of nonsmatches.

= Tizeue sxraction from the fith




3.0 RESULTS AND DISCUSSION
31 Acoustic Stock Assessment Survey

The raw back scattering strength was obtalned solely by
using FOB0 Data Analyier. Data guality was considered
quite High with some errors due to loss of echoes after
an B00-ping Interval, Echo verification was solely
dependent on fish sampling sctivities using the
high-opening bottom  trawl. However the bulk of
catches during sampling comprised mainly demersal
fish with only @ small percentage of pelaglec fish. Thus
the pelagic biomass reported here should be used with
caution because of the species referanice.

Tahle 4 Indicates the average density of nelagic fish an
thie west coast of Peninsular Malaysia. The average
density estimated was 7.5 tonnes/km®. The minimum
and maximum densities were 2.3 and 24.2 tonnes/km’,
respectively. Based on the output density, the pelagic
fish biomass in the whole survey area was estimated &t
205,798 rannes,

The national acoustic survey ln 1998 gave an average
fish density In the west coast Panlnsular Malaysian
waters of 9.6 tonnes/km? (Raja Bldin er. of, 2000),
Hawever, this recent survey only recorded a fish dansity
of 7.5 tannesfkm®, The current estimate shows a 23,8%
reduction of the pelagic resources In camparison o the
estimate mede In 1998,

Howeyver, this biomass estmation mequires further
verification due to improper sampling wang the
high-opening bottom trawl [nstead of 2 mid-water
trawl. Therefore, it is most likely that the species
compasition derived from the catch does not provide a
fnod representation of pelagle fish resources In the area
although mackerels and anchovy are the majér pelagic
fishex found In this area.

2 Fish Blology Study

A total of 266 samples of pelagic species were analysed
for matur ity stages for the fecundity study. Scombridae
and Carangidae formed the two major familles of
pelagle fish which were dominated by Restrelliger
brachysoma, R. kenagurta, Becopterus maruadsl, Alds
tharard and Euthynnus affinis. Only 11 specimens of 3
selected species namely A brochysama, R, kanogurts,
D. maruodsi were used for the fecundiny study.

Table S shows the length Information of pelagie species

ACOUSTIC AND FELAGIC FISH RESOURCE SLINVEY ON THE
WIEST DOAEY TF PEAMELILAR RLALAYTA

sampied. Rostreliger konogurto [Indlan mackerel or
kembung) with a maximum length up 1o 255 mm and
with an average of 217 mm indicated the specimens
caught weres - dlready mature. The maximum and
mverage lengthse of Rostreliger brochysomo
|Indo-pacific mackerel ar “pelaling”) ware 227 mm and
180.5 mm, respectively, Only a small number of neritic
tuna ware caught - seven frigate tuna (Auxis thargrd)
and one kawakawa (Euthpnnus offiniz). A small sample
of 34 fishes of Decopterus marvads! [Japanese scad)
gaves the maximum and average length as 192 mm and
159 mm), respectively,

Table & shows the fecundity and aversge sice of eggs of
tha thres abundant species; R brochysoma, R
kenagurtg, 0. maruadsl. R, kenoguria having a long
body fength produted 33,000 — 34,000 ova at each
spawning period. For A. brachysoma, the obsernved
fecundity was 17,000 — 30,000 ¢va at each spawning
The diameters of the ova In /. kenggurta seemed to be
evan st 0.49 mm while in A. brochysomao, the size varied
from 042 — 0,51 mm. Flgure 4 shows the relationship
between body welght arid numbaer of ova. I seams thal
the number of ova In the eggs his & direct relationship
with body walght

Figure & shows the calch distributions of Rostrelliger
kanogurta along the Stralts of Malscca during the
survey., The higher catches were observed in the
northern areas between Pulau Ltangkawi and Penang
towards the deeper areas. The highest eatch was 11.6
kg per half an hour at Station 4. Rasctrelliger
brachy<oma was found In three stations. Two stations
were located |n the coastal ateas off Kedah and one In
the southern part of the survey area, The highest catch
rate was 2.7 kg per half an hour &t Haul 7 [Figure &),
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The percentage of mature fsh of A brechysomao, R,
kanagurta and D. maruads) were found to be sbove
80% of the total number caught, Fish weré categorized
ay midture when the gonadosomatic index (GS1) was
above 3.0, Figurs 7 shows the percantage of mature
fish. Most of them were found between Pulau Langkawl
and Penang.

Maost of the selected major pelagic species were found
to be abundant In the northern waters off Kedah and
Fenang. Rostrelifger kanagurta in particular, showed &
well distributed pattern when compared to R
brochysoma and Decopterus maruodsi. The areas
where the paiagic fish wera abundant are known to be
the main fishing grounds not only for the purse seine
vessels but also fish trawlers. However, the chsermtion
and analysis of the data for this survey were solely
dependent on the fish samples caught by the
high-opemng trawl; the true sizes of the pelagic fish
zchoals were not wall represented,

Based on the body size and maturity stages of the fish
species caught, It seemead that the period of February
and March could be the spawning season of Rostrefliger
konagurta, R, brochysoma and Decopterus moruods!, In
the same area berwesn Pulau Langkaw! and Penang,
the northeast monsoon seasan s the spawning peried
of most species of cephalopods such as Loligo duvaucelll
and Sepioteuthis lessoniona

i3 Fish Genetics and Morphometric Study
334 Tritss morphometric analysis

Iin the stepwise diseriminant functian analysis the first
two functions which contributed significantly 1o the
discriminant accounted for B4.1% of the between group
variabllity. All 18 variables contributed significantly to
the multivariale discriminant of the populations,
Percent classification success (PCS) for each sample, the
generalized Mahalanobls distances {D2) and F-statistics
for the two species are presented in Table 7. The
F-statistics indicated highly significant difference on the
truss  element  Mahalanobis  distances with &
Morth-5outh geographical gradient. Two clusters of
homogeneous groups were observed in . konoguria; i)
Hauls 1, 3, 6, off the coast of Kedah and Penang In the
North and Hauls 12, 14 and 15 off the coast of central
Parak In cantral Peninsular Malaysia. 11) Hauls 19and 20
located of the coast of the central Peninsular Malaysia

but towards the south (Figure 8).

R. brachysoma showed asimilar gradient with the
northern Haule 4 and 7 showing some degree of
distinction [rom the more southern Haul 23 found off
the coast of Selangor. However, adjustment for
multiple group comparison shows non significance for
all comparisons. As noted In Table 7, Hauls 15 was
significantly different fram other populations |n i
tluster hut after similar adjustment its group centrofds
Is not significantly different from Hauls 1, 8and 14, The
overall totsl reclassification mate was high at 81.8%
(Tahle 8), Based on OFI (which explained 70% of the
vartance) four truss elements were selected for the
distinction of R, konogurto from K. brochysomo (AL, AZ,
AG and 83). Within each species differentiation was
along DFZ (A2, A3, AS and AG) as shown in Table 3, For
both Intra and Inter species discrimination the head
related and the anterior part of the body seem to be
important for discrimination.

The results obtained from the truss morphometric
analysis suggpested the existance of two morphalogically
significantly differentiated groups of R, kanagurta along
the west coast of Peninsular Malaysia, with some slight
discrepancies in the placement of Haul 15  However
this site was shown to be not significantly different from
Haul 1, & and 14 (after statistical adjustment for
multiple comparisans] based an Mahalancbis distance.
The first group comprised populations in the north and
the central region off the coast of Perak and the second
of populabions |ust lurther south off the coast of
southern Perak  Within each ares, the overlapping
distribution of samples was probably attributable to
extensive migration In these waters. The same trend
was ahserved for A, Brachysomn [though not significant
but this was based on limited number of slee of
population). A paralle| pattern of dlﬂnrgﬁﬁlﬂun ﬂmwn
by both spacies suggested the presence of natural ar
artificial gecgraphical barrlers which could have
contributed largely to the emergence of differences
between populations existing between the areas north
and south of the coast of central Perak,

Examination of the contribution of sach marphometric
character ta discriminant funcions saw azebclation of
the head related characters and anterlor part of the
body fof stock differentation. R kenogurie and K,
brachysoma share similar morphological charactars but
again show differences in head related variables and




anterior part of the body. Such head refated differences
would normally sugpest the |nfluence of habitat
differences between the populations.  Variation In
pattern of head morphology s often attributed 1o the
exploltatian of diffsrent ecological nichas, as a rezult of
food avallabliity and type of prey (e.g. Hyndes et. al,
1997; Delariva and Agostnho, 2001} Water
temperature, prolonged swimming and currents have
also been suggested to account for these differences
although temperature may not have any bearing in this
study. As morphology i especially dependsnt on
environmental condidons durlng early  lifie-history
stages {Lindsey, 1988), phenotypic differentiation may
Indicata that malarity of fish spend their entire lives In
separate regions.

