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Abstract: Artificial reefs (ARs) have been established in Malaysian fisheries waters since 1975 using various 

materials such as discarded tyres, derelict and confiscated fishing vessel, reinforced concrete, polyvinyl 

chloride (PVC), fiberglass reinforce concrete (FRC), fiberglass, ceramic, combination of several materials (reef 

balls) as well as abandon oil platform. PulauPayar’s ARs project started in October 1975 shortly after the first 

ARs built in Malaysia at the PulauTelur, Kedah. For a long time, it never been assessed for its effectiveness as 

habitats providing shelter and food for the fishes. This study applied the observation methods to enumerate 

species and individual number of the fishes and adopting Margalef’s index (R1) and Menhinick’s index (R2) to 

measure species richness and Shannon-Weiner and Simpson indices for biodiversity measures. Several natural 

coral reefs surveyed by other researchers were selected for comparison purposes. It is found that that 

theShannon-Weiner’s diversity indices of the ARs are lower that the surveyed natural reefs but Simpson’s index 

of the ARs compared to natural reefs of PulauPayar itself indicates positive result. An important finding is the 

failure of the ARs to attract the coral fishes to dwell around and within its vicinity though the presence of 

commercial species may balance its weaknesses. 

Keywords: artificial reefs, biodiversity, coral fishes, effectiveness, PulauPayar. 

 

I. Introduction 
PulauPayar along with other nearby smaller islands was gazetted as Marine Parks under the Marine 

Parks Malaysia Order 1989 [1]. The Order was enacted following the stipulated provisions under the Fisheries 

Act 1985, Part 41 through Part 45 [2]. Some studies had shown that the diversity of most corals in Malaysia 

(PulauPayar included) was declining [3], [4] and facing environmental threats [5] thus prompting the 

government to establish the Fisheries Prohibited Areas (FPA) [1] and later gazetted towards more organized and 

stringent Marine Parks regime. At the beginning, besides creating the marine parks, more conservation efforts 

were concentrated on the rehabilitation of coral reef ecosystem, through the construction of artificialreef 

throughout the country [6].Artificial reefs (ARs) have been established in Malaysian fisheries waters since 1975 

using various materials such as discarded tyres, derelict and confiscated fishing vessel, reinforced concrete, 

Polyvinyl Chloride (PVC), fiberglass reinforce concrete (FRC), fiberglass, ceramic, combination of several 

materials (reef balls) as well as abandon oil platform [7].PulauPayar’s ARs project started in October 1975 

shortly after the first ARs built in Malaysia at the PulauTelur, Kedah [8]. 

Common fish found in PulauPayar reefs as recorded by De Silva and Ridzwan [9] were barracuda 

(Sphyraena sp.), groupers (Epinephelus sp. and Promicrops sp.), rabbit fish (Siganusoramin), fusiliers 

(Caesiochrysozonus and C. erythrogaster), sergeant-majors (Abudefdufsaxatilis) and snappers 

(Lutjanuslineolatus). Reference [10] recorded 23 families with total number of 7,029 individual; the highest 

abundance compared to other sites located around Langkawi Island (PulauSingaBesar, TelukDatai and 

PulauRebakBesar). Recent study by [11] found that the abundance of some major species such as snapper 

(131.08 individuals per 500 m
3
) being the most abundant food fish, with lower populations of grouper (2.83 per 

500 m
3
) and parrot fish (2.08 per 500 m

3
).Study of the effectiveness of the ARs of PulauPayar had been carried 

out by [12] at locations of 06.06
0
 N and 100.04°E where sunken boats, tyres and concrete reefs were placed in 

the early 1970’s. Three genera of groupers (Epinephalus sp., Cephalopholis sp. and Anypherodon sp.) were 

recorded and found to be abundant in all three types of reef (the number observed was more than six fishes per 

10 m
2
 ) and they concluded that the artificial reef program by DOF was successful in increasing the number of 

fishes around the reefs. 

