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EXECUTIVE SUMMARY

Artificial reefs (ARs) are immersed structures placed on seabed intentionally to imitate some
characteristics of natural reefs such as to attract and assemblage of various marine fauna and
flora. This study was conducted in 2019 at 10 ARs sites comprising of two confiscated
fishing vessels sites, six concrete sites and two decommissioned oil rig platform or Rig to
Reef (RTR) sites in coastal waters of Kelantan, Terengganu, Pahang and Johor. The
objectives of this study were to estimate biomass, value (in Malaysian Ringgit) and
biodiversity of fishes at all AR sites. Visual observation was conducted by eight SCUBA
divers using close-up and wide angle still photo and video cameras to record fish
assemblages, species identification and to estimate size and weight of each species. Angling
was also conducted to catch fish for taxonomy identification and to record individual length-
weight. Data were analysed by counting of fish and individual weight was estimated using
length-weight of specimens caught by angling. Based on data obtained, the range of
commercial fish biomass was between 129 — 6,047 kg/site. The highest biomass was at
Cuboid Anti-Trawler ARs, located near Pulau Tinggi with a total value of RM 84,759.60 and
the lowest was at Confiscated Fishing Vessels ARs, located near Pulau Kapas with a total
value of RM 1,824.50. Meanwhile, the range of fish biodiversity according to Simpson’s
Diversity Index was between 0.07 — 0.33. Highest biodiversity was recorded at Recreation 2
ARs located near Sungai Merchong. Inversely, the lowest biodiversity was recorded at RTR
43 metric tons ARs located near Pulau Kapas. The range of species richness was between 14
- 46 species. The highest species richness was recorded at Confiscated Fishing Vessel ARs,
located in coastal waters of Kuala Kemasin. Inversely, the lowest species richness was
recorded at RTR 18 metric tons ARs located near Pulau Kapas. In general, larger size and
more numbers of ARs modules will attract and aggregate more demersal and pelagic fishes
compared to the smaller and less number of modules.



RINGKASAN EKSEKUTIF

Tukun tiruan ialah struktur yang ditenggelamkan di dasar laut bertujuan menyamai ciri-ciri
terumbu karang semulajadi untuk mengumpulkan pelbagai fauna dan flora marin. Kajian in
telah dijalankan pada tahun 2019 di sepuluh tapak tukun yang terdiri daripada dua tapak
tukun vesel rampasan, enam tapak tukun konkrit dan dua tapak tukun pelantar minyak (RTR)
di perairan Kelantan, Terengganu, Pahang dan Johor. Objektif kajian ini ialah untuk
menganggarkan biomass, nilai (dalam Ringgit Malaysia) dan kepelbagaian spesies ikan pada
tukun tiruan. Pemantauan secara visual telah dijalankan oleh lapan orang penyelam SCUBA
menggunakan kamera rakaman video dan gambar jarak dekat dan bersudut luas untuk
merakam kumpulan ikan, pengecaman spesies dan menganggarkan saiz dan berat bagi setiap
spesies. Kaedah memancing juga dijalankan untuk mengumpulkan sampel ikan bagi tujuan
identifikasi taksonomi, merekod panjang-berat bagi setiap sampel ikan yang diperolehi.
Analisa data dilakukan dengan mengira bilangan ikan dan menganggarkan berat ikan
menggunakan maklumat yang diperolehi melalui sampel ikan yang dipancing. Berdasarkan
data yang diperolehi, julat biomass ikan ialah di antara 129 — 6,047 kg/tapak. Biomas
tertinggi telah direkodkan pada tukun Kuboid Penghalang Pukat Tunda yang dilabuhkan di
perairan Pulau Tinggi dengan nilai sebanyak RM 84,759.60. Manakala, biomas terendah pula
direkodkan pada tukun Vesel Rampasan yang dilabuhkan di perairan Pulau Kapas dengan
nilai sebanyak RM 1,824.50. Selain itu, julat indek biodiversiti mengikut Simpson’s
Diversity Index ialah di antara 0.07 — 0.33. Biodiversiti tertinggi telah direkodkan pada tukun
Rekreasi 2 yang terletak di perairan Sungai Merchong. Sebaliknya, biodiversiti terendah pula
direkodkan pada tukun RTR 43 metrik tan yang terletak di perairan Pulau Kapas. Julat
kelimpahan spesies ialah di antara 14 - 46 spesies dengan kelimpahan spesies tertinggi
direkodkan pada tukun Vesel Rampasan yang dilabuhkan di Kuala Kemasin. Manakala,
kelimpahan spesies terendah pula direkodkan pada Tukun RTR 18 metrik tan di perairan
Pulau Kapas. Secara umumnya, tukun yang bersaiz besar dan mempunyai bilangan yang
banyak akan menarik dan mengumpulkan lebih banyak ikan demersal dan pelagik berbanding
tukun yang bersaiz kecil dan sedikit jumlahnya.



1. INTRODUCTION

Ahmad et al., (2013) stated that artificial reefs (ARs) in Malaysia are referred to any man-made
structures or natural objects placed in marine water body to provide new habitat for fish and
other flora and fauna, and at the same time prevent the encroachment of destructive gears such as
trawls into marine protected areas (MPAs). A total of 215 new ARs sites were established from
2006 - 2019 in Malaysia by the Department of Fisheries Malaysia (DoFM). The main reason for
the deployment of ARs since 1975 was due to fish stock decline in the coastal waters (Wong,
1981).

The scantiness of substratum and lively habitat in congruent bottom areas stands out as one of
the most common problems in the coastal area (D’Itri, 1986). According to Ilana ef al. (2002)
this situation occurred because such areas are not generally considered to be dynamic in terms of
fish yield. Hueckel ef al. (1989) and Bohnsack ez al. (1997) reported that development of ARs to
form new irregular rocky structure in the sea bottoms is usually applied to provide new fishing
ground and enhance harvesting efficiency, and has great prospective for the habitat rehabilitation
and mitigating as well as one of the steps to improve the problem of reducing fish resources in
the coastal waters. It is believed that the development of ARs can brace a various indigenous fish
assemblage of a region comprising nektonic pelagic fishes as well as benthic and demersal
species (Ilana ef al. 2002).

Several research on biodiversity of fishes at ARs in Malaysia were conducted as reported by
Wong (1981); Wong (1991); Jothy (1986); Abdul Razak and Mohammed Pauzi (1991); Abdul
Razak and Ismail (1994); Raja Mohammad Noordin ef al. (1994); Sukarno et al. (1994); Daud
and Mohd Zakaria (2007); Mohamed Pauzi ef al. (2010) and Ahmad ef al. (2013). However,
research on biomass of fishes at ARs is still scanty. At presence, only one paper on biomass of
fishes at concrete ARs was published by Mohamed Pauzi ef al. (2010).

2. MATERIALS AND METHODS

In this study, monitoring was conducted at 10 selected ARs sites comprising of two confiscated
fishing vessels sites (one in State of Kelantan and one in State of Terengganu), six concrete sites
(one site in each State of Pahang and Johor, two sites in each State of Kelantan and Terengganu)
and two decommission oil rig platform (RTR) sites in State of Terengganu. The locations of
respective ARs are shown in Figure 1.
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Figure 1: Location of study sites in Peninsular Malaysia

Monitoring data were taken after ARs were placed between one month to 10 years. Normally,
ARs were effective in attracting and aggregating various fish species few months after
placement. All the study sites were located between 3.7 — 8.9 nautical miles (nm) from coastline.
All ARs were placed between year of 2009 - 2019. Each site was placed with 1 - 23 ARs
modules with different structural designs and materials. Specifications of ARs placed at
respective site is shown in Table 1.
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Visual observation was conducted using close-up and wide angle video and still photo
cameras to record fish assemblages especially with regard to their interaction with the ARs as
well as fish biodiversity as suggested by Ahmad ef al. (2013). A total of 1 - 5 modules were
used as sampling units at each site for estimation of fish biomass and identification of fish
species. Eight divers equipped with three video and three still photo cameras were send off to
execute the monitoring tasks during 2 — 3 scheduled dives a day. Angling using hook and
lines was also conducted to catch fish for taxonomy and individual length-weight
measurement. Biomass and biodiversity data were obtained by observations of fishes
recorded by videos and photos. Weight of individual fish species were estimated using
length-weight of specimens caught by angling. The numbers of fishes/module were
quantified by estimation and direct visual counting by divers and from video grabs and still
pictures.