The detected high morphometric differentiation
indicates that extensive mixing does not occur between
the two rones to the nerth &nd south of the coast of
central Perak, This is confirmed by the high significant
Mahalanobis distance values observed between the
greas. MNevertheless, in general, fishes demonstrate
greater variance In morphalogical bralts bath within and
between populations than other vertebrates, and are
more  susceptible  to environmentally-induced
marphalogical variaton (Allendrof and Leary, 1388
Wimberger, 1992) as mentioned above.  However,
although environmental factors play @ major role In
phenatypic discreteness of aggrepations, restricted
movement may also lead to reproductive isolatiaon
resulting in genetic differentintion,

332 RAPD analysis

Of the 10 RAPD primers screened from Kits OPC
{Operon Technology, USa), five produced repeatable
ampiification products that yielded & total of 47
scorable markers with molecular size ranging from 300

ACQUSTIC AND PELAGIC FISH RESDURCE SUNVTY ON THE
WEST DUMET THF PEMINLLLAR LALAYTRLA

to 1200 base pair [bp). The number of scorable bands
amplified by each primer varied frem 8 — 9 In R
brachysame and 8= 1010 R, kenagurte. The percentage
of polymorphic locl showed s high value of 87.2% In &
kanrgurta but 3 low of 36.4% In A. brachysoma,

As expected, the UPGMA cluster anglysis using the Ne
similarity coefficient (Nei, 1972) showed (Flgure 8) two
mam  clusters- comprising of R kanagurta and R
brochysoma, respectively. Within the latter species
fair depgres of structuring was observed, although with
some overlap, most af which were botween Individuals
in the northem area, Hatls 4 and 7, The extenl of
structuring was mare evident In R kanegurte, almast
congruent with those observed In the morphometric
analysis with those populations to the north and south
off the coast of Perak forming separate cohesive groups,
The main difference was with Haul 15, Unlike: iy the
morphometric data where it grouped with the northern
group, hera thres of ite Individuals Introgreszed with the
southern cluster of 19 and 20 while a single individual
was clustered with Hauls 12 and 14 in central west coast
of Paninsular Malaysia. This suggests that Haul 15 waz
more genetically related to the southern populations
although gane flow to the neighbouring Hauls 12 and 14
still sccurs.

The PCOA chart (Figure 10) confirmed the findings as
was shown by the UPGMA analysis. The first principal
co-ordinate axis which sccounted for 39.6% of the total
viriance, separated the two species but not at
Intraspectes level. However, the second co-ardinate
anis which explained 11.7% of the total variation not
anly differentiited popllations north of the coest of
Perak from the more southern populations; but also to
# large extent from the northern population’ (Hauls 1
and 3} and from the central population (Mauls 12 and
14). The moderate percentage of the varlation (52%)
explained by the first two axes could be attributed to
gﬁ:l.an:': of genefic cohesiveness observed within
areas.

The RAPD method suggesis that there was a genstic

component 1o the phenotvpic differentiation obsarved

belween geographic reghons Analysis of Lhe RAPD
marker profiles ohiained for the R. konogurto samples
from the sampling location thows simifal trend to the
maorphometric studies, but pepulation structuring belng
maore @vidant and spatinlly corrected. Both thu'um
and PCO analysis shiow the farmation of thres clusters:

"
=
._'-

—
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anterior part of the body. Such head related differences
would normally suggest the |nfluence of habitat
differences between the populations.  Vatiation In
pattern of head morphology is often attributed to the
exploltatian of diffsrent ecolegical nichas, az a rezult of
food avallability and type of prey (e.2. Hyndes et. af,
1997; Delariva and Agostinho, 2001}, Water
remperature, prolonged swimming and currents have
also been suggested to account for these differences
although tempersture may not have any bearing in this
study. As marphology 1= sspecially dependent on
environmental conditions during early life-history
stages (Lindsey, 1988), phenotypic differentiation may
Indicata that majarity of fish spand their entire lives In

separate regions,

The detected high morphometric differentiation
indicates that extensive mixing does not occur between
the two zones to the north and south of the coast of
central Perak, This is confirmed by the high slgnificant
Mahalanobis distance values observed between the
areas. Mevertheless, in general, fishes demonstrate
greater variance in morphalogical traits both withinand
between populations than other vertebrates, and are
more  susceptible o envirenmentally-induced
marphological variadon (Allendrof and Leary, 1988
Wimberger, 1992) as mentioned zbove,  However,
although environmental factors play a major rale In
phenotypic discreteness. of aggregstions, restricted
movement may also lead to reproductve isolation
resulting in genetic differentistion.

4.0 CONCLUSIONS

The estimated biomass for the curreént survey was
23.8% less compared to the survey conducted in 1998,
This figure indicated that pelagic resources an the west
coast had experlenced a reduction and need special
altention, Scombridae end Carangidae formed the two
majar families of pelagic fish which were dominated by
Rastrelliger brochysoma, R konogurta, Decopterus
moruadss, Aukls thozord and Euthyanus offinis. Based
from the body slze of fish and maturity stages of the Hsh
species caught, it seemed that February and March
could be spawning season of Rastrelliger kanogurta, K.
brochysoma and O, morucdsi. The truss morphametric
and genetic study suggested the existence of twa fairly
self-contained stocks of R, kenogurta along the west
const of Peninsular Malaysia. The first group comprised
populations In the north and the central reglon off the

coasl of Perak, and the second of populations just
further south off the coast of southern Perak.

This study confirms the need for gathering and
combining genetic with physiological, ecological and
oceanographic Information when assessing the genetic
structure of highly sbundant, widely distributed and
high gene flow marine fish to facllitate the development
of management recommendations. As  such,
conservation strateies should aim at preserving the
diversity In sach area, as there may already ba local
adaptations that will be lost if the population iz mixed
with others, In Uhe case of R. brochysomo assessment
on a wider population |s required,
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Layer No | From (m) | To (m) Ra“?“ Layer Type

(m

PR EEE R PR
N RS AR HERS R
R
poxeedoTeedtoToaOTDeETETT o

Table 2: Sampling detalis af Rostrelliger kanogurto and R. brochysama used In the genetic
and morphological studies on the west coast of Peninsular Malaysia, 2006

Species Sample size Location (Haul No.) Date of capture

Rastrelliger kanagurta - | No.1 z4/02/06 -
14 Ko.3 25/02/06
4 o6 zrfozjo6
- No.12 0a/03/06
‘ Nos oa/03/06
5 No.19 08/03/06
L No.20 10/03/06
Total specimens 53
e ' 4 No.7 27/02/08
;j‘.- 10 No.23 13/03/06
- Total specimens M
~ & Grand total specimens L4
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Table 3: Morphometric variables analysed

Description
i Al Distanee between the Up of spout and the insertion of the Rrst dorsal fin
2 A2 Distance batween the insertionz of the first dorsal and pelvic Hne
3 A3 Distanee between the the of snout and the insertion of the pelvic fin
L Ad Distance between the Insertions of the first and second dorsal fing
5 A5 fHsrance between the inserons of the second dorsal and anal fing
& AL Dlstance between the insertions of the pelvic and anal fins
7 Bl Distance batween the Insertions of the first dorsal and aral fins
& B2 Distamee between the insermions of The pelvic and the second dorsal firn
) AT Dixtarice betwean the Insertions of the second dorsal and supsrior finlets
10 AS Distance botween the insertions of the first supenor and inferior finlets
11 A9 Distance batween the nsertions of anal fins and inferfor finlets
12 B3 Distance between the Inseértlons of the second darsal and Inferior finlets
L | B4 Distance batween the insertons of anal fins and supenar finlets
14 AlD Distance batwesn the Inwertions of the first and fifth superior finlets
15 all Distance between the nserthons of the fifth superior and inferor Minlets
16 AlZ Distance bhetween the inserfions of the first and Hith Inferior finlets
17 B5 Distance betweer the Insertlons of the first superior and fith Infertor fnlets
15 Bb Distance batween the insertions of the first Inferior and fifth supenor Hnlets
19 Al Standard length