The use of diversity indices to compare the health between coral reefs or other ecosystems is a common 

practice among researchers [13], [14] and [15]. In this study, the health of the coral reefs corresponds to fishes’ 

diversity values although there are researchers adopting other ecosystem’s components such as water quality, 

microbial diversity and benthic cover in their evaluation of reef’s health [16]. A diverse ecosystem is more 

preferable and important [17], [18] and [19] therefore, it is used as indicator for the effectiveness of the ARs in 
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this study.Studies on the PulauPayar’s biodiversity by [20], [21] and[22] on Bidong’s reefs provides a good 

benchmark for the health of the ecosystem. Essentially, the use of density measure, normally in term of number 

per unit area [23]or sometime in volume [24] is another good indicator for effective reef assessment.  

The objective of this study is to assess the effectiveness of the concrete ARs [25] at PulauPayarin 

improving fish diversity, by methods of species and behavioural identification, enumerating fish number at 

genera level and comparing diversity measures with other healthy coral reef areas. 

 

II. Materials And Method 
PulauPayar is located approximately 20nm south-east of Langkawi Island, 15 nm west of Kuala Kedah 

on the Peninsular mainland (Look Fig. 1). The length of the island is about 1.75 km and the breadth on average 

is 500 m with total area of 31 ha [1] making it the largest island among the other islands which are closer to it; 

namely, thePulauSegantang, PulauKaca and PulauLembu. Five locations were chosen as study sites mainly 

based on the known areas where ARs were constructed10 -15 years ago by the DOF. They were at Lat. 06° 

03
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NE. All ARs were located on the east side of the PulauPayar (Look Fig. 2). All ARs under study were made of 

concrete (Look Photo 1 through Photo 4). 

 

 
Figure 1: Map showing the location of 

PulauPayar, Kedah. 

 
Figure 2: Location of the ARs 

 

 
Photo 1: Concrete AR 

 
Photo 2 : Concrete AR 

 
Photo 3: Concrete AR 

 
Photo 4 : Concrete AR 

 

The study on coral fishes adapted the direct observation method [26], [27] which is non-extractive [28], 

non-destructive [29] and non-manipulative [30] methods by SCUBA [31]. Species identification referred to 

[32],[33] and [34]. Cryptic species were ignored due to the difficulty in identifying them and their insignificance 

to the larger masses of fishes under study [35].A diver-researcher observed and recorded his findings on water-

proof paper placed on a slate. Other apparatus used were under-water camera, echo-sounder, measuring tape, 

rope and torch-light. Each dive usually took about 45-55 minutes at depth between 15-24 m. At the end of the 

task, prior to surfacing, the diver performed safety stop [36] for three minutes at depth of six meters for the 
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purpose of nitrogen elimination to avoid decompression sickness [37]. A total of 15 day-time divesand two 

night-timeswere made between November 2014 and February 2015.  

Biodiversity or diversity study was restricted to the ARseach enclosed within the cylinder of five 

meters radiusand five meters high measured using the measuring tape and a 10 m rope rested across the AR 

served as a transect line. The volume of the cylinder was calculated to be 392 m
3
. Before each dive, a location 

was chosen randomly using the random numbers generator following Stat Trek [38]. The diver-researcher then 

swam above the transect-line at the height of five meters and counted the fishes on the left and right sides of the 

line [27].Data needed for diversity index measurement such as number of species and individuals were recorded 

along other parameters such as depth, time and temperature. The visibility was between 1.2 m and 3.0 m. 

Diversity indices were measured as follow; 

(i) Richness indices 

Margalef’s index (R1) and Menhinick’s index (R2) are simple measure of species richness and are expressed as; 

 

R1 = 
N

S

ln

)1( 
andR2 = 

N

S
 

 

where S is the number of species and N the number of individuals. 