Since no single method may yield a faunal assessment that is clearly more accurate or precise
than others, fish aggregations and fish species associated with the ARs were assessed using a
combination of several methodologies. This included non-destructive visual observation via
transect, fixed stationary points as well as search pattern for fishes as recommended by
Tessier ef al. (2005); Stephen ef al. (2000) and Bombace ef al. (2000). When the number of
fish was small (less than 20 individuals) such as groupers, rabbit fish, snappers, crabs and
lobsters, the total count was made by divers. For large population especially of Lutjanus
lutianus, Lutjanus madras and Archamia fucata, the number of fish/module were estimated
as suggested by Stephen ef al. (2000).

Calculation process for estimation of biomass for each species in this study is shown below:

(i) Average number of particular species in 1m’

= (A+B)/2*

=K

Note: (A and B = volume of ARs in m’)
(2* = 2m’ frame from underwater video, calculation of this volume is depending on visibility
at ARs. If visibility is excellent, arca covered will be larger.)

(ii) Biomass in 1m’

=K X P*

=Y (kg)

Note: (P* =average weight of that particular species (kg). Weight of each particular species was
recorded from specimens caught by angling.)

(iii) Total volume of ARs at a particuler site

=A (m’)

Note: (This volume was calculated based on size and number of ARs, area of ARs covered on the
sea floor and distance of fish from outside of ARs structure)

(iv) Total biomass at each ARs site

=Y XA

=7 (kg/site)



Identification of fish species were confirmed based on references made to Ahmad er al.
(2019); Annie et al. (2018); Bergbauer and Kirschner (2014); Ahmad e al. (2012); Anderson
(2010); Annie Lim and Albert (2009); Allen (2009); Department of Fisheries Malaysia
(2009), and Andrea and Antonella Ferrari (2006). The biodiversity of fishes were estimated
by using Simpson's Diversity Index (D) (Simpson's Diversity Index, 2020). Where ‘D’ is a
measure of diversity which takes into account the number of species present, as well as the
relative abundance of each species.

The two main factors taken into account when measuring diversity are species richness and
evenness. Where richness is a measures of the different number of species present in a
particular area. However, diversity not only depends on richness, but also on evenness.
Evenness compares the similarity of the population size of each of the species present. As
species richness and evenness increase, so diversity increases. The value of ‘D’ ranges
between 0 and 1. With this index, O represents infinite diversity and 1 means no diversity.
Simpson's Diversity Index was calculated as equation below:

D=3 n(n-1)N (N-1)

n = the total number of organisms of a particular species
N = the total number of organisms of all species
D = Simpson's Diversity Index

3. RESULTS
3.1. Species Richness at All Study Sites

A total of 88 species belonging to 32 families that made up of 81 species of Osteichthyes,
three species of Chondricthyhes and four species of Crustacean were recorded. These
included 54 commercially important fishes and 34 coral fishes. Commercial fishes were
dominated by species from families of Lutjanidae, Carangidae, Caesionidae and Siganidae.
Large numbers of Lutjanus spp. were found schooling close to the modules and also
occupying the top parts and holes of all ARs. High value demersal fishes classified as
resident species such as Lutjanus russellii, Lutjanus johnii, Plectorhinchus gibbosus,
Diagramma pictum, Epinephelus coioides and Cephalopholis formosa were mostly found
confined within or in close affinity to the ARs structures. However, high value pelagic fishes
preferred to swim in the middle and upper part of the ARs. These were species such as
Selaroides leptolepis, Alepes vari, Caranx sexfasciatus, Gnathanodon speciosus,
Scomberoides commersonnianus, Carangoides gymnostethus and Atule mate which were
classified as visiting species. These fishes were frequently observed to swim at mid-water
and a distance away from the ARs as compared to the resident species.

In term of commercial species recorded at all sites, the number were ranged from 4 - 167,200
individuals. Numbers of commercial species were ranged between 11 - 33 species. The



highest number of fishes per site was recorded at ARs 8 located in Kijal, Terengganu at
192,170 individuals, followed by ARs 3 located in Kuala Kemasin, Kelantan (137,927
individuals) and ARs 10 located in Pulau Tinggi, Johor with 115,216 individuals. Data from
visual observation at all study sites showed that the most dominant and commercially
important species were Lutjanus lutjanus (167,200 individuals) followed by Lutjanus madras
(100,500 individuals) and Pterocaesio chrysozona with 49,390 individuals. Lutjanus lutianus
were ranged from 1,000 - 54,000 individuals per site, 200 - 36,800 individuals for Lutjanus
madras and 230 - 36,000 individuals for Pterocaesio chrysozona. The highest number of
Lutjanus lutjanus (54,000 individuals) were recorded at ARs 8 followed by Lutjanus madras
(36,800 individuals) at ARs 10 and Pferocaesio chrysozona (36,000 individuals) at ARs 3.
Meanwhile, the lowest numbers of Lutjanus lutjanus (1,000 individuals) were recorded at
ARs 6, Lutjanus madras (200 individuals) at ARs 5 and Pterocaesio chrysozona with 230
individuals at ARs 10. All these species were classified as resident species and were found
swimming in close affinity to the ARs structures. In term of species richness, the highest
number of species was recorded at ARs 3 with 33 commercial species out of 46 species
followed by ARs 9 with 23 commercial species out of 39 species and ARs 10 with also 24
commercial species out of 38 species.

Details on species richness and total number of fish by species recorded during this study are
shown in Table 2.



ovTy 081 009°¢ | 09¢ 001 O) | st
oeprueln| snypautjonbuinb
snuplin
0TT'L 0T6 006 0CL 0vS 00L 008 000°T 008°T ov1 seprue(n | (9) v snuvling | ¥1
ovL'8 09% 08’8 (ON) prourdo431u | €1
oepruodody soSody
00" ¢l 0TST | 080°01 | 0TL 08 . O
et pArusvy snuvling
0L6°€E1 91T 808°C 000°6 (DN szsuaniavd | 11
oepruogody soSody
00€°81 00S°TT | 088°C 0T6°€ sepuogody (ON) 12¥22]9 | 01
P! pIUDYOLT
0S6°€T 00€°C 009°€ 0S 00081 sepiSueie) (D) sudojo1day | 6
P! Sap10.41]2¢
0L1°ST 089°¢ | OVET | 080°61 0L ON) | 8
oepruogody p1UaVIDY2PUI
uodody
0T¥'8T 08T°LI 00S 000°C 0v9°8 sepruofody | (HN) ds uoSody L
8T9°6€ 091 008°1 808°C 09€°6 00S 008°1 00S 009°CI | 00¥'8 00¥°1 SEPLIUSORWO] (ON) souwound> | 9
P snuaopuodoan
06€°6 0¢€c 0zTEY 091°C 00S 005°C 000°C 000°9¢€ | 089°1 SUPIUOISIE ) (D) puozosdays | ¢
pIuot 0159D20.19] ]
089°8S 00€°C 009°€ 089°CT | 08811 0TEET | 006 sepuogody (ON) | v
P! snaunp uodody
8€EY9 8EV'T 096°€ 0TS0T | Ov¥ ol 08661 | 000°L sepuogody w2 (OND | €
P! ponf vruwyo4}
005001 008°9¢ | 006 008°8T | 00081 | 008 00¢ 000°S 00T°L 0vT'c 09¢ sepruelny (B
it spippuwi snuvlin
00T°LI91 000°9% | 008°T 000S | 008°8C | 000°T 000°S 000°Cl | 00V %1 | 008°C 00¥°1 sepruelny wx(D) [ T
PruE snuvlin] snupling
sa199ds
Aq Joquinu | O] SYV | 6 SYV 8 SV LS9V 9 s¥dv G sav ¥ sdv € SV [0 [ 54V Apuey sapadg ‘ON