Table 4: Estimation of pelagic fish density during the survey on the west coast of Peninsular
Malaysia, 2006

| Position | Average [pensity | iomass
LAT (N) [LONG (E)| TS (dB) | SA (dB) |Ton/km? | tonnes -

1 z 06’ 10 0" 55' 432 S50 9.9 3,405.97

2 3 06" 10 99° 45' 432 56,4 7.2 245741 »
3 4 06" 10" 99" 35" 432 57.0 6.3 2149.02 -
4 5 06* 10 99" 25' 432 57.3 S8 2 005.58 y

5 6 06" 10 99" 15’ 432 560 7.9 2705.46 b )
5 7 08' 10 95" 05" 432 595 35 1 208.48 s -
8 g 06" 00" 96 1%’ 45.1 550 119 A 782.85 w

a 10 06" 00" 99" 25/ 451 570 8.8 3017.78

10 1 06" 0o 99" 35' 450 52.0 65 2 738.20

e



Table 4: (Continued)

11
12
14
15
16
17
13
18
1
22
3

a5
ar
i8
25
a0
32
i3
34
35
36
38
39
a0
41
13

a5
46
a8
49

12
13
15
i6
17
18

B

n&" 00"
0e’ 0¢'
05" 50'
05’ s
05" 50'
05" 50
05" sg
05" 50'
05 ag’
05" ag'
05" 40'
05" 4’
05" a0
05" 30
05" ag'
05" 3¢/
05" 30’
05" 2o
05" 20'
05" 30’
05" 20
05" 20
05" 10"
o0s" 1o’
05" 10
05" 10
05° oo’
05 oo
05" oo’
05" 0o’
04" 50
04" 50
04" 50

Position

93° 45
95° 55'
1007 O5'
99" 55
99" 45"
95" 35'
g9' 25'
997 1%
95" 28"
au* 3%’
357 45'
95" 55°
1007 05"
99" 55'
90" 45°
95" 35
a4 25’
ag7 2%
59 35"
958" 45'
997 55'
100° 05'
99 55’
99" 45
99" 35
L
a5* 35
89" 45'
9" 55'
100° 45’
100" 15
1007 05
94" 55'

49.0
-19.0
50,3
-50.3
50,1
501
-50.1
435
-48.5
435
-51.2
512
51.2
-50.0
50.0
-50.0
537
-53.7
-53.7
53.7
<537
53.7
-53.7
-49.0
49.0
-49.0
A9.0
-49.0
-49.0
-49.0
-49.0
48.8

ADOUSTIC AND: FELAGIC FISH RESDURCE SLIAVEY ON THE
WEST COALT TF PEMIMELILAT MALAYTIA

TS idﬂ} SA (dB)

<59.0
‘610
=59.2
S84
<58.1
-60.0
611
-60.3
58,4
604
63.0
-62.0
-58.0
-58.¢
-57.0
59,2
-£0.0
-583
574
61.0
B0
£4.0
52.6
-53.0
-61.1
S36.0
-55.0
-60.1
-B5.0
.2
=63.0
614
-62.7

Density
Ton/km?

13.0
8.2
12.4
10.2
87
11.8
92
11.0
136
10.1
55
52
13.0
114
1.2
12.8
106
6.9
9.7
a7
3z
23
32
2.9
1.5
4.2
12.1
04
3.0
58
4.8
T
51

Biomass
tonnes

A 467.79
2818.98
A 266.70
3502.48
298109
A 05840
315032
3787.52
4 676.50
3 466.74
1905.11
177303
4 466,21
380137
727553
4,383.94
3 64640
2366.41
334264
1599.89
127084

B01.84
1106.85
100346
257257
8 314.60
417223
323868
104802
199695
16560.99
240087
1750.09
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Table 4: (Continued)

Position Average Density Biomass

LAT (N) LONG (E) TS(dB) SA (dB) Ton/km® tonnes
51 52 04" 50° 99 45' 48.8 -63.0 48 1.633.27
52 53 04" 50' 99" 35' 488 0.0 95 3,258.81
54 55 04~ a0 99" 3%’ -18.8 -54.0 3.8 1,297.36
55 56 04" 40 99" 45" 438 570 18.9 6,502.18
56 57 04" an' 99" 55 -A8.2 614 34 118271
57 5@ oa* an’ 100° 05° 48.2 -60.0 48 1.632.59
58 50 04" 40 100" 18 482 £2.0 1.0 1,030.10
GO 61 04" 30 1007 25° -AB.2 -G2.8 2.5 B56.E0
31 62 04" 30 1007 158" 48.2 583 7.0 2414.78
62 B3 04" 30 100" a5 482 -50.0 A8 1,632.59
63 64 04" 30° 85° 55' 482 580 75 2.587.49
64 65 04" 3p' 49" 45' 48.2 59,2 5.7 1,962.81
65 66 04" 30 99" 35" 482 56,8 2,9 3,410.97
67 68 04" 20 49° a5’ 455 -58.0 56 1,932.63
B8 63 04" 200 99° 55 455 -58.0 1.5 1,535.14
69 70 04" 20" 100° 05' 455 54,0 14.1 4.853.55
70 7 04" 20' 100" 15' -45.5 65.0 14 385.561
rh) 73 0a” 10 100" 25" 55 550 112 3,856.11
73 M 04" 10° 100" 15 55.4 66.1 42 1,436.91
74 75 D4 10’ 100° 08 554 54,2 74 2,555.72 -
75 76 04" 10" 99" 55' 50.1 60.0 41 1.413.76
76 7 04" 10 99" 45' -50.1 57,7 70 2,400.91 e
79 78 04" o' 997 55° 50,1 614 30 1,048.03 e
BO T3 04" 0ot 100" 05 -50.1 -59.0 5.2 1, 7381 .
1 80 04" 00' 100" 15' 482 633 23 796.55
.7 81 04" oo 100" 25" 48.2 ST.A 9.0 3,088.592
a5 84 03* 50’ 100° 05 492 50.2 4,7 1,626.34
84 83 03" 50 100" 15' A32 504 87 1,955.29
HiA B3 03" 50° 100° 25" -4B.2 -5B8.9 B4 2,193.87
86 87 03" 40’ 100" 15" 482 580 79 2,699.05
BT B3 03" a0 100 25° ~48.2 52.1 21 1,050.05
a4 8 03" 40’ 100735 4R.2 562 75 2,577.57
a0 91 03" 30' 100" 45° 432 59,1 6.1 209513
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Table &: (Continued)

| Posifon | Average [Density | Biomass
LAT (N) |LONG (E) TS[dE,‘l SA [dE} Ton,."km tonnes

51 92 03" 3¢ 1007 35' 170298
an 2 o3’ i’ 100° 25 -48.2 -571.0 2.3 333790
94 a5 03" 20 100" 35' -48.2 -60.0 5.0 1,702.98
a5 36 03" 20 100" 45' 53.5 63.8 3.6 1324.82
6 97 03" 20 100° 55' 53.5 -54.0 53 1,837.81
10U 101 0" 10 100" 45° 53.5 B850 L 145381
Total Ares 27,838 km’ Blomass Total 75 209,797.71

1 nm = 343,676 km?