(ii) Diversity indices 

The density indices used in this study were the Shannon-Weiner and Simpson indices. Shannon-

Weiner’s diversity index of function H
1
, also referred as the Shannon-Weaver assumes that all species are 

represented in the sample and are randomly sampled [39]. The function is defined as: 
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Where, piis the proportion of individuals in the ith species; Sobsis the actual number of species observed 

and loge is the natural logarithm. Values of H
1
 for real communities typically fall between 1.5 and 3.5. The 

Shannon evenness is given by J = H
1
/ ln S, where S is the number of species and ln is the natural logarithm. 

Following [40], Simpson’s index (D) gives the probability of any two individuals drawn at random from an 

infinitely large community belonging to different species as: 
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Wherep = the proportion of individuals in the ith species. In order to calculate the index, the form appropriate to 

a finite community is used: 
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Whereni = the number of individuals in the ith species and N = the total number of individuals. As D 

increases, diversity decreases and Simpson’s index is therefore usually expressed as 1 - D or 1/D.Another 

method of estimating number of the reef fishes is by using the Coral Fish Diversity Index (CFDI) as devised by 

[41]. It is a convenient method for assessing and comparing overall reef fish diversity. It sums up the inventory 

of six key families: Chaetodontidae, Pomacanthidae, Pomacentridae, Labridae, Scaridae, and Acanthuridae. 

Since PulauPayar falls under the category of areas with surrounding seas encompassing less than 2,000 km
2 

, the 

formula used will be; Estimated number of reef fishes= 3.39 X CFDI – 20.595 . 

 

III. Results And Discussion 
In this study, the effectiveness of ARs is assessed by the density or abundance of the fishes existedat 

the time of observation within the stipulated surrounding area, in this case within the 392 m
3
sphere. It 

summarizes, the higher the density of fishes measured, the more effective it is. Observation showed that fishes 

get attracted to ARs due to availability of food and shelter [42], [43]. Fish behaviour within the vicinity of the 

ARs was thus characterized following Nakamura [44], where he observed thatthe affinity of some fishes 

towards the ARs structures can be characterized as (a) benthic dwellers in physical contact with it, (b) linked to 

it visually only, and (c) at some distance to it.From Nakamura[44], fish characteristics in this study are 

rephrased and described as follows; (a) resident fishes are fishes that are benthic, stay within the ARs most of 

the time during the observation period, (b) visitorfishes are fishes in contact with the ARs and seen nibbling the 

surface probably searching for suitable food attached to the surfaces of ARs, they were seen leaving the ARs 
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and went for another places, and (c) hovering fishes or visitor fishes but not in contact with the ARs and usually 

came in school.Fish abundance could be sightedclearly during the daytime dives especially in the early morning 

to midday but at night only resident fishes were detectable. For this reason, only data collected during the day-

time (morning to midday) are considered to represent the fish population. This is in agreement with Brock [45] 

who suggested that comparisons between fish communities based on visual census data should be restricted to 

the diurnally exposed species only. It was observed that groupers, sweetlips andmangrove snapper, resided 

within the ARsbutswam away from it when searching for food or being disturbed by the presence of the diver. 

They were the residents of the ARs however not seen feeding during the observation. Groupers had 

demonstrated the territorial characteristic seen chasing other fishes coming nearer to its resting area. Fishes such 

as puffer fish (Arothronstellatus), fusilier (Ceasiocuning), wrasse (Thalassomalunare), 

anglefish(Pomacanthusannularis), yellow back fusilier (Caesioxanthonota) were merely visitors obviously 

looking for food attached to the ARs. Most of the time, they were seen nibbling on the structures and left 

.Another group of fishes is visitor type but not in contact with the ARsandsearching for food, probably the 

planktons, close to it. The fishes were spadefish(Plataxsp), batfishes, andbig eye snapper (Lutjanuslutjanus). 

The last group of fishes were the hovering type for example big eye trevally (Caranxsexfasciatus) which came 

in school and seen swimming against the lee wave. Some of the fishes photographed during the observation are 

shown in Photo 5 through Photo12 below. A total of 25 species were identified during the 36 dives (See Table 

1). 