101

"9)1S SYV 2AN92dsar Je ysiy JO IoquINU [810) PUB SSAUYDLI SA103dS 17 d[qeL




vy 06 88¢C 01 98 seppisidrmay | () PAoASouow | Hg
i : s18doj0og

005 00S ) | €€
FEPISOI0Id Snppaul] Snso1o]

0vs 0vS — e kT
CHE 01590,)

8L9 09% 9¢ 9¢ 06 9 )| 1€
SEpIUEQI] nuyol snuvliny

008 69 8 09¢ (4% € M4 1T SepLIQE] (OND) smwrprup | og
PHq sap104qoT

0€l’l 080°1 0S sepiduere) (D) rwva sadapy | 6T

081°1 0¢c 861 09¢ (44 ol SEPLIUSOLIIO (ON) uoysdzo | gt
P! d snuaopuiodoan

v0ET 89¢ 124! 081 801 0¢ ov 09¢ 2] SEpIMWARE () wmord | 17
: DU ASDL(]

8LY'I 0cL 06 801 09$ oepoydwa g (DN vorwgopur | 97
: staoydutd g

889°1 89¢ 124! 88¢C 88¢C 01 0¢ 09¢ ol 0L SEpIUEILIDG (D) ypuaoq | ¢z
: syjoydojoydar)

008°1 008°1 oBpIURIIG () 1w gy | ¥

001°C 08€°l 0TL )| €T
amprusEikids ojjaf vuav.idydg

091°C 091°C )|z
SEREIEOL DANDP D]JVIDY

08CT°¢ 088°C 007 () mass1of | 1T
oepruoeIAydg e

205°€ 0¢TC 014 88¢C 0S 0S 0cL 0CI‘l v0S SUPIUOISIE ) ) |oz
PRl 3uruno o1sav))

009°¢ 009°€ sepiuaoewod | (ON) “ds suuoay) | 61

809°¢ 6 006 09 81S°1 08 891 oepuesis | () smanl snunsig 81

8S9°¢ ovs°l 008°1 81 ON | L1
SEPLOUSIELIO] “ds sn.quaovuiog

LOT Y (443 014 09¢ 006 0¢ S1 08 081 09$ 0zTI°l oepruefny ) |91

1jjassnt snuvljny




911 9 0L oeprutrypo (D) uvlfjuay snutiyjoy| €S

911 o 0L e —_ (OND #2pj1ut | TG
SNAJUODUOJ

ov1 o1 (OND snapuadiv | 16
SEPIAIPEpOGYY snjdjoppouopy

91 9 L 8¢ ) | os
SEPIEESLS snyppnd snun3ig

161 S SI S 7L (D) smwjoa4v | 6
FEPIUELISS snjaydourdsy

Sl 9% o 9¢ appugey | Dupeoyas | gy
.@. Qr QQ@Q&NQ&U

181 9¥ VS 81 9¢ 11 11 (D) sapro10o | 1y
FEPIUELISS snjaydourdsy

$81 69 S 8 S swpufinep|| ObeRrgup oy
et snuplin

861 w 9 9¢ 95 8C SEPI[AOSTO] smwv .M.S%%Q Sy
11495011y

€1z 69 9¢ 9¢ 7L (0) vsouLiof | vy
IFPIUBLIS stjoydojpyda))

97T 9 9¢ 9¢ 01 0S 8T 0z (0) samaaydip | ¢y
SEPHUOPOIEYD SnYo01Ud [T

VET 434 (D) prosmqo | Ty
sepmaRLgdg puapidydsg

0SC 0ST ON) ds | 17
SERHISSERI0 snguaopuiodoan

ST 00T S ON) | ov
sepyeydmey “ds sroydwa g

96C 6 9¢ 801 S (D) 122219 | 6¢€
FEPIUELISS snjaydourdsy

80¢€ 69 w 9¢ ¥S 01 11 (22 b1 sepEeylimaly ON) | 8¢
P! : Li2uLsoa s18dojoos

91¢ 0€T 9¢ 0S —_—— (D) smvmorpuvd | | ¢
Ul snuv3ig

09¢ 09¢ sEpidueig | () SHleIsouuS | 9g
P sap1o3un.avy)

09¢ 09¢ cepiduerey | () SUPRSES | G

Xuviv?)




9¢ 9¢ T — @) @ﬁwwwwww 0L
9¢ 9¢ (ON) smvnb.oy | 69
oepro)dIaoN stsdojoog
snso1oads
o m o m owﬁﬁwﬁmgo MWMQQEQNQQQ wo
i 0z 81 9BpIOSLIIUY)) AOMWQ M“MMMN L9
S 9¢ 81 ) |99
oeprueln | smwnovuwuadip
snuplin
a4vuUn
6S 81 S 9¢ —— mww%@ oy M S9
wnpp1oSvfi
19 95 sepruenog | ON) - M mw 9
€9 € % S 81 v S ON | €9
omﬁﬁﬁo@mhoh QSNGNNNNQ :Qkﬁugkv\
69 69 ON [ 29
JepLqe| vanajdoup{d
synloyday
LL S (7 seprIsediong ON | 19
.NNNNQS M.NQKNNAN
“ K d — e
801 vS ¥S ovprawg | g %ww 65
woﬁ woﬁ owﬁﬁmOuoﬁm SnIUvO ZSQQNMNW wm
501 S0t BEISUEIE.) -ds q@ﬁ@%&ﬁxﬁ%ﬁw L
snsoqqid
801 9¢ 9¢ 9¢ I — %%wf&ﬁi 9s
STI SI1 SEDLIUSORO] ON | t$

“ds snjjloso(q

)

10



SU208op1LLiA

v v sepnsteg | PN o M.E.m 88

v ) [ L8
SEpIREASH( putud] paniuav |
snIpIN3oosn

v v — ) §§&Emw 98

° JkpIREdsY -ds :QS%WW% °8
so]pionvu

9 Z e (ON) o 8

L ON | €8
SEPIECRENS], snpidsty uodyjody

8 % ON | 8
awppuerdinsg “ds sisdouandioog

8 ON [ 18
ON.DEQO.DOOQ ,GQZQ&SN.Q QQ@Q&Q

Oﬁ Oﬁ owﬁﬁﬁw.ﬁ‘:‘u— mQQNh QSQQ.\.MMV\W Ow
UoSA2UUIOO

ﬁ ﬁ ﬁ ﬁ omﬁﬁmﬁw.ﬂwu %MMWWSQ&NQSQD% QB
SNU0ZoSA4Yyo

81 81 e —— (@) §%ng 8L

81 81 (D) oporou | L[
deprumIog sipgdivy)

81 81 @R ED
Omﬁﬁwﬁmuwo SNUDIUUOSAD ULULOD
QNNQ.NQkNQSQDM.

9'1C 44 () smpriaf | g1
deprumIog sipgdivy)
SNANAY I 4D

€ ® OEPIUELISS AOwaNmﬁa@M&M s
wnignd

8¢ 8¢ omﬁﬁbﬁoooﬁom emwawwmucmmam. L

8¢ 8¢ oeprumiod | (D) “ds sipgdavyy | CL

8C 6 [ 81 sepuehse( () usupyual [ 11

SUDQOIDJ

11



I33UL], ne[n  ‘IO[MeN-NUY progn) 01 sYV
SUOYOISIA 1BSUNS ‘7 UONIBIIONY 6 SUV

[elTY] “aqn) g sYV
SueyoIaIN ‘Oqn) /. SV
sedey] ne[nd ‘[9ss9A SuIysL pajeosyuo)) :9 SYV
sedey] ne[ng ‘suo) oINdIA 81 I S SUV

USIJ [BIOIOWWOI-UON D N s %
USIJ [BIOIOWIIOD) D)y %
sedey] ne[ng ‘suo} oIPN € ULV ¥ SV