Table 5: Length information of selected pelagic species caught during the survey on the wes! coast
of Peninsular Malaysia, 2006

length (mm}

Spesies Sample No.
averdge
Restrelliger Kanagurta 117 235 167 217
Risstrefliger brochysome 137 217 157 1B0.5
Decapterus maroads) 34 bl d 293 159
Euthpnnus affinls 1 255
Auxic tharord T 350 £20 2726

Table 6: Fecundity of selected pelagic species obtained during the survey on the weast coast of
Peninsular Malaysia, 2006

Total lenght | Body Gonad GSI No of Diameter
{mm) wt. [g) | wt. [g) BEES ege (mm)

Rosrrailiqer Kanagurta 3 230 135.1 7.2 5.63 33,896 0.4538
3 212 108.5 6.0 5.80 31,824 04977
B 217 1125 1o 5.64 33032 04871
B 228 12549 78 639 32.636 0.4782
Rastrefliger brachysoma 4 181 6.4 71 11.58 29,548 0.4220
4 180 65.0 4.5 744 15.000 04275
4 17e B5.1 54 9.05 17,884 0.5127
4 195 B1.1 57 T.46 28,548 0.4041
7 205 968 59 £.49 25,514 04297
7 176 BL6 4.5 T.88 17,918 D434
Decapterus marvods! 5 175 65.0 3.2 5.18 10,956 0.3284

16
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Table 9: The first three sigenvectors and percentages of total variance explained by the sigenvalues
obtained from DFA Function Coefficients

ALTRAN .768 223 -163
AZTRAN -1.253 508 =273
BITRAN -510 036 -024
BZTRAN 396 134 556
ATTRAN .268 - A48 W
ABTRAN -.231 =715 Aa0
ASTRAN 260 =075 -.304
B3TRAN 526 330 .280
BATRAN =055 =063 -014
ALOTRAN 435 ~611 798
ALITRAN <023 -~075 330
Al1ZTRAN .1R0 31 =193
BSTRAN -.164 -4 -257
BETRAN 5 352 -.086
Eigenvalue 14.68 2.34 0.86
% variance 70.00 14.1 4.1
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e - - l-qr
3o Figure 1: Acoustic cruise tracks.and sampling stations during the survey by MV SEAFDEC2 on the west
- coast of Peninsular Malaysia, 2006
‘ -
&
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Figure 3: Diagram of Rastrelliger sp, showing the 18 variables (Including standsrd length) measured

35000 1
30000

o= 2T RN
R=0.62 |

Eaqg's number

0 50 100 150
Body weight (g)

Figure 4; Number of eggs In relation o the body weight of Rastrelliger brachysoma, R ,baﬂugurm:lmi '
Decapterus maruadsi sampled from the west coast of Peninsular Malaysia, 2006




23

Department of Fisheries Malaysia
WEST COAST OF PENINSULAR MALAYSIA

e ;‘\: i Y
[
=~ G ‘q‘krll lk"‘m.f \
¥\ ~
[ l”'“':j
6 ' J o
'L {\,’,.f;. M’ﬂ.;’r-l
. R
u PENANG
5
. = E:
™ J
I‘ ék?ﬂngkm
~ N
\‘\ : \_
Catch rate index (kg/0.5h )
3 (R. kanagurta) ?
® 01t 05 g -.\\
0.5 to 1 \L'\ s
2 1105 )
5 to 10 X
D "\ N A
2
98 99 100 101 102

Figure 51 Catch distributions of Rastrelliger kanggurta on the west coast of Peninsular Malaysia during
the survey in February-March, 2006
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Figure 6: Catch distributions of Rastrelliger brachysoma in the 5traits of Malacca during the
survey In February - March, 2006
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Figure 7: Maturlty (%) of major pelagic species an the west coast of Peninsular Malaysia during
the northeast monsoan, 2006
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FOREWORD

The west coast of Peninsular Malaysia is ane of the four main reglans for marine capture fisheries In the country,
This area is one of the most productive In the country and barbours marine rescurces of great diversity, Including pelagic
fish species. The production from this area in the year 2008 amounted to 540,042 metric tans, which Is eguivalent to 46%
of the rotal national production. The contribution of the pelogic fish resources In this arca alone is 17% of the national
production. They also contributed 37% of the total production from this area. Due to the schooling and migratory
behavior of pelagic fishes, the annual production over the years shows fluctuating trends. Envinonmental factors also
Influence the temparal and spatial presence of this resource, Therefore, besides land-based pollution, habitat
devastation and over-fishing are among the lssues that need to be addressed to sustain the present level of production
of this fish group.

Acoustic survey [s the useful technique to determine the abundance and first estimation of the small pelagic fish
stock blomass. Analysls of this data together with the present landings from commersial fishing provides & rough
estimare of the rezource potential for sustainable exploitation. Measuring same of the anvironmental parameters
deemed to be of importance to pelagic fish during the conduct of survey provides better understanding on the factors
sffecting thelr distributian, Al of this Information are very Important and formed the basts far the development of
managémant measures that need to be undertaken by fisheries managers. All research findings, Intluding those from
resource surveys, will ba taken Into serious consideration In the declsion-making process during the formulation of
fisheries management plans.

By documenting all the findings from this survey into & book, important scientific information will riot be lost and
instead he avallabie far future reference. This (s partcularly Impartant in the case of pelagic fish resources as the
ecosystern, or Lhe environment, is @ critical factor for its survivial. Subsequently, the management of this resource should
be based an the ecosystem approach, This means that the sustainable exploltation of the resource not only rest on
managing the natural resources, but also the surroundings and the habitats where these resources depend on

Finally, | wish to thank the researchers and the technical staff of the Fisheries Research Institute (FRI) and the
Marine Fizhery Resources Development and Management Department [MFROMD) wha have participated in this survey,

DATD' JUNAIDI CHE AYUB
Diector-General Duepartrment

of Fisheries Malaysia
Putrajays




PREFACE

e findings presented in this book came from the
pelagic fish resource survey conducted off the west coast of
Peninsular Malaysia from 23 Fabruary to 13 Mw_-h 2006. The
survey area covered were the waters of Perlls, Kedah,
Penang, Perak and Selangor using MV SEAFDEC 2, a research
vessel belonging to the Southesst Asian Fisherles
Development Center (SEAFDEC) and based In Banghkok,
Thalland. This 211 GRT trawler s capable of conducting fsh
resource surveys and is fully eguipped with acoustic and
oceanographic survey equipments.

Apart from conducting pelagic fish surveys by means
-of acoustic method, other related studies were also carried
out, Include oceznography and f-F!hln;, Due to tha
multidisciplinary nature of the !ltlldﬁﬁ Involved and the
limited expertise among the department’s researchers,
collaborative research was arranged with & number of local
research organizations. Researchers from Universiti Sains
Malaysia (USM), Universitt Malaysia Terengganu [UMT) and
the Mineral & Geosciences Department participated in
“various components of the study, This collaborative effort
provided 3 good avenue tor the sharing of expertise amaong
‘the different organizations, as well @s enabling @ wide range
of research 1o be carrled out. | hape this kind of callaboration
would be continued and echanced in future undertakings.

This book presents the outcomes of the various data
analysis and (nformation obtained during the survey, It aiso
provides recommendations for the proper development and
management of the pelagic Rshery resources in the west
coast of Peninsular Malaysia.

Lastly, the Depanment of Fisheries: Malaysia,
particularly the Fisheries Research Institute, wish to record
s gratitude to all who have madé this survey a success;
namely, researchers and technical staff of the Department of
Fisheries Malaysia, the scientist from SEAFDEC, local
universities; USM and UMT and from the Mineral &
Geosciences Department, The wholehearted contribution
from the captain and crew of MV SEAFDECZ during tha
course of the survey are alse very much appreciated.

Thank you.

ACOMETCAND PELAMIIC FSH RFSCUNCE SUNVEY OM THE
WEST SOMAST OF RFAIMELIE AR AALATILA
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o Flgure 17; Cluster analysis of macrobenthos density (Ind.m-2) accarding to station In the
MV SEAFDEC 2 survey on the west coast of Peninsular Malaysia, 2006
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MY SEAFDEC 2 SURVEY 2006:
Macrobanthos Composition Comparison in Kadah Watars
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Figure 18: Comparison of major macrobenthos group mean densities {ind.m) and water
depth (m) with previous studies conducted in Kedah water

MV SEAFDEC 2 SURVEY 2004:
Major Mecrobenthos Group Denuity Over Time in Kedah Waters
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Figure 19: Comparisan of major macrobenthos density |ind.m™} over time In Kedah water
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WATER QUALITY, HYDROCARBON, HEAVY METALS
AND MACROBENTHOS SURVEYS ON THE WEST COAST OF PENINSULAR MALAYSIA

Abd Razak Latun®, Shahuntala Devl®, Ahmad Husin
Allas", Ryon Slow", Maralina All', Noor Azhar Mohd.
ShazilP, Khairun Yahya!, Nurul Salmi Abdul Latip®,
Choo Kim Ming® and loseph Bidal®

'Fisheries Research Institute, 11960 Batu Maung,
Penang.
fInstitute of Oceanography, Kole] Universiti Sains dan
Teknologl Malaysia (KUSTEM), 21030 Kuala
Terengganu,
2ehool of Blologlcal Science, Univarsit Sains
Malaysia, 11800 Minden, Panang.