 

 
 

Table 1:Fish observed in vicinity of the ARs (local name/English name) 

 

 

 

 
Photo 5: Resident fish  

(Epinephalus sp.) 

 
Photo 6: Resident fish 

(Plectorhincus gibbosus) 

 
Photo 7 : Resident fish 

(Lutjanus argentimaculatus) 

 
Photo 8 : Resident fish 

(Pomacanthus annularis) 

 
Photo 9: Visitor in-contact fish 

(Heniochus acuminatus) 

 
Photo 10: Visitor in-contact fish 

(Scarus ghobban) 

 
Photo 11: Visitor not in-contact 

(Caesio caerulaurea) 

 
Photo 12: hovering fishes 

(Caranx sexfasciatus) 

 

No.   

1. Abalistes stellaris (Ikan Jebong / Trigger fish) Visiting in contact – nibbling on the AR – 

probably nesting nearby on the sandy 
substrate 

2. Anyperodon leucogrammicus (Kerapu Batik / Slender grouper) Resident – but very elusive – burst away 

upon noticing divers 

3. Apogon sp. (Seriding / Cardinal fish) Visiting in contact – sheltering in the shade 
of artificial reef – feeding on plankton 

4. Arothron stellatus (Buntal - Pasir Bintang / Star Puffer) Visiting not in contact – not bothered by 

presence of divers 

5. Caesio sp. (Ikan Delah/ Fusilier) Visiting not in contact – feeding on 
plankton 

6. Caesio xanthonota (Ikan Delah atas Kuning / Yellowback fusiliers) Visiting not in contact – feeding on 

plankton 

7. Caesio cuning (Ikan Delah Pinang / Fusilier) Visiting not in contact – feeding on 
plankton 

8. Carangoides fulvoguttatus - (Ikan Demudok Bintik Kuning / Yellow dotted trevally) Hovering – feeding 

9. Caranx sexfasciatus (Kerepoh / Big eye trevally) Hovering – feeding 

10. Cephalopholis formosa (Kerapu Garis Biru / Blue lined Coral Cod) Visiting in contact – often found hiding in 
artificial reef 

11. Chromis sp. (Gombing / Damsels) Visiting in contact – feeding – nibbling on 

AR surfaces 

12. Epinephelus sp. (Kerapu / Grouper) Resident - elusive 

13. Epinephelus coiodes (Kerapu Bintik / Orange Spotted grouper) Resident – elusive  - ambush attack feeding 
type 

14. Heniochus acuminatus (Gayam Panji / Longfin bannerfish) Visiting in contact – feeding by nibbling on 

AR surface 

15. Lutjanus argentimaculatus (Ikan Jenahak/ Mangrove Gray Snapper) Resident – elusive – ambush attack feeding 

type - predator 

16. Lutjanus lutjanus (Ikan Kunyit / Big eye snapper) Visiting in contact – swimming in and out 

of AR and feeding 

17. Platax teira (Tudung Periok / Spadefish) Visiting not in contact 

18. Plectorhinchus gibbosus (Kaci Hitam / Gibbus sweetlips) Resident 

19. Pomacanthus annularis (Ikan Taring Pelanduk / Blue Ring Anglefish) Resident – feeding by nibbling and breaking 

up oysters on the AR surface 

20. Pterocaesio chrysozona (Ikan Delah Karang / Goldband Fusiler) Visiting not in contact – feeding on 
plankton 

21. Scolopsis sp. (Ikan Pasir Pasir / Monocle bream) Visiting not in contact – feeding on benthos 

22. Scomberoides tala (Ikan Talang Talang/ Queenfish) Hovering – fast swimming – feeding on 

small fishes 

23. Siganus javus (Dengkis/ Rabbit Fish) Visiting in contact – feeding by nibbling on 

AR surfaces 

24. Thalassoma lunare (Ketarap/ Moon Wrasse) Visiting in contact – feeding by nibbling on 

AR surfaces 

25. Zanclus cornutus (Ikan Layang Layang/ Moorish idol) Visiting in contact – feeding by nibbling on 

AR surfaces 
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In term of diversity, the effectiveness of ARs is discerned by comparing the diversities of other well-

known, established and healthy coral reef areas. Table 2 shows species and individuals number enumerated 

during the seventeen (17) dives between the months of December 2014 and April 2015.However, only day-time 

dives were considered valid as dives no. 2,4,8,12 and 15 were carried out in the afternoon while dives no. 16 and 