UISBUIOY B[BNY] ‘[9SS9A SUIYSI] PoaIeosiyuo)) ¢ sV

Jeqes Bleny ‘¢ wonoeq-1jos g SYV
1edwn ] “wonoq-1joS 1 sYVx

saroads

vl 9l ol 6 § ¢ 6 ¢l vl ¥ [BIOISUITIO-UOU JO IOqUINN] [€10],

144 €C 0¢ €C 4! I1 91 133 14! 14! $9109ds [E1010WW00 JO 1NN [E10],

8¢ 6¢ 9¢ [43 L1 14! S¢ 9 8¢ 81 SV Aq sa102ds jo Toquunu [ejo],

12999 9ITSIT | LIOEE | OLITOL | YLL'SOT | ¥¥6°€E S60°TT | 18T'ET | LT6'LEL | 6VTSE | 8YL'S SAV AQ SaYSI JO 1oqunt [B1o,

12



3.2. Biomass, Value and Biodiversity of Fishes at Soft-Bottom ARs (ARs 1)

A total of 18 species recorded at ARs 1 where 14 out of the total species were commercial species.
The most abundant species at this site were Lutjanus lutjanus and Neopomacentrus cyanomos with
1,400 individuals followed by Lutjanus russellii with 1,120 individuals. Other species were ranged
between 5 - 560 individuals. Total biomass was estimated at 1,203 kg with an average of 85.9
kg/module. The highest biomass was Lutjanus russellii with 728 kg followed by Caesio cunning
(252 kg) and other species were ranged between 1.7 - 42 kg. The value of commercial fish was
estimated about RM 26,451.04. Details are shown in Table 3.
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Biodiversity of fishes at this site according to Simpson’s Diversity Index (D) was 0.18 (N = 5,748)
with 18 total number of species. In term of percentage, Lutjanus lutjanus and Neopomacentrus
cyanomos recorded the highest at 24.36% followed by Lutjanus russellii (19.48%) and Lutjanus
madras at 9.74%. Details are shown in Table 4.

Table 4: Simpson’s Diversity Index (D) at Soft-Bottom ARs, Tumpat (ARs 1)

Species Nug;):ecli‘e(;f/l;ilt‘i 121111()1ual n (n-1) Percentage %
1 | Lutjanus lutjanus 1,400 1958600 2436
2 | Lutjanus madras 560 313040 9.74
3 | Lutjanus vitta 140 19460 2.44
4 | Lutjanus russellii 1,120 1253280 19.48
5 | Lutjanus johnii 56 3080 0.97
6 | Siganus javus 168 28056 2.92
7 | Siganus guttatus 28 756 0.49
8 | Caesio cuning 504 253512 8.77
9 | Epinephelus coioides 11.2 114.24 0.19
10 | Cephalopolis boenak 70 4830 1.22
11 | Pomacanthus annularis 28 756 0.49
12 | Chiloscyllium hasseltii 28 756 0.49
13 | Scolopsis monogramma 56 3080 0.97
14 | Scolopsis vosmeri 14 182 0.24
15 | Neopomacentrus cyanomos 1,400 1958600 24.36
16 | Monodactylus argenteus 140 19460 2.44
17 | Heniochus diphreutes 20 380 0.35
18 | Arothron stellatus 5 20 0.09
Total N=15,748 > n(n-1)=5,817,962.24 100

D=Yn(n-1)/N (N-1)=0.18

3.3. Biomass, Value and Biodiversity of Fishes at Soft-Bottom 3 ARs (ARs 2)

A total of 28 species recorded at ARs 2 where 14 out of the total species were commercial species.
The most abundant species were Neopomacentrus cyanomos with 8,400 individuals followed by
Archamia fucata (7,000 individuals), Apogon aureus (4,900 individuals) and Archamia bleekeri
with 3,920 individuals. Other species were ranged between 4 - 2,800 individuals. Total biomass
was estimated at 1,367.4 kg with an average 97.7 kg/module. The highest commercial fish biomass
was Caesio cunning with 448 kg followed by Lutjanus russellii (280 kg) and Siganus javus with
252 kg. Other species were ranged between 3.5 - 140 kg. The value of commercial fish was
estimated about RM 24,020.50. Details are shown in Table 5.

15




¥ ue)n Suoqar sepusIeg suaosopria sap1oisipg | ¢z
¥ Sueyuiq used [ejung SBpIUOpENI ], Snp|[a1s UoAYjo4y | $¢
Fa% ynnd 1did nised-mseq sepudia N rLiauisoa s1sdojoog | €
87 nely durs Suerey yeyaqas 9BPLIUIJ0[OF] WnAqnd Uo4jua20340s | 7
VN VN VN VN RC uowre[iy dis Suedeq SBpPIIUOPO19BY) sajna.ydip snyoowdfy | 1¢
095 1edag sepuoyduo g vorLwgoioul stiaydwag | O
ol njeq [edoy] uojsdzo snyyuasvuodoan | 61
0oL njeq EQ@M QEPIIUDBWOJ L]t SNAJU2ODUOJ | Q]
0018 njeq Jedoy] sououndd snyjuaovuiodoapn | /1
006V [ EREN sna4np uodody | 91
0T6°€ Ueyaqas 142)f22]q DIUDYILY | G
oepruodody
0L B EEN pruavjpyapua uosody | 1
000°L RN poonf vrupyoLy | €1
00°00%°1 01 ovl 00S°C 9¢ tedure yeoro nx QBPI[AJSTUISH mppssoy wnijjosopy) | 1
0S'LI1 S G¢ 00L S niiq urouro ynpuejod uLe ] SEPIYIUBOUBLIO ] SLID[RUUD SHYIUbOLWOJ | 11
96 yexoqas nde1sy] wnmp1osofiq uorsdoydiy | 01
- QBpIUBIIDS
00°S¢ S L 0S oVl Suerod Sueoq nderoy ypuaoq syjoydoyda)y | ¢
00°08L°€ ST ST 00€ 0v8 emel spygua(q sepruedig snaol snun3ig | g
00°891 S 9°¢¢ 0Z 089°1 sewo mpel jng puozoshiyo 015202042} | [
— : SEBPIUOISSET)
000968 0T Sk 00¥ 0TI'T Sueutd yepp(q Suund o1sav) | 9
008001 0T S 009 8 nqe Ipuet 1oey] oEpINUWSLE] wnord puDASPI(T | G
00°0Ck Sl 8T 00V 0L Yelour jIes Jopue’| SBpIULIYId ] uvljua) snuLiya7 | 4
00°000°L S¢ 08¢ 00S 09¢ BpUE} [EIN 11jjassnd snuvlhny | ¢
00°CL9 01 L9 0¢ 0vTeT seIpeur JIAuny sepruelny svApout snuvling | ¢
00°09S 01 9¢ 0T 008°C nAuny-yAuny snuplin] snuvfing | |
(3Y) antsy/ _ashww_%z. NS/
. @%ww e m.ayw oww._u ysyy .ﬁ.v / :mm . A_asw.mzmﬁv Jweu [B0] Apureg sapadg *ON
ysygjoonjep | /ysy joadlid ssemorg 30 1yS1oA . ysyJ
IeaoAy ouseHInsSy

(Z SYV) Jeqes ereny] ‘sYV ¢ wonog-1jos e saysy [eIOISWWOD JO N[BA PUR SSWOIY :§ d[qeL

16



L'L6 J8e1oAy
05020 %C vLIET @07,
14 ndoq sepruaedioog “ds szsdouandioog | 8¢
VN VN VN VN 8¢ wep oeprunjIog “ds sipqlivyy | Lz
VN VN VN VN 00¥ Tesaq L1eU SUBOEY - SUBOLY oepruoeIAydg 142]8.40f buapAAYdg | 97

17



Biodiversity of fishes at this site according to Simpson’s Diversity Index (D) was 0.14 (N =
35,249) with a total of 28 species. In term of composition percentage, Neopomacentrus cyanomos
recorded the highest at 23.83% followed by Archamia fucata (19.86%) and Apogon aureus at
13.90%. Details are shown in Table 6.