ABSTRACT

Wirter quality, total petrofeum hydracarbon, heavy metals and
macrabenthos community studies were conducted (0 the
Malaysian side of the Straits of Malacca, covering he aregs
from Longkawd island in Kedoh to Part Klang In Selangor. The
studles were port of the ocoustic and pceonogrophic survey
programme on the west coast of Perinsutor Molopsio amd wers
carried aut in lte Februcry 2006, Twenty three stofions were
pre-determined o5 oceonogrophic sompling sites in the study
area, Generolly, there were no obvious variations ef cmmonia,
nitrite, nitrate, chlorophyll @' ond TSS concentrations sven
though a high amount of nitrite was recerded from the bottom
ot Stafion 93 and o high concentrofion of chioraphyll o was
fecarded ot the bottom df Stotion 1. The concentration af
ammonia increosed o3 the sompling stotfons progressed (o the
sl  The menn concentrotion of avmmomio i the serfore
from all stations was 1,667 pg/.  From this reséarch it was
found that the omount of emmenia, nitrite and T35 increased
as the stetions progressed 6 the soouth, However the amount
of arthophosphate dacreasad towords the southern part, The
molsture content in the sediments had o wide range off 17% o
70 % af the todel weight of sedirment, Stations that were dioser
ta the coast generally hod o highsr molsture content camparéd
o the rest. Results from olf 23 stotions for rotal petroleum
fydrocarbon fevel in weter and sediment somples were below
the level af reporting (LOR) L. 50 pg/l for water and for each
Jrocoion of the sediment somples the C6-C2 were <5 mg/ikg;
CI0-L18 were < 50 myg/hg: C15-628 < 100 myg/fhg! (29036 <
1Y mo/kg. Although the cancentrotions were balow thelr LOR,
one stotfan Le, Station 20 {located off the coast of Kedahj, had
a higher concentration thon the rest, The location af this
storion was - forther from the ooost ond the finding was
surprising considering the foct thar pollution & usually
encountered fn pear-coast locotions.  The totol concentrotions
of Co, Cu, Cr, N Ma, Fe, and 2a were measured o sedimeant
coffected from che study orea, Concencrotions of merals were
generolly fower thar continental crust vofues oml the volues
were comparahle to previous studies in the Straits of Malacea
and in near-shore sediment of the Strofts of Johor and In the
Penang-Jurnd areas. fopes of accurmulation of metds o
sediment were off Teluk Intan-Lumur extending north-wess,
fotlowing the dominmont flow of current in: the Strafts of
Malmcoa.. For Fe. N amd Zn, the sedimentary environmenl off
Sg. Petanl was onother accurmilation rome. Macrobenthos
sampling was . corried out wsing o Smith Me-intyre grob
pnboord MV SEAFDEC 2. The mean density of toil

macrobenathas desived from tis study was 406 £ 293 ind.m?

The highest density wos found or Stanion 84 (1,170 fndm™)
while the lowest density waos Jound ot Station 17 (60 indumr?).
The pverage depth recotded from the sompling stafians wos 53
£ 20 m. The benthic community was domingted by the
following five groups in descending order (meon density in
hracket); Amphipods (136 indn?), Polychaetes (136 ind )
Ostraceds (31 ind.m?), Tholassinidae (13 Ind.m®) and
Copepoda (12 fnd.m*). Other organisms were ofso presemnt but
i derwe by oF oecurrence. Erusiocsan comrnities hod
increcsad significantly cver the years and there were signe of
diminished domimance of polychoetes and prominent
pccuirences of crustoceans such as amphinods  ostrocods,
phost shrimp: and copepods Clear dominance of certain
mocrobenthos groups in speclfic regions In the Srroits - of
Mulpcce were found In this study. The aorthetn regions from
the offshore warers of Langkow! to coostol worers af upper
Lumut In Perok wos dominated by the polychoete grovp. The
enmsted nren of Penang ifand and orea from Lumut down fo He
border of Selongor were dominated by crustaceans such as
omphipods ond ostrocods. Polychaetes ogain dominated the
benthos community in Setopgor woters excepl for the greo
araund Porr Klang,

Kepwords: Woter gquubty, Tofm! petrleem hydeoceebons,
Heavy metals, Mocrebenthas, Distribution

Lo INTRODUCTION

The Strails of Malscea |s one of e most important wates
hodies for the marine capture fisheries production in Malaysia
and ls alse one of the oidexr and busiest shipping lanes in the
world, Tire Straits bs the shartest lnk for ships moving btwedn
the indian Dcean and the Padfic Goean. For this study, The
sampling sites wars located in tha Malaysian side of the Strais
of Malacea, spenning from Langkawi ksland n Kedah to Porl
Kiang in Sefangor, with an estmated area coverage of 35,000
kv,

Estuaries and coastal zones receive inputs of poliutants from
point and nan-paint sources, mast of which are sventually
diluted st sea or depotited In estuaring sediments [Wels et.al,
1592}, Sediments act a8 sinks for metals and other pollutants
and a5 such 'thalr concentrations in fhe sedimsntary
emvironment B fndicative of the weter column pollutant load
nnd nputs from: land-baged pallufion sources. Poflution by
haavy metals deserves spacial attantion becsuse of their high
toxlcity and perslstence In the sguatic environment, especially
with respect To sich ecotystems 3s seaports or other
Industriniized coastal areas that recaive chronlc Inpirs of thase
metals (Wels et.ol, 1992). Most of the Sudbes in the Straits of
Malpcea enviranment were for nasrshore sediments snd very
few studies have baen done on offihore sedimanty. Studiss on
mtal contents of offshore sedimenty, done s the Malaysian
sider of the Seuth Chiina Sea, hwve been reported by Shatili ef.
ol (1990a; 1999h). Mot of thase studiar indicite thet 2
number of metals are fower Ih concentration than in everags
earth crust material

Petroteum | hydrocarbons - are commonly fourned in mariee
sediments in harbours and dockyards. The source of
tontaminatian Is from spillages during transpormation a2 well =




ballast water discharges, They are a pollitant of
concern as high concentrations have been reported o
be toxic to marine life. Of prime concern are the volatile
and aromatic fractions maost of which are carcinogenie,
mutagenic and embryotoxic

The macrobenthos study |5 important as it will provide
part of the oceanographic Information that can be
utilized |n the management of Ashery resources. The
status of the macrobenthic communities is often used
a5 an indicatar of benthic emvironment heaith and
conditon, Macrohenthos communities play a vital role
in the food web of tha marine environment. Interms of
ecological importance, Invertebrates are directly
Invalved 'in  ecosysterm  stabilization, shoreline
protection, energy and nutriem transfer and provision
of habitat. They also help In climate stabilization and
re-mineralzation (Ponder et.ol, 2002},

Studies on water quallty and benthos which cover the
enlire Straits of Malacca are very few and far between.
Many of the recent studies only covered certdin regions
or were concentraled In coastal aregs such as those
done by Othman and Arshad (1994), Ong and Zubir
(1997), Gopinath et.ol. (2000), Samsudin er.al (2005)
and Slow and Adnan (2005), The only study in recent
years that did cover the deeper waters af the Stralts of
Malacca was by Solahuddin {2001), who did a similar
study under the Fisheries Resources Survey Program In
the Exclusive Economic Zone (EEZ} of Malaysia back in
year 1898, The lack of new studles may be due m the
high expenditure and appropristion of sujtable
equipment and vesse| required to conduct such a large
scale survey, Thus, the opportunity to conduct such 3
study during the acoustic and oceanographic survey on
the west coast of Peninsular Malaysia In late February
2006 was tully utilized snd this had generated some
naw [nfarmation pertaining to the ocesnographic
conditions, distribution and status of water guallty,
petroleurn  hydrocarbons,  heavy  metals  and
macrobenthas communities in the Straits of Malacea.

0 MATERIALS AND METHODS

Oceanographic observations were carried out from 23
February — 15 March 2006 by MV SEAFDEC 2 at 23
stations on the west coast of Penlnsular Malaysia {from
Langkaw! to Porr Klang) (Flgurel and Table 1), Two
maln activities, composing of the physical and biologlcal

oceanagraphic surveys, were conducted at sach statian.