17 were at night and before sunrise respectively. The values of the richness and diversity indices of the ARs 

compared with the indices of natural coral reefs measured by other researchers are shown in Table 3. In general, 

diversity of the ARs of PulauPayar is lesser than the natural reefs of selected locations. In term of 

Margalef’srichness (R1), it is only 13.7% of the maximum richness of the natural reefs of PulauPayar surveyed 

by MCRCP in 2005 and 14.7% of PulauBidong surveyed in 2014. However, the Shannon-Weiner index (H
1
) of 

the ARs is 87.8% of the diversity of Andavadoaka, Madagascar’s reefs although other reefs it ranges from 

56.2% to 67.2%. With respect to Simpson’s index (D), the performance of the ARs is shown excellent as it is 

88% of the diversity of the PulauPayar natural reefs as surveyed by MCRCP. Density of the fishes is calculated 

to be from 0.04 fish m
3 

to 5.6 fishes m
3 

for the 10 dives or the mean of 1.51 fish m
3
. This is much better 

assessment of density as the survey done by MCRCP only gives the density of 0.09 fish m
3
. 

 
Table 2: Number of species and individuals enumerated during the daytime dives 

 
Table 3: Comparison of diversity values between previous study of natural coral reefs and this study 

 ARs of Pulau Payar 

(2015) by this 
study 

Barrier reef of 

Andavadoaka, 
Madagascar [46] 

(2005) 

Coral reefs of Bidong 

Island, Trengganu, 
Malaysia [22] (2014) 

Reefs of PulauPayar [20] 

(2006) 

R1 0.35-1.61 - 7.42-11.73 - 

R2 0.17-1.25 - - - 

HI 0.27-1.58 1.8 2.72-2.81 0.97-2.35 

D 0.1-0.76 - - - 

 
 Malaysia coral reef 

conservation project 

(MCRCP): 
PulauPayar [21] (2005) 

R1 7.74-10.94 

R2 - 

HI 2.15-2.43 

D 0.81-0.86 

 

DIVE DIVE DIVE DIVE DIVE DIVE DIVE DIVE DIVE DIVE DIVE DIVE DIVE DIVE DIVE DIVE DIVE

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 Abalistes stellaris 1

2 Anyperodon leucogrammicus 1 2 1

3 Apogon sp. 5

4 Arothron stellatus 

5 Caesio sp. 500 20 20 30 50 50 100 10 15 50

6 Caesio xanthonota 500

7 Caesio cuning 50 50 7

8 Carangoides fulvoguttatus 200 50 100 1

9 Caranx sexfasciatus 500 50 500 1000 100 500

10 Cephalopholis formosa 1 2 1

11 Chromis sp. 30 8 20 50 50 1 50

12 Epinephelus sp. 

13 Epinephelus coiodes 1 1 1 1 1

14 Heniochus acuminatus 8 4 2 2 3 10 3 28 20 10 4 4 4 4

15 Lutjanus argentimaculatus 1 1 1 1 3 2 3 3

16 Lutjanus lutjanus 500 100 15 500 500 100

17 Platax teira 1 10

18 Plectorhinchus gibbosus 7 6 2 2 3 2 2 4 8 2 2 1 2 1 1

19 Pomacanthus annularis 2 2 1 2 2 2 2 2 6 2 2

20 Pterocaesio chrysozona 

21 Scolopsis sp. 3

22 Scomberoides tala 1 2

23 Siganus javus 20 100 6 10 200 10 4

24 Thalassoma lunare 2 1 1 1 4 4 1

25 Zanclus cornutus 2 5

Number of Individuals 1019 35 277 8 16 145 668 87 157 629 2192 173 301 527 18 605 118