Table 6: Simpson's Diversity Index (D) at Soft-Bottom 3 ARs, Kuala Sabak (ARs 2)

Species Number of individual n (n-1) Percentage %
species /site (n)
1 Lutjanus lutjanus 2,800 7837200 7.94
2 | Lutjanus madras 2,240 5015360 6.35
3 | Lutjanus russellii 560 313040 1.59
4 | Lethrinus lentjan 70 4830 0.20
5 | Diagramma pictum 84 6972 0.24
6 Caesio cuning 1,120 1253280 3.18
7 | Pterocaesio chrysozona 1,680 2820720 4.77
8 | Siganus javus 840 704760 2.38
9 | Cephalopholis boenak 140 19460 0.40
10 | Diploprion bifasciatum 56 3080 0.16
11 | Pomacanthus annularis 5 20 0.01
12 | Chiloscyllium hasseltii 56 3080 0.16
13 | Archamia fucata 7,000 48993000 19.86
14 | Apogon endekataenia 70 4830 0.20
15 | Archamia bleekeri 3,920 15362480 11.12
16 | Apogon aureus 4,900 24005100 13.90
17 | Neopomacentrus cyanomos 8,400 70551600 23.83
18 | Pomacentrus milleri 70 4830 0.20
19 | Neopomacentrus azystron 140 19460 0.40
20 | Pempheris malabarica 560 313040 1.59
21 | Heniochus diphreutes 28 756 0.08
22 | Sargocentron rubrum 28 756 0.08
23 | Scolopsis vosmeri 42 1722 0.12
24 | Arothron stellatus 4 12 0.01
25 | Balistoides viridescens 4 12 0.01
26 | Sphyraena forsteri 400 159600 1.13
27 | Charybdis sp. 28 756 0.08
28 | Scorpaenopsis sp. 4 12 0.01
Total N=135,249 > n(n-1)=177,399,768 100

D=Yn(n-1)/N (N-1)=0.14
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3.4. Biomass, Value and Biodiversity of Fishes at Confiscated Fishing Vessel (ARs 3)

A total of 46 species were recorded at ARs 3 where 33 out of the total species were commercial
species. The most abundant species were Pferocaesio chrysozona with 36,000 individuals followed
by Archamia fucata (19,980 individuals), Selaroides leptolepis (18,000 individuals) and Lutjanus
lutianus with 14,400 individuals. Other species were ranged between 4 - 13,320 individuals. Total
biomass was estimated at 5,005 kg with an average 278.1 kg/module. The highest biomass was
Pterocaesio chrysozona with 1,080 kg followed by Siganus javus (619 kg) and other species
ranged between 1.4 - 540 kg. The value of commercial fish was estimated about RM 68,679.00.
Details are shown in Table 7.
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Biodiversity of fishes at this site according to Simpson’s Diversity Index (D) was 0.14 (N =
137,927) with 46 total number of species. In term of percentage, Pterocaesio chrysozona recorded
the highest at 26.10% followed by Archamia fucata (14.49%) and Selaroides leptolepis at
13.05%. Details are shown in Table 8.

Table 8: Simpson’s Diversity Index (D) at Confiscated Fishing Vessel ARs, Kuala Kemasin (ARs 3)

Number of
Species individual species n (n-1) Percentage %
/site (n)

1 | Caranx sexfasciatus 360 129240 0.26

2 | Selaroides leptolepis 18,000 323982000 13.05

3 | Gnathanodon speciosus 36 1260 0.03

4 | Scomberoides commersonnianus 18 306 0.01

5 | Plectorhinchus gibbosus 36 1260 0.03

6 | Diagramma pictum 360 129240 0.26

7 | Lutjanus lutjanus 14,400 207345600 10.44

8 | Lutjanus vitta 1,800 3238200 1.31

9 | Lutjanus malabaricus 54 2862 0.04
10 | Lutjanus russellii 180 32220 0.13
11 | Lutjanus madras 7,200 51832800 5.22
12 | Lutjanus johnii 90 8010 0.07
13 | Lutjanus argentimaculatus 18 306 0.01
14 | Plectropomus areolatus 18 306 0.01
15 | Epinephelus bleekeri 54 2862 0.04
16 | Epinephelus areolatus 72 5112 0.05
17 | Epinephelus fuscoguttatus 4 9.36 0.00
18 | Cephalopholis boenak 360 129240 0.26
19 | Epinephelus coioides 11 105.84 0.01
20 | Caesio cuning 720 517680 0.52
21 | Caesio caerulaurea 540 291060 0.39
22 | Pterocaesio chrysozona 36,000 1295964000 26.10
23 | Siganus javus 1,548 2394756 1.12
24 | Siganus guttatus 72 5112 0.05
25 | Scomberomorus commerson 11 105.84 0.01
26 | Sphyraena jello 720 517680 0.52
27 | Sphyraena obtusata 234 54522 0.17
28 | Pateobatis jenkinsii 18 306 0.01
29 | Chiloscyllium hasseltii 36 1260 0.03
30 | Charybdis feriatus 22 444.96 0.02
31 | Charybdis natator 18 306 0.01
32 | Aluterus monocerus 36 1260 0.03
33 | Apogon sp. 8,640 74640960 6.26
34 | Apogon aureus 13,320 177409080 9.66
35 | Archamia fucata 19,980 399180420 14.49
36 | Heniochus diphreutes 50 2489.76 0.04
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37 | Arothron stellatus 18 306 0.01
38 | Neopomacentrus cyanomos 12,600 158747400 9.14
39 | Pomacentrus sp. 18 306 0.01
40 | Scolopsis vosmeri 11 105.84 0.01
41 | Labroides dimidiatus 11 105.84 0.01
42 | Thalassoma lunare 36 1260 0.03
43 | Petroscirtes sp. 54 2862 0.04
44 | Pterois ruselli 72 5112 0.05
45 | Pempheris sp. 54 2862 0.04
46 | Centriscus scutatus 18 306 0.01

Total N= 137,927 > n (n-1)=2,696,583,007 100

D=Yn(n-1)/N (N-1)=0.14

3.5. Biomass, Value and Biodiversity of Fishes at RTR 43 Metric Tons ARs (ARs 4)

A total of 25 species were recorded at ARs 4 where 16 out of the total species were commercial
species. The most abundant species were Lutjanus lutjanus with 12,000 individuals followed by
Lutjanus madras (5,000 individuals), Pterocaesio chrysozona (2,000 individuals) and Apogon sp.
with 2,000 individuals. Other species were ranged between 5 - 1,000 individuals. Total biomass
was estimated at 1,009.4 kg. The highest biomass was Lutjanus lutjanus with 600 kg followed by
Lutjanus madras (125 kg) and other species ranged between 0.5 - 90 kg. The value of commercial

fish was estimated about RM 11,057.50. Details are shown in Table 9.
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Biodiversity of fishes at this site according to Simpson’s Diversity Index (D) was 0.33 (N =
23,281) with 25 total number of species. In term of percentage, Lutjanus [utjanus recorded the
highest at 51.54% followed by Lutjanus madras at 21.48%, Pterocaesio chrysozona and Apogon
sp. with 8.59%. Details are shown in Table 10.

Table 10: Simpson’s Diversity Index (D) at RTR 43 metric tons ARs, Pulau Kapas (ARs 4)

Species Nu::;gegt} i:;:ieiw(':gual n (n-1) Percentage %
1 | Diagramma pictum 40 1560 0.17
2 | Lutjanus rusellii 80 6320 0.34
3 | Lutjanus vitta 1,000 999000 4.30
4 | Lutjanus madras 5,000 24995000 21.48
5 | Lutjanus lutjanus 12,000 143988000 51.54
6 | Lutjanus quinquelineatus 100 9900 0.43
7 | Lutjanus kasmira 80 6320 0.34
8 | Siganus javus 60 3540 0.26
9 | Siganus canaliculatus 50 2450 0.21
10 | Pterocaesio chrysozona 2,000 3998000 8.59
11 | Casio cuning 50 2450 0.21
12 | Chiloscyllium hasseltii 6 30 0.03
13 | Cephalopholis boenak 20 380 0.09
14 | Epinephelus oreolatus 5 20 0.02
15 | Scolopsis vosmeri 10 90 0.04
16 | Scolopsis monogramma 10 90 0.04
17 | Arothron stellatus 5 20 0.02
18 | Ostracion sp. 20 0.02
Neopomacentrus
19 | cyanomos 500 249500 2.15
20 | Labroides dimidiatus 25 600 0.11
21 | Thalassoma lunare 5 20 0.02
22 | Pempheris sp. 200 39800 0.86
23 | Apogon sp. 2,000 3998000 8.59
24 | Heniochus diphreutes 10 90 0.04
25 | Centriscus scutatus 20 380 0.09
Total N= 23,281 > n(n-1)=178,301,580 100