2.1 Vertical Prafifes of Woter Choracteristics

In order to obialn the vertical profiies of water
characteristics, the ICTD system equipped with thres
main sensors for conductivity, temperature and daepth
and four wuxlliary sansors for dissolved oxygen, pH,

chigraphyll fluorometer and PAR was used, The ICTD

was deployed from the sea surface to approximately 5m
above ses bottorn et & constant velocity 0.5 m/s and

ACDOUSTIC AND PELAGIC FISH RESDURCE SLIMVEY ON THE
WEST DOALY OF PENINLLILAR MALAYELA

retrieved to the surface at a similar speed in order to
study the waler characteristics. All parameters st gach
station were divided o down cast and wp cast and
averaged into 1m Intervals.

22 Water Quality Study

Carousel witer samplers No, 7-12 of ICTD were used to
collect water at three depths: surface, middle and
bottom. One-litre water samples from each depth were
then transfermed Inta plastic sample bottles and frozen
for nutrient analysis,

Analysis of nitrite, nitrate, ammonia, orthophosphate,
silicate, total suspended solids [T55) and chlarophyll-a
were done according to APHA [1992). All samples were
thawed at room temperature befare analysis. One way
ANOVA was done using 5P5% version 11.5 to detect
statistically significant interactons between stations
and water levels,

The analysls in this report was conducted with
reference Lo established methods of dividing Uhe area in
the Straits of Malacca Inte meaningful groups, areas ot
rones. The divisions show longitudinal and latitudinal
characteristics of sampling stations. Laditudinal division
comprised three xones; upper (Stations 1, 4, 7,14, 17,
20, 27, 30), middle (Stations 39, 42, 48, 51, 60, 63, 66,
72, 74, 76) and lower (Stations B3. 84,80, 92. 100)
Longitudinal division was based on distances of
sampling stations from the sharelines in nautical miles
[nm). MNear-shore stations were Ipcated less than 12nm
while offshore stations were more than 12nm from
shareline (Figure 2),

2.3 Distribution of Total Petrolzum
Hydrocarbons

sampling Tor total petroleum hydrecarbons n the
Straits of Malacea was carried out using MV SEAFDEE 2
gl positions shown In Figure 1. Water samples of one
litre {11) were collected 1m below sea surface using the
Miskin Bottle sampler. Care was taken to collect watar
up to overllow and the boltles were sealed and stored
at chill temperature (40°C) during the survey.

Sea bed sediment was collected using & Smith Melntyre
sediment grab. Sub-samples of S00g from each
sampling station were collected into glass bottles and
stored chilled during the survey. At the completion of
each survay trip |2, three In all, the sample bottles were
transported in ice to & private laboratory (ALS
Technichem) for total potroleum hydrocarbon analysis
fallowing the methodology outlined In USEPA 3510C
|extraction), BO150 (analysis). ALS Technichem Is a
laboratory accredited for petroleum  hydrocarbon
analysis In water and sediments (Akreditasi SAMM
Malaysia, 2002).
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24 Distribution of Heavy Metals

The methodology for sample collection, preparation
and metal @analyies adopted in the present stody was
similar to that used during previous work of Wood er.al
(1897) In the Straits of Johor.

Sediment samples were collectéd using a Smith
Melntyre grab. Thetop Scm of sediment were carefully
collected with -a clean plastic spatula and Eept in
acid-cleaned zip lock bag. The samples were preserved
at —20°C untii ready for 3nalysis,

Samples were dried gt 95°C then lightly ground to break
up the particies. The sediment was sieved through a
63pum mash and about 0.5g allquors of this siit and clay
fraction were then totally digested in a mooture of nitre,
perchioric, hydrofluoric and hydrochloric acids in closed
taflon vessaels. Heating was carried out by microwava
heating In o Milestone unit for 30 minutes at 210°C at
100bar, The digest was then made up to 50mi with
deinized water,

Metals were analyzed Using 3 Varian fast sequential
flame atomic absorption spectrophotometer equipped
with Deuterivm corrector. For quality ‘assurance, @
standard reference materfal [1646a Estuarine
Sediment] from the National institute of Standards and
Technology was digested as above and analyzed for
metale. Analyses of NBS 1646a Estuarine Sediment
(Mational Buréau of Standards) indicated good
recoveries af most of the metals (Table 2) studied

25 Study on Macrobenthos

Sampling was conducted In three sessions (crulses),
beginning from 23 February 2006 ' 15 March 2006,
Twenty three stations were pre-determined as
oceanographic sampiing sites along the Malaysian side
of the Straits of Malacca and macrobenthes sampling
was carried out using a Smith Me-Intyre grab with a
mouth opening of 0.1m". Ona to three replicate samples
were obtained from each station depentding on weather
and sea condittons. Sediment abtained by the prab was
filtered with seawaler on-site through & 450mm
diameter sieve with a mesh size of #30 (600 jm),
Materials retained on the sleve were fixed In 10%
buffered ses water-formalin and brought to the
laboratory for sorting and identification.  Macrofauna
found were sorted, enumerated and identified. The
incations of the oceanographic stations where
macrobanthos sampling was done is shown in Figure 1.




an RESULTS AND DISCUSSION
31 Vertical Profiies of Water Choroeteristics

Temperature profiles at eéach station ane shown In
Figure 3. Water temperature at the surface (1o 5m
below the surface} ranged from 28-31*C for all the
stations. Station 12 showed a clear thermocling layer al
the depth of 30m,

Salinity profiles at each statlon are shown In Figure 4.
Surface sallnity for mast of the statlons ranged from
31-32 pru. Some of the stations showed a halacline
layer at 15-20m deep.,

The pH profiles at all stations were rather uniform, In
the range of B.S to 9.0 as shown in Flgure 5. Figure 6
provides the profiles for fluorescence High
fluorescence values at the depth of 20-30m Indicated
high chloroghyll concentrations.

B Water Qualkty Study
321 Ammaonio

The mean concentration of ammonia at all stations was
1.53 pg/L. The lowest concentration of ammaonia was
0.254 pg/L (Station 20, middle) and the highest was 3.64
pafL (Station 100, surface). There was a significant
difference In' ammania betwesn stations (Figure 7).
There were two distinet groups of sampling stations
that varled signihcantly (ANOVA, p<0.05), Group 1
conslsted of Statfona 1, 4, 7, 24, 17, 20, 27 and 30, while
the second group consisted of Statlons 39, 42, 48,51, &,
B3, 66, 72, 74, 76, £3; 84, 50, 92 and 100. The smounl
of ammonia In the second group was significantly higher
than the first group.

The mean concentration of ammonta at the surface for
all statfons was LERT yu/l. This valie was lower than
that recorded by Law etal, (2000) and Nontjl (2001]
where the means were 19572 ug/l and 130.2 ug/L,

respectively, Howsver, the findings In this study were

similar to the previcus study by Law etal (2001a, b)

whers the concentration of ammeania decresed with
depth.

322  Sillcote

Generally, the bottom waler sample had @ higher
concentration of silicate followed by the middle-water
sample (Figura B, The same Rndings was made by

Simantujak erol (1984), A hgher concentration of.

dissolved silica at the bottom was due to the silica
release from diatom skeletons deposited on the sea
bottom (Kamatani, 1982). It was alio reported that 80%
of diatom skeletons dissalved In less-thian 10 days, A
low amount of silicate at the surface may be caused by
the assimilation of silica, In large quantities by diatoms,
to synthesis their cell walls ar frustules (Vosof =t.al,
2001). i .

ACOUSTIC AND PELAGIC PISH NESDURCE SLIRVEY ON THE
WEST COMET T5F PEANINELLAK AMALAYILA

There was ne significant differencs in the concentration
of sllicate belween stations but there was a significanl
difference between levels. The mean concentration of
siligate was 430,15 pg/L The highest value recorded
was 1,013.88 pg/L (Station 90, surface), while the
lowest was 143.14 pg/L (Station 83, surface), ANOVA
test by level showed that the amount of silicate on the
surface and middle was significantly different from the
bottom [p<05), An unusually high concéntration of
silicate was recorded at the surface of Station 90.