Number of Species 6 7 9 5 5 9 9 8 8 9 13 8 3 6 3 5 6

R1 0.72 X 1.42 X 1.44 1.61 1.23 X 1.38 1.24 1.56 X 0.35 0.8 X X X

R2 0.190 X 0.540 X 1.250 0.750 0.350 X 0.640 0.360 0.280 X 0.170 0.260 X X X

H ̒ 0.8 X 1 X 1.32 1 0.83 X 1.58 0.78 1.37 X 0.66 0.27 X X X

Eveness=H/Hmax 0.44 X 0.45 X 0.82 0.45 0.38 X 0.76 0.35 0.53 X 0.6 0.15 X X X

D 0.52 X 0.46 X 0.68 0.48 0.41 X 0.76 0.35 0.69 X 0.45 0.1 X X X

Density (no. of fishes /392 cu.m) 2.6 X 0.71 X 0.04 0.37 1.7 X 0.4 1.6 5.6 X 0.77 1.34 X X X
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In this study, the attempt to assess reef fishes using CFDIhad failed as the number of species that falls 

under the common six key families: Chaetodontidae, Pomacanthidae, Pomacentridae, Labridae, Scaridae, and 

Acanthuridae was considered insignificant. Only two individuals of Pomacanthusannularisof family 

Pomacanthidae and two individuals of Thalassomalunareof family Labridae were observed near the ARs. This 

clearly indicates that the ARs had failed to attract coral fishes to dwell within and around its vicinity.  

 

IV. Conclusion 
This study has shown that over long period of time, the fish resources in term of diversity of the ARs 

have not been able to match the natural coral reefs. However, to some extent, the ARs are able to create habitats 

that are suitable to certain species and managed to offer shelter and feeding areas for the fishes. Comparing the 

diversities of other natural reefs provides a general idea of the effectiveness of the ARs which may assist 

researchers to improve the ARs in term of structure design, location and materials used. Failure of the ARs to 

attract coral reef fishes may indicate the weakness in flora and fauna development of the ARs which offer an 

area of study to accelerate their growth. On the other hand, the presence of commercial species is a positive 

indicator of the success of the ARs as this will motivate the government and researchers to continue with the 

ARs project around the country. 

 

Acknowledgment 
The authors would like to convey their gratitude towards the Director General of Fisheries Malaysia for 

allowing them to work on this research and contribute the knowledge and expertise to the betterment of the 

fisheries resources.A special appreciation note to divers who put their effort and diligent in this project 

especially to Mr MohdPauzi Abdullah and his crews. Lastly, but not least to Dr. VallinayagamSambanthan who 

had provided great assistance to this project. 

 

References 
[1]. http://www.dmpm.nre.gov.my/history_of_establishment.html?&lang=en .  

Retrieved 21 Jan 2016. 

[2]. Fisheries Act 1985. 

[3]. Björklund, M. I. (1974). Achievements in marine conservation, I. Marine parks. Environmental Conservation, 1(03), 205-217. 
[4]. Langham, N. P. E. (1976). The need for marine parks and reserves in Malaysia. Malayan Nature Journal (Malaysia), 29(4), 269-

276. 

[5]. State of The Coral Triangle: Malaysia, 2014 Asian Development Bank, Mandaluyong City,  

Philippines. 

[6]. Department of Fisheries Malaysia, 2000. PulauPayarMarine Park, Ministry of  

Agriculture, Malaysia, Kuala Lumpur. 
[7]. Saharuddin, A. H., Ali, A., Lokman, M. H., & Salihin, W. (2012). Recent development and management of artificial reefs (ARs) in 

Malaysia. In OCEANS, 2012-Yeosu (pp. 1-23). IEEE. 