D=Yn (n-1)/N (N-1) = 0.33
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3.6. Biomass, Value and Biodiversity of Fishes at RTR 18 Metric Tons ARs (ARs 5)

A total of 14 species were recorded at ARs 5 where 11 out of the total species were commercial
species. The most abundant species were Lutjanus lutjanus with 5,000 individuals followed by
Pterocaesio chrysozona (2,500 individuals), Neopomacentrus cyanomos (1,800 individuals) and
Lutjanus vitta with 500 individuals. Other species were ranged between 4 - 200 individuals. Total
biomass was estimated at 441.8 kg. The highest biomass was Lutjanus lutjanus with 250 kg
followed by Pterocaesio chrysozona (112.5 kg) and other species were ranged between 2 - 25 kg.
The value of commercial fish was estimated about RM 4,321.25. Details are shown in Table 11.
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Biodiversity of fishes at this site according to Simpson’s Diversity Index (D) was 0.29 (N =
11,095) with 14 total number of species. In term of percentage, Lutjanus lutjanus recorded the
highest at 45.07% followed by Pferocaesio chrysozona (22.53%) and Neopomacentrus cyanomos
at 16.22%. Details are shown in Table 12.

Table 12: Simpson Diversity Index (D) at RTR 18 metric tons ARs, Pulau Kapas (ARs 5)

Species Nu:;)le)ge:f/i:;?ei‘(’z;ual n(n-1) Percentage %

1 | Lutjanus rusellii 15 210 0.14

2 | Lutjanus vitta 500 249500 4.51

3 | Lutjanus madras 200 39800 1.80

4 | Lutjanus lutjanus 5,000 24995000 45.07

5 | Pterocaesio chrysozona 2,500 6247500 22.53

6 | Casio cuning 50 2450 0.45

7 | Epinephelus bleekeri 6 30 0.05

8 | Cephalopholis boenak 10 90 0.09

9 | Epinephelus coioides 5 20 0.05

10 | Epinephelus areolatus 5 20 0.05
11 | Plotosus lineatus 500 249500 4.51
12 | Arothron stellatus 4 12 0.04
13 | Neopomacentrus cyanomos 1,800 3238200 16.22
14 | Apogon sp. 500 249500 4.51
Total N= 11,095 > n (n-1)=35,271,832 100

D=3 n (n-1)/N (N-1)=0.29

3.7. Biomass, Value and Biodiversity of Fishes at Confiscated Fishing Vessel (ARs 6)

A total of 17 species were recorded at ARs 6 where 12 out of the total species were commercial
species. The most abundant species were Lutjanus lutjanus with 1,000 individuals followed by
Lutjanus madras (800 individuals), Lutjanus vitta (700 individuals), and Pferocaesio chrysozona
with 500 individuals. Other species were ranged between 1 - 250 individuals. Total biomass of
commercial species was estimated at 129.1 kg with an average 25.8 kg/vessel. The highest biomass
was contributed by Lutjanus vitta with 35 kg followed by Lutjanus lutjanus (25 kg) and Lutjanus
madras with biomass of 20 kg. Other species were ranged between 1.5 - 15 kg. The value of
commercial fish was estimated about RM 1,824.50. Details are shown in Table 13.
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Biodiversity of fishes at this site according to Simpson’s Diversity Index (D) was 0.17 (N = 3,944)
with 17 total number of species. In term of percentage, Lutjanus [utjanus recorded the highest at
25.35% followed by Lutjanus madras (20.28%) and Lutjanus vitta at 17.75%. Details are shown in
Table 14.

Table 14: Simpson’s Diversity Index (D) at Confiscated Fishing Vessel, Pulau Kapas (ARs 6)

Species Nursrll)l;zeosf /:I;il\(/rlgual n(n-1) Percentage %

1 | Lutjanus lutjanus 1,000 999000 2535
2 | Lutjanus madras 800 639200 20.28
3 | Lutjanus vitta 700 489300 17.75
4 | Lutjanus sebae 10 90 0.25
5 | Lutjanus malabaricus 8 56 0.20
6 | Lutjanus russellii 30 870 0.76
7 | Diagramma pictum 20 380 0.51
8 | Epinephelus areolatus 15 210 0.38
9 | Diploprion bifasciatum 5 20 0.13
10 | Pterocaesio chrysozona 500 249500 12.68
11 | Pateobatis jenkinsii 1 0 0.03
12 | Selaroides leptolepis 50 2450 1.27
13 | Alepes vari 50 2450 1.27
14 | Neopomacentrus sp. 250 62250 6.34
15 | Neopomacentrus cyanomos 500 249500 12.68
16 | Labroides dimidiatus 3 6 0.08
17 | Echeneis naucrates 2 2 0.05
Total N=3,944 > n (n-1)=2695284 100

D=> n(n-1)/N(N-1)=0.17
3.8. Biomass, Value and Biodiversity of Fishes at Cube ARs (ARs 7)

A total of 32 species were recorded at ARs 7 where 23 out of the total species were commercial
species. The most abundant species were Lutjanus lutjanus with 28,800 individuals followed by
Lutjanus madras (18,000 individuals), Apogon aureus (11,880 individuals) and Archamia fucata
with 10,440 individuals. Other species were ranged between 18 — 9,360 individuals. Total biomass
was estimated at 3,096 kg with an average 172 kg/module. The highest biomass was Lutjanus
lutianus with 864 kg followed by Lutjanus russellii (720 kg) and other species were ranged
between 10.8 — 540 kg. The value of commercial fish was estimated about RM 49,876.20. Details
are shown in Table 15.
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Biodiversity of fishes at this site according to Simpson Diversity Index (D) was 0.14 (N = 108,774)
with 32 total number of species. In term of percentage, Lutjanus lutjanus recorded the highest at
26.48% followed by Lutjanus madras (16.55%) and Apogon aureus at 10.92%. Details are shown
in Table 16.

Table 16: Simpson’s Diversity Index (D) at Cube ARs, Merchang (ARs 7)

Species Nug;l;ecl;eosf/l;ilt‘i lz’:)lual N (n-1) Percentage %
1 Lutjanus lutjanus 28,800 829411200 26.48
2 | Lutjanus madras 18,000 323982000 16.55
3 | Lutjanus johnii 36 1260 0.03
4 | Lutjanus russellii 900 809100 0.83
5 | Lutjanus vitta 540 291060 0.50
6 | Lutjanus kasmira 720 517680 0.66
7 | Lutjanus quinquelineatus 360 129240 0.33
8 | Lutjanus argentimaculatus 36 1260 0.03
9 | Lutjanus malabaricus 54 2862 0.05
10 | Diagramma pictum 108 11556 0.10
11 | Plectorhinchus gibbosus 36 1260 0.03
12 | Epinephelus coioides 36 1260 0.03
13 | Cephalopholis boenak 288 82656 0.26
14 | Plectropomus areolatus 54 2862 0.05
15 | Cephalopholis formosa 72 5112 0.07
16 | Pterocaesio chrysozona 2,160 4663440 1.99
17 | Scolopsis monogramma 288 82656 0.26
18 | Scolopsis vosmeri 54 2862 0.05
19 | Selaroides leptolepis 3,600 12956400 3.31
20 | Sphyraena forsteri 2,880 8291520 2.65
21 | Apogon nigrocincta 8,280 68550120 7.61
22 | Apogon cavitiensis 9,000 80991000 8.27
23 | Apogon aureus 11,880 141122520 10.92
24 | Archamia fucata 10,440 108983160 9.60
25 | Neopomacentrus cyanomos 9,360 87600240 8.60
26 | Neopomacentrus azystron 252 63252 0.23
27 | Labroides dimidiatus 324 104652 0.30
28 | Choerodon schoenleinii 36 1260 0.03
29 | Pempheris malabarica 108 11556 0.10
30 | Heniochus diphreutes 36 1260 0.03
31 | Coradion chrysozonus 18 306 0.02
32 | Pomacanthus annularis 18 306 0.02
Total N=108,774 > n(n-1)=1668676878 100