223 Orthophosphate

Onhophosphate was generally high In the bottom,
followed by the middle and the surface water samples
[Flgure 9), The concentration of orthophosphate al the
surface, middle and bottam were significantly different.
This is In agreement with previous research [Law et.al,
2000) but contradicted with the findings made by
Tengku and Yusoff [1998] which showed that
orthophosphats  decreased  with  depth, The
concerntration ranged from 0.31 pefl (Station 48,
surface) te A8 pg/L (Station 7, surface and Station 30,
bottom) and the mean concentration was 2.35 pg/fL

The mean orthophosphate at the surface from the
previous study was 7.495 pg/flL which was much higher
than the mean recorded for this study (1563 pg/L).
Even one of the earlier studies conducted in the EEZ off
Sabah, Sarawak and Brunel (Tenghu and Yusoff, 1998)
also showed a higher orthophosphate concentration of
4.34 ugf. compared to this study The low
arthophosphate concentration at the surface in this
study could have been caused by the active process of
primary production by phytaplankton which reduced
the orthophosphate level (Law eral, 20013, b), while
the high levels of orthophosphate at the battom could
be due ta the active mineralization process that occured
in the spdiment of tha Streits. | As phytoplankton and
ather organisms die;, phosphate is generated n the
water column  (Millera, 1998}, The flux of
orthophosphats from the sediment to the overlying
bottam will enrich the water with phosphate [Law et.al,,
2001a, 2001b}.

324  Chlerophllo

There was no significant differance in the concentration
ot chiorophyll o betwesn |evels, but when compared by
statlon, the difference was significant (Figure 10).
Statlon 1 was slgnificantly different from the other
stations, The concentration of chiorophyll o vanad from
0.00 pg/L (station 4, middle, Station 7, bottom, Station
17, surface, Statfon 17, middie, Station 20, middle,
Station 21, surface, Station 30, surface) to 2.83 /L
[Station 1, bottom).

The mean chloraphyll @ at the middle and battom of
near-shore stations were higher than statfons locared

-rd
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offshore. The mesn chlorophyll 2 &t the surface of
offshare stations was much higher due to higher light
penetration in near-shore stations. Lower chlorophyll @
at the surface compared to middle and bottom suggests
that there |5 a strong photo-lnhibition at the surface.
Gomes et ol (1992) reporied that phytoplankton
photosynthesis s strongly inhiblted at the surface at
most stations in the Andaman Sea. Ralhan and Ichikawa
{1986) also observed that makimum chlaraphyll @ tends
to occur near the bottom due to adaptation of most
photosynthetic cells to low light intensity,

3,25  Totol Suspended Solids, 1SS

There was na significant difference in the amount af TSS
between stations and levels (p»0.05). The amount of
T85 varled from 0.009 g/ (Staton 48, surface) to 0.132
g/L [Station 48, bottom] and the mean was 0,027 g/t
(Flgure 11). Generally Statioms 1-48 recorded higher
levels of TSS at the bottom, bt TSS were higher at the
surface at Stetions 51-100,

The concentration of a@mmonia, nitrite and 755
increased as the stadons progressed towards the south,
The higher rainfall on land especially in the area near
Port Klang could be a factor for the higher concentration
of ammania, nltrite and 7SS, This could be caused by
high organic pallution In this part of the Straits (Law
etol, 2000). Heawy rainfall on land will bring more
domestic waste to the sea (Law etf.of, 2001a, 2001b).
The higher T85 value found at stations Iocated towards
the south could slso be caused by the high shipping
activity In that area. Tha movement of propellers of
cargo ships could disturb the sediment at the seabed
and increased the T55 sepecially in shallow water., A
high amount of T55 In Station 48 (bottom) could have
been partly contributed by the high phytoplankton
biomass, which was related to the high concentration of
chlorophyll & recorded. A high underwster current can
alza contribute to the high T55 by disturhing the seabed
and increasing the bottom Lurbidity.

3.2.6 Nitrite

There was no significant difference In the concentration
of nitrite (Flgure 12} when compared by station and
level [p=0.05). The concentration of nitrite varied from
0.06 pg/L (Station 1, surface and Statlon 1, middie) 1o
882 pg/L (Station 93, bottom) and the mean was 0,74
HE/l. Generally the surface water had a lower
concentration of nitrite.

However the mean values of Law etal (2000] and
Montji {2001) were 1.582 pg/L and 7.28 ygf/L. These
were higher than tha mean {0.448 pg/l) recorded in the
study.

327  Nitrote

The mean nitrate level of surface water from Langkawi
to Port Klang was 82 = 75 g/l but two sampling
stations, Station 42 and Station 83A, showed higher
nitrate levels of 50.4 pe/land 252 pg/L. Station 83A was
adjacent to the Teluk Intan township,

In the mid-water column of the study area, the mean
mitrate level was 15 £ 13 pg/l which was relatively lawer
than the sea surface. Only Statian 72, which was located
In affshare Lumut, showed a high nitrate level of 49.2
pgsL.

At the ses bottom, the mean nitrate level was 17 £ 15
pe/L which was comparable to the mid-water column,
but @ few stations, such as Station 48 off Kuaia Kurau
and Station 72 off Lumut, showed high nitrate level of

5.7 and 34.8 pg/L, respectively.

There was no significant difference In the concentration
of nitrate (Figure 13) when compared by station and
level (p=0.05).

3.3 Distribution of Total Petroleum
Hydrocarbons

Total petroleum hydrocarbons In water were analyzed
as four fractions fe. C6-C9; C10-Cl4; C15-C28; and
£29-C36. The results for total petraleum hydrocarban
level in water samples from all 23 stations showed they
were balow the level of reporting of 50 pg/L [Table 3).

Sediment samples were cver-driad prior to extraction
with hexane. Aesults for percentage malsture are given
jn Table 4. The maisture content in the sediment had
ranged widely from 17.3 to 70 % of tha total weight of
sediment. Stations thit were closer to the coast (Figure
2} generally had @ higher meisture content compared to
the rest. Sedimenl from & coastal location would
probably have more silt than clay, and hence & higher
mojsture content.  Moisture content would also be
linked to the texture of sediment. . Sediment texture
would thus be quite different depending on the location
sampled and would also influence the content of
contaminant analyzed. Sediments sampled In an garier
syrvey In 1997 in the Gull of Thalland and off the 2ast
coast of Peninsilar Malaysia (Wongnapapan etal,
1358 also had varlable molsture content (26.61a 51,8
%) but the circulation effects in the Guif influenced the
distribution. Moreover the data sel was small: hence no
obvious pattern was penarated.

Again the hydrocsrbon content was analyzed as four
fractions similar ta water samplas; The resalts were all
balow lavel of reporting (LOR) for each fraction L.e. the
C5-CY weare < Enrg}'k;;mh-imtlﬁnﬂl*‘
C15-C28 < 100 mg/kg; C29-C36 < 100 mg/kg (Table 4).
Although the concenlrations were balow thelr LOR, one
station, |.e: Station 20, located off the coast of Kedah,




had & higher concentration than the rest. The location
of this stalion was farther from the coast and the inding
was surprising considening the fact that pollution 15
usually encountered in near-shore locations. The
plcture howewver is similar to one reported in an earlier
survgy I 1999 where  higher hydrocarbon
concentrations were reported In offshore locations in
the Gulf of Thalland (Wongnapapan etal, 1999),
Possible  reasons  suggested  included navigation
activiies along  shipping rmutes  or circulation
patterns-causing the redlistribution of hydrocarbans In
surface warers seftling anto sediments.

Owing to the rather high leve| of reporting (50 — 100
ppm} of the testing laboratory, certain hydrocarbon
concantrations were non-gdetectable, One sample, from
Station 100, was sent to another labaratory for 3 more
accurate assessment. The result was 3.6 mg/kg for
aliphatic hydrocarbons while sromatic hydrocarbons
were not detected, This number was higher than the
highest value of 1.368 mg/kg from sediment samples
collected during the earlier survey In the Gulf of
Thalland: In 1977. Even though lhere was only one
value, the result suggested that the level of
contamination by dissolved hydrocarbons was probably
much higher In the Stralts of Malacca than the Gulf of
Thailand and the east coast of Peninsular Malaysia as
the Straits of Malacca I3 a busy shipping lane. The
hydrography of the Straits of Malacca enables good
mixing with a strong current flow in 3 narth-south
direction, It is very passible that the locations sampled
were not near any port or harbour, Stations 90 and 100
were the clozest to Part Klang but the exact location of
sampling was not close snough to cover sediment
recalving fuel or crude oil splilages from shipping traffic.

The labaratory conducting the analysis reported good
recovery numbers for quallty control spikes (63 —107
2}, Further work will need to be carried oul with the
sediments In storage o denve actusl concentration
values using pre-concentration technigues.