[8]. Ahmad, A., Mahyam, M.I., Zaidnuddin, I., Mohamed Pauzi, A., Ku Kassim, K.Y., dan Nor Azman, Z. (2008). Status TukunTiruan 
Di Perairan Terengganu BerdasarkanPenilaianImejMenggunakanSonar PengimbasSisi. JabatanPerikanan Malaysia. 

[9]. Lim, L. C. (1988). Carrying capacity assessment of PulauPayar Marine Park,  

Malaysia.BOBP/REP/79.Bay of Bangal Programme, Madras, India. 
[10]. Andersson K (2002). A study of coral reef fishes along a gradient of disturbance in the Langkawi Archipelago, Malaysia.  

Unpublished undergraduate thesis, Uppsala University, Uppsala. 

[11]. Reef Check Malaysia. 2012. Status of Coral Reefs in Malaysia, 
http://www.reefcheck.org.my/images/documents/.  

survey_report/RCMSUR_2012.pdf [12 July 2014]. Retrieved 21 Jan 2016 

[12]. Zaidnuddin, L. and L. Abdul Razak. 1999. Fish standing stock observation atthe artificial reefs ofPulauPayar, Kedah. In 
International Conference on the Straits of Malacca.Gopinath, Ibrahim, Nik, F. Yusoph& M. Shariff (eds), Population 

Managementand Mitigation in the Straits ofMalacca Section. 

[13]. Magurran, A. E. (2013). Ecological diversity and its measurement.Springer Science & Business Media. 

[14]. Loiseau, N., &Gaertner, J. C. (2015). Indices for assessing coral reef fish biodiversity: the need for a change in habits. Ecology and 

Evolution, 5(18), 4018-4027. 

[15]. Tiffany, B. (2015). Marine Animalia Organism Diversity and Reef Condition on Two Reef Sites at Big Creek Beach and Boca del 
Drago, Bocas del Toro, Panamá.Independent Study Project (ISP) Collection. Paper 2145 

http://digitalcollections.sit.edu/isp_collection/2145 

Retrieved 25 Jan 2016. 
[16]. Bruce T, Meirelles PM, Garcia G, Paranhos R, Rezende CE, de Moura RL, et al. (2012). Abrolhos bank reef health evaluated by 

means of water quality, microbial diversity, benthic cover, and fish biomass data. PLoS ONE 7(6): e36687. 

[17]. Duffy, J. E. (2008). Why biodiversity is important to the functioning of real-world ecosystems. Frontiers in Ecology and the 
Environment, 7(8), 437-444. 

[18]. Norris, K., & Pain, D. J. (2002). Conserving bird biodiversity: general principles and their application (Vol. 7).Cambridge 

University Press. 
[19]. Butchart, S. H., Scharlemann, J. P., Evans, M. I., Quader, S., Arico, S., Arinaitwe, J., & Boucher, T. M. (2012). Protecting 

important sites for biodiversity contributes to meeting global conservation targets.PLoSOne ;7(3):e32529 

[20]. Yusuf, Y. (2006). Study of coral reef fishes of PulauPayarmerine park, Kedah. UnpublishedM.Sc thesis, USM. 
[21]. Malaysia Coral Reef Conservation Project:PulauPayar, Report To The Department Of Marine Parks, Malaysia,September 2004- 

March 2005. 

http://www.dmpm.nre.gov.my/history_of_
http://www.reefcheck.org.my/images/documents/
http://digitalcollections.sit.edu/isp_collection/2145


The Effectiveness Of Concrete Artificial Reefs Of  PulauPayar,Kedah 

DOI: 10.9790/2402-1007036470                                       www.iosrjournals.org                                       70 | Page 

[22]. Rumeaida, M. P., Daud, S. M., &Badri, F. M. (2014). Fish diversity and abundance in Bidong Island, South China Sea, 

Malaysia.AACL Bioflux, 7(3), 176-183. 