D=Yn(n-1)N (N-1)=0.14
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3.9. Biomass, Value and Biodiversity of Fishes at Cube ARs (ARs 8)

A total of 36 species were recorded at ARs 8 where 20 out of the total species were commercial
species. The most abundant species were Lutjanus lutjanus with 54,000 individuals followed by
Lutjanus madras (28,800 individuals), Apogon aureus (22,680 individuals) and Archamia fucata
with 20,520 individuals. Other species were ranged between 4 — 19,080 individuals. Total biomass
was estimated at 4,564.8 kg with an average 253.6 kg/module. The highest biomass was Lutjanus
lutjanus with 1,350 kg followed by Lutjanus madras (864 kg) and other species ranged between
10.8 — 540 kg. The value of commercial fish was estimated about RM 66,618.00. Details are shown
in Table 17.
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Biodiversity of fishes at this site according to Simpson’s Diversity Index (D) was 0.15 (N =
192,170) with 36 total number of species. In term of percentage, Lutjanus lutjanus recorded the
highest at 28.1% followed by Lutjanus madras (14.99%) and Apogon aureus at 11.8%. Details are
shown in Table 18.

Table 18: Simpson’s Diversity Index (D) at Cube ARs, Kijal (ARs 8)

Spesies Numbel: of il‘ldividual a1y Percentage
species /site (n) %

1 | Lutjanus lutjanus 54,000 2915946000 28.10
2 | Lutjanus madras 28,800 829411200 14.99
3 | Lutjanus russellii 360 129240 0.19
4 | Lutjanus kasmira 10,080 101596320 5.25
5 | Lutjanus quinquelineatus 3,600 12956400 1.87
6 | Lutjanus vitta 720 517680 0.37
7 | Epinephelus bleckeri 108 11556 0.06
8 | Plectropomus areolatus 7 45 0.00
9 | Epinephelus coioides 18 306 0.01
10 | Epinephelus areolatus 54 2862 0.03
11 | Cephalopholis boenak 288 82656 0.15
12 | Cephalopholis formosa 36 1260 0.02
13 | Diagramma pictum 180 32220 0.09
14 | Caesio cuning 288 82656 0.15
15 | Pterocaesio chrysozona 4,320 18658080 225
16 | Carangoides gymnostethus 360 129240 0.19
17 | Carangoides sp. 108 11556 0.06
18 | Neopomacentrus cyanomos 2,808 7882056 1.46
19 | Neopomacentrus azystron 360 129240 0.19
20 | Pomacentrus sp. 1,800 3238200 0.94
21 | Chromis sp. 3,600 12956400 1.87
22 | Pempheris malabarica 90 8010 0.05
23 | Heniochus diphreutes 36 1260 0.02
24 | Deodon liturosus 4 12 0.00
25 | Echeneis naucrates 4 12 0.00
25 | Apezonsp. 17,280 208581120 8.99
27 | Apogon endekataenia 19,080 364027320 9.93
28 | Apogon aureus 22,680 514359720 11.80
29 | Archamia fucata 20,520 421049880 10.68
30 | Labroides dimidiatus 360 129240 0.19
31 | Thalassoma lunare 18 306 0.01
32 | Choerodon schoenleinii 72 5112 0.04
33 | Scolopsis vosmeri 36 1260 0.02
34 | Pomacanthus annularis 36 1260 0.02
35 | Pterois ruselli o 20 0.00
36 | Petroscirtes sp. 54 2862 0.03
Total N = 192,170 3 1 (n-1) = 5501942567 100

D=Yn(n-1)/N (N-1)=0.15
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3.10. Biomass, Value and Biodiversity of Fishes at Recreation 2 ARs (ARs 9)

A total of 39 species recorded at ARs 9 where 23 out of the total species were commercial species.
The most abundant species were Archamia fucata with 2,960 individuals followed by Apogon
aureus (3,600 individuals), Archamia bleekeri (2,880 individuals) and Apogon cavitiensis with
2,808 individuals. Other species were ranged between 4 — 2,520 individuals. Total biomass was
estimated at 2,035.8 kg with an average 113.1 kg/module. The highest biomass was Lutjanus
russellii with 324 kg followed by Siganus javus (270 kg) and other species were ranged between 3.6
— 243 kg. The value of commercial fish was estimated about RM 36,727.20. Details are shown in
Table 19.
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Biodiversity of fishes at this site according to Simpson’s Diversity Index (D) was 0.07 (N =
33,017) with 39 total number of species. In term of percentage, Archamia fucata recorded the
highest at 11.99% followed by Apogon aureus (10.90%) and Archamia bleekeri at 8.72%. Details
are shown in Table 20.

Table 20: Simpson’s Diversity Index (D) at Recreation 2 ARs, Sungai Merchong (ARs 9)

Species Nul:;)l;il{e(;f/lslilt‘i 127111()1ual n (n-1) Percentage %
1 | Lutjanus lutjanus 1,800 3238200 5.45
2 | Lutjanus russellii 540 291060 1.64
3 | Lutjanus madras 900 809100 2.73
4 | Lutjanus vitta 900 809100 2.73
5 | Lutjanus johnii 36 1260 0.11
6 | Lutjanus kasmira 2,520 6347880 7.63
7 | Lutjanus quinquelineatus 180 32220 0.55
8 | Plectorhinchus gibbosus 36 1260 0.11
9 | Diagramma pictum 144 20592 0.44
10 | Epinephelus bleekeri 36 1260 0.11
11 | Cephalopholis boenak 144 20592 0.44
12 | Epinephelus coioides 54 2862 0.16
13 | Cephalopholis formosa 36 1260 0.11
14 | Caesio cuning 540 291060 1.64
15 | Siganus javus 900 809100 2.73
16 | Siganus canaliculatus 36 1260 0.11
17 | Atule mate 1,800 3238200 5.45
18 | Alepes vari 1,080 1165320 3.27
19 | Scolopsis monogramma 90 8010 0.27
20 | Scolopsis vosmeri 72 5112 0.22
21 | Scolopsis torquatus 36 1260 0.11
22 | Chiloscyllium hasseltii 72 5112 0.22
23 | Plotosus canius 108 11556 0.33
24 | Karalla daura (ikan baja) 2,160 4663440 6.54
25 | Neopomacentrus azystron 198 39006 0.60
26 | Neopomacentrus cyanomos 1,800 3238200 545
27 | Pempheris malabarica 720 517680 2.18
28 | Apogon endekataenia 2,340 5473260 7.09
29 | Apogon aureus 3,600 12956400 10.90
30 | Archamia fucata 3,960 15677640 11.99
31 | Apogon nigrocincta 460 211140 1.39
32 | Apogon cavitiensis 2,808 7882056 8.50
33 | Archamia bleekeri 2,880 8291520 8.72
34 | Arothron stellatus 4 12 0.01
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35 | Arothron hispidus 7 42 0.02
36 | Deodon liturosus 4 12 0.01
37 | Taeniura lymma 4 12 0.01
38 | Labroides dimidiatus 8 56 0.02
39 | Scorpaenopsis sp. 4 12 0.01

Total N=33,017 > n (n-1)=76063124 100

D=3 n (n-1)/N (N-1) = 0.07

3.11. Biomass, Value and Biodiversity of Fishes at Cuboid-AT ARs (ARs 10)

A total of 38 species were recorded at ARs 10 where 24 out of total species were commercial
species. The most abundant species were Lutjanus lutjanus with 46,000 individuals followed by
Lutjanus madras (36,800 individuals), Archamia bleekeri (11,500 individuals) and Apogon
endekataenia with 3,680 individuals. Other species ranged between 9 — 2,438 individuals. Total
biomass was estimated at 6,047.2 kg with an average 262.9 kg/module. The highest biomass was
contributed by Sphyraena jello with 1,656 kg followed by Lutjanus lutjanus (1,380 kg) and other
species were ranged between 2.8 — 920 kg. The value of commercial fish was estimated about RM

84,759.60. Details are shown in Table 21.
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Biodiversity of fishes at this site according to Simpson’s Diversity Index (D) was 0.27 (N =

115,216) with 38 total number of species. In term of percentage, Lutjanus lutjanus recorded
the highest at 39.93% followed by Lutjanus madras (31.94%) and Archamia bleekeri with
9.98%. Details are shown in Table 22.