34 Distribution of Heavy Metak

The concantrations of heavy metal In the sedimants of
the study area (Table 5) were lower than thelraverage
continental crust values. Only Fe was within Tis average
continental crust value. Continental crust values sre
6.28% for Fe, 126 ppm Cr, 65 ppm Zn, 25 ppm Cu, 56
ppm NI and 100 ppm Mn (Wedepahl, 1935) These

values were also generally lower than in sediment of the

Straits of Johar (Wood et.ol, 1997) and |0 Penang and

Jiru sediments (Wood stal, 1993), Cu values were

comparable to a previous study by Yap et.ol. (2002) In
sampling sites simliar Lo the present study. Cd and Pb
concentrations ware below the detaction limit of the
flame AAS. Dawn core metal concentrations in the core
from Station 48 showed no particular trend In their
distribution with depth In tha core [Table &),

ACDOUSTIC AND PELAGIC FISH RESDURCE SLIMVEY ON THE
WEST DOALY OF PENINLLILAR MALAYELA

Cu concentrations in the sediment of the study area in
the Straits of Malacca s generally lower than In
sediment from the South Ching Sea off Peninsular
Malaysla and Borneo (Shazill er.ol, 1999a, 1999b). This
may be due to the higher utilization of this nutrient
element by phytoplankton in the environment in the
Straits of Malacca,

Zones of accumulation of metals in sediment (Figure 14)
were off Teluk Intan-Lumur extending north-west,
fallowing the dominant flow of the current In the Straits
of Malacca. For Fe, Nl and Zn, the =edimentary
environment off 5g. Petanl was another accumulation
ane,

s Macrobenthos Study

The mean density of total macrobenthos derived from
the survey wis 406 £ 293 ind.mL. The highast density
was at Station 84 (1,170 ind.m?) while the lowest was
found Station 17 (80 Ind.m?). The aversge depth
recorded from the sampling stations was 52 £ 20m. The
macrobenthos density and water depth for every
station In the survey area are shown in Figure 15, The
breakdown of the major groups of macrobenthos is
shawn in Figure 16,

The benthic community was dominated by the
tollowing five groups In descending arder (mean density
in bracket): Amphipads (146 ind.m), Polychaetes {136
Ind.m?*), Ostracoda (31 ind.m?), Thalassinidae (13
ind.m”) and Copepoda (12 Ind.m”). Other organisms
were also present but in low numbers ar occurrence,
The thres most dominant benthos organisms for each
station are shown In Table 7.

A cluster analysis wes conducted using the
macrobenthos density values {polycheetes, crustacean,
other benthos, overall benthos) and station depth (m).
Thi results showed thal the 23 stations [n the survey
could be divided based on simlilarities [=50%) into seven
major groups. The firsl group consisted of Station 84
and Station 100 which were dominated by crustaceans
with high densities at 913 and 1,170 indim®
respectively,

The second group consisted of stadons with
macrobenthos densities ranging from 397 to 767
Ind.m?, This group could be further divided into three
groupings. The first grouping consisted af Stations 76,
63, 66 and 30, These stations were dominated by
crustaceans and had medium high densities of
macrobenthas (480 to 613 Ind.m”). Stations placed in
this grouplng ware slso located offshore near the
border of Malaysia-Indonesia waters.

The next grouping consisted of Station 39 and Station
27, These two stations had macrobenthos densities of
767 and 897 Ind.m?, respectively. The macrobenthos
densities from this grouping were higher than those of
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the first grouping. Colncidently, members of this
grouping were situated near Penang waters.

The third grouging in this Second Group consisted of
Stations 42, 51 and Statton 20, The macrobenthos
densities fraom this grouping ranged from 397 to 580
Ind.-m*. However. the dominant taxa found In this
grouping were polychaetes Instead of crustaceans,
Stations placed In this grouping were also located
offshore near the border of Malaysia-Indonesia waters,

The next group consisted of Hve stetions, namely
Station 92, 72, 60, 48 and Station 17, The macrobenthos
dansities from thiz group were the lowest ameong the
groups, and ranged from GO te 120 Ind.m ™.

The last group consisted of two smaller groupings. The
first grouplng consisted of palychaste dominated
communities with macrobenthos densities ranging from
160 to 277 ind.m’. The stations found in this grouping
wire Stations 90, 14, 7 and Station 4. The second
grouping  conslsted  of  ¢rustacean  dominated
communities with macrobenthos densities ranging from
275 to 370 ind.m?. The stations found In this grouping
were Stations B34, 74 end Station 1. The dendrogram of
the cluster analysis is shown In Figure 17.

The results fram this study were compared with the
findings of another study done by Solahuddin (2001} in
the same area In March 1998  In that study,
macrobenthic sampling was done at 20 stations, In
which 16 were in the same area as this pre<ent study. A
comparison was made with the macrobenthos densities
between the two surveys. It was found that the mean
density of polychaetes had decreased over the eight
year perind, However, the mean densities of other
banthic organisms and overzll benthos  density
Increased. The full comparison is shown in Table 8.

Nevertheless, 3 t-test analysls carried out indicated no
significant  differences [p>0.05) between the density
values of both studies except for crustaceans (p=0.006),
It should also be noted here that the t-test indicated
borderiine value {p=0.06) for the test for other benthos,
There may be a slight increase in mean densities of
organisms in the group “others™ (which included
echinoderms, nematodes, etc.).

A further comparisan between the present study and
that aof Solahuddin (2001) Indicated changes In
dominance of major macrobenthos taxa. From the
previous study, the benthic community was dominated
by the following five groups In descending order {mean
donsity In  bracket); Polychactes (238 Ind.m?),
Amphipods {53 ind.m?). Isopods (15 ind.m®), Shrimps (3
ind.m?) and Tanaidae (6 Ind.m?). In contrast, the
present  benthic community was dominated by
Amphipods (148 ind.m?), Polychaetes [136 ind.m™),
Ostracoda (31 ind.m?), Thalassinidas (13 Ind.m?) and

Copepoda (12 ind.m?), Changes were indicated In the
diminished dominance of polychaeles and prominent
oecurrences of other crustaceans such as amphipods,
ostracods, ghost shrimps and copepods.

351  Comparotive study on macrobenthos
communities In Kedah waters

A case study was conducted on the macrobénthos
communities in Kedah waters using data collected from
the present study and those extracted from other
studies (Samsudin ef.al, 2005; Siow and Adnan, 2005,
Solahuddin, 2001). The study by Sociahuddin {2001) was
conducted (n March 1998 (four stations), the study by
Samsudin ef.al, (2005) was conducted in June 2004 {16
stetions) while the study by Slow and Adnan (2005) was
canducted in January 2005 (11 stations} In the coastal
waters of Kedah. A comparison of major macrobanthos
group mean demsities (ind.m?) and watar depth (m) is
presented in Figure 15, The changes in macrobanthas
mean density (ind.m *) over Ume n Kedah waters can be
e |y Flgure 18.

Flgure 19 shows a sharp decrease in polychaete density
in Kedah waters after a drastic Increase in early 2005,
The decreased thereafter to the level lower than 1598
contributed to the decline In overall macrobenthos
mean density In the present study. Contrary to that, the
trend in crustacean density showed a steady [ncrease
since 1998 from 75 ind,m? ta 175 fndm? In 2005,
However, na fluctuations In densities of other
macrobenthos were racorded over the ysars.

Even though =ome fluctuations were seen In the
macrobenthos densities, statistienl analyzes using both
ANOVA and t-test Indicated no significant differences
[p>0.05) in macrobanthos densites between the
studies. More studies are needed |n this ares to

establish & stronger trend analysis.
352  Distribution ond dominance of
muocrabenthos

Results obtained from' this study showed a clear
dominance of certain macrobenthos groups such as
sewn In palychaete-dominated A
crustacean-dominated parts in specific regions of the
study area, The northern region from the offshore
water of Langkawi to the northern tip of Penang Island
was dominated by palychagtes. The muddy sediment
types found in this area may be ane of the contributing
factars for polychaste dominance. Howewver, In the
coastsl areas between Alor Setar and Langkaw) island,
crustecmans such a8 copepods showed more
dominance. ]

Muving downwards to Penang water, the offshors was
still dominated by the polychaete group while the
coastal a@reas were dominated by crusiaceans,
particularly amphipods. The upper Perak reglan was
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