Table 22: Simpson’s Diversity Index (D) at Cuboid-AT ARs, Pulau Tinggi (ARs 10)

Number of individual

Species apecies fite ) n(n-1) Percentage %

1 | Lutjanus lutjanus 46,000 2115954000 39.93

2 | Lutjanus madras 36,800 1354203200 31.94

3 | Lutjanus johnii 460 211140 0.40

4 | Lutjanus russellii 322 103362 0.28

5 | Lutjanus vitta 920 845480 0.80

6 | Lutjanus malabaricus 69 4692 0.06

7 | Epinephelus bleekeri 92 8372 0.08

8 | Cephalopholis boenak 368 135056 0.32

9 | Epinephelus coioides 46 2070 0.04
10 | Epinephelus erythrurus 23 506 0.02
11 | Cephalopholis formosa 69 4692 0.06
12 | Caesio cuning 230 52670 0.20
13 | Pterocaesio chrysozona 230 52670 0.20
14 | Siganus javus 92 8372 0.08
15 | Siganus guttatus 46 2070 0.04
16 | Siganus canaliculatus 230 52670 0.20
17 | Selaroides leptolepis 2,300 5287700 2.00
18 | Pateobatis jenkinsii 9 72 0.01
19 | Diagramma pictum 368 135056 0.32
20 | Sphyraena jello 1,380 1903020 1.20
21 | Pomacanthus annularis 23 506 0.02
22 | Choerodon schoenleinii 46 2070 0.04
23 | Labroides dimidiatus 69 4692 0.06
24 | Leptojulis cyanopleura 69 4692 0.06
25 | Neopomacentrus azystron 230 52670 0.20
26 | Neopomacentrus cyanomos 460 211140 0.40
27 | Pomacentrus sp. 1,840 3383760 1.60
28 | Pomacentrus milleri 46 2070 0.04
29 | Dascyllus sp. 115 13110 0.10
30 | Apogon endekataenia 3,680 13538720 3.19
31 | Apogon aureus 2,300 5287700 2.00
32 | Apogon cavitiensis 2,162 4672082 1.88
33 | Archamia fucata 2,438 5941406 2.12
34 | Archamia bleekeri 11,500 132238500 998
35 | Lethrinus lentjan 46 2070 0.04
36 | Heniochus diphreutes 46 2070 0.04
37 | Arothron stellatus 23 506 0.02
38 | Scolopsis vosmeri 69 4692 0.06

Total N=115,216 > n (n-1) = 3644329326 100

D=3 n (n-1)/N (N-1) = 0.27
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4. DISCUSSION AND CONCLUSION

According to Mohamed Pauzi ef al. (2010), total weight of commercial fishes recorded at
Cuboid ARs was 16.5 kg/module after 11 months of deployed in Setiu, 5.1 kg/module after
five months deployed in Kuala Terengganu and 96.7 kg/module after 11 months also
deployed in Kuala Terengganu. Their research was conducted between 5 — 11 months after
deployment compared to ARs in this study which were deployed between one month to 10
years. In term of Simpson’s Diversity Index (D), Cuboid ARs deployed in Setiu and two sites
in Kuala Terengganu were 0.919, 0.725 and 0.493 respectively. The ranged of ‘D’ value for
this study were between 0.07 — 0.33. The results showed that biodiversity of fishes at all sites
were higher compared to the previous study conducted by Mohamed Pauzi et al. (2010). As
species richness and evenness increase, so diversity increases. With this index, 0 represents
infinite diversity and 1 means no diversity.

The ARs module studied by Mohamed Pauzi ef al. (2010) only weighted about 10 metric
tons, measured 2 m (length) X 2 m (width) X 3 m (height) and recorded only 5 — 9 species.
Number of species recorded during this study was ranged between 14 — 46 species. The
higher number of species for this study (46 species) were due to bigger size of confiscated
fishing vessels (ARs 3) measured 25.5 m (length) X 4 m (width) X 5 m (height)/module,
large coverage area and higher number of modules per site (18 modules). The lowest species
richness (14 species) was recorded at a single RTR module near Pulau Kapas (ARs 5)
weighted about 18 metric tons and measured 6 m (length) X 6 m (width) X 2 m (height). The
coverage area only 72 m’ compared to 14,668 m’ at ARs 3. For instance, at another RTR
module (ARs 4) weighted about 43 metric tons with 11.1 m (length) X 11.1 m (width) X 3 m
(height), 25 species of fish were recorded. As a conclusion, the highest number of
species/module was recorded at ARs 4 followed by ARs 5 and ARs 6 with 25 species, 14
species and three species respectively.

The highest biomass was recorded at ARs 10 with 6,047.2 kg (262.92 kg/module). This site
covered sea floor area about 845 m’ that consisted of 23 modules of concrete ARs with
measurement of 3.5 m (length) X 3.5 m (width) X 3 m (height). The lowest biomass was
recorded at ARs 6 with 129.1 kg (25.8 kg/module). In terms of biomass/module, ARs 4
recorded the highest with 1,009.4 kg followed by ARs 5 (441.9 kg) and ARs 10 at 262.9 kg.
In term of value, the highest was recorded at ARs 10 with RM 84,759.60 followed by ARs 3
(RM 68,679.00) and ARs 8 at RM 66,618.00. The lowest value was recorded at ARs 6 with RM
1,824.50. Summary of species biodiversity, biomass and value are shown in Table 23.

Based on this finding, higher number of module, bigger size of ARs and longer time of
deployment will attract more diversity of fishes. According to Ahmad e al. (2013), bigger
size of ARs are also functioning effectively as hindrance to illegal trawling. Those ARs have
by now developed into new habitats not only for fish, but also for other marine flora and
fauna.
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In general, the ARs program in the eastcoast of Peninsular Malaysia has achieved its
objectives in increasing fishery resources and deterring illegal trawling in the coastal area.
This information was based on observation made by Southeast Asia Marine Resources
Institute (ISMAT) researchers and fishers. The most suitable materials are steel and
reinforced concrete. Durability of fishing vessel covered with thick fiberglass is still under
study. The larger size, large coverage area and higher number of modules of ARs are superior
to the smaller, less coverage area and fewer number in attracting fishes. The large size ARs is
excellent in performing the dual functions of creating new habitats on its’ surface and
deterring the encroachment of trawlers. The DoFM through ISMAT is continuing in their
endeavor to seek the progress of other new designs of ARs that will be able to closely imitate
the natural reefs. The decision by the DoFM policy makers to construct large, heavy and
robust artificial reefs using durable materials such as reinforced concrete, oil and gas platform
and confiscated fishing vessels covered with thick fiberglass were successfully functioned as
expected. As a conclusion, coastal resource enhancement program in Malaysia is partially
achieve by ARs program.

Table 23: Summary of biodiversity of species and biomass

Name | Number | Number | Average Total Average Value of
of ARs | of of Fish Number of Biomass/Site | Biomass/Module | Fish/site
Module | Species Species/Module | (kg) (kg) (RM)
Recorded

ARs 1 14 18 1.3 1,203 85.9 26,451.04
ARs 2 14 28 2 1,367.4 97.7 24,020.50
ARs 3 18 46 2.5 5,005 278.1 68,679.00
ARs 4 1 25 25 1,009 .4 1,009 .4 11,057.50
ARs 5 1 14 14 441.8 441.8 4,321.25
ARs 6 5 17 34 129.1 25.8 1,824.50
ARs 7 18 32 1.8 3,096 172 49.876.20
ARs 8 18 36 2 4,564.8 253.6 66,618.00
ARs 9 18 39 2.2 2,035.8 113.1 36,727.20
ARs 10 23 38 1.6 6,047.2 262.9 84,759.60
Total 130 24,899.5 374,334.79
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