[23]. Stuart-Smith, R. D., Bates, A. E., Lefcheck, J. S., Duffy, J. E., Baker, S. C., Thomson, R. J., &Becerro, M. A. (2013). Integrating 
abundance and functional traits reveals new global hotspots of fish diversity. Nature, 501(7468), 539-542. 

[24]. Saha, B., Bhowmick, A. R., Chattopadhyay, J., & Bhattacharya, S. (2013). On the evidence of an Allee effect in herring populations 

and consequences for population survival: a model-based study.Ecological Modelling, 250, 72-80. 
[25]. Wagiman, S., Raja Omar, R.M.N., Mat Husin, C.O. and MohdNor, R. 1994. TukunTiruan Malaysia-Habitat 

tiruanmelestarikanperikananlaut. Dept. of Fisheries Malaysia, Kuala Terengganu. 

[26]. Smith, C. L., & Tyler, J. C. (1973). Direct observations of resource sharing in coral reef fish.HelgoländerWissenschaftliche 
Meeresuntersuchungen, 24(1-4), 264-275. 

[27]. English, S. S., Wilkinson, C. C., & Baker, V. V. (1994). Survey manual for tropical marine resources.Australian Institute of Marine 

Science (AIMS). 
[28]. Cesar, H. S. (2000). Coral reefs: their functions, threats and economic value. Pp 14-39 in H.S.J. Cesar (ed). Collected Essays on the 

Economics of Coral Reefs. Kalmar University,  

Sweden: CORDIO. 
[29]. Brock, R. E. (1982). A critique of the visual census method for assessing coral reef fish populations.Bulletin of Marine Science, 

32(1), 269-276. 

[30]. Noble, M. M., van Laake, G., Berumen, M. L., & Fulton, C. J. (2013). Community change within a Caribbean coral reef marine 
protected area following two decades of local management.PloS One, 8(1), e54069. 

[31]. Mora, C. (Ed.). (2015). Ecology of Fishes on Coral Reefs.Cambridge University Press. 

[32]. Lieske, E., & Myers, R. (1994). Collins pocket guide. Coral reef fishes. Indo-Pacific & Caribbean including the Red Sea.Haper 
Collins Publishers, 400. 

[33]. Mohsin, A.K.M., M.A. Ambak and M.N.A. Salam, 1993. Malay, English, and scientific names of the fishes of Malaysia.Occas. 

Publ. Fac. Fish. Mar. Sci. Univ. Pertanian Malays.11:226 p. 
[34]. Department of Fisheries Malaysia, 2009. Valid local name of Malaysian marine fishes.Department of Fisheries Malaysia.Ministry 

of Agriculture and Agro-based Industry.180 p. 

[35]. Ayotte, P., McCoy, K., Heenan, A., Williams, I., &Zamzow, J. (2015). Coral Reef Ecosystem Program Standard Operating 
Procedures: Data Collection for Rapid Ecological Assessment Fish Surveys.Pacific Islands Fisheries Science Center Administrative 

Report H-15-07, 33p. 

[36]. Martin, L. (1997). Scuba diving explained: questions and answers on physiology and medical aspects of scuba diving.  
http://www.craigmossonline.net/Public/Dive/scubaexpl.pdf. Retrieved 12 Feb. 2016. 

[37]. Bühlmann, A. A. (1984). Decompression—Decompression Sickness.Springer Science & Business Media. 

[38]. http://stattrek.com/statistics/random-number-generator.aspx#minmax. Retrieved 1 November 2014. 
[39]. Stiling, Peter ( 1999 ) Ecology : Theories and Application. Prentice Hall, Upper Saddle River, New Jersey. 

[40]. Magurran, A.E. (1988) Ecological diversity and measurement. Princeton University Press, Princeton. 

[41]. Allen, G.R. 1998. Reef and shore fishes of Milne Bay Province, PapuaNew Guinea; pp. 39-49, 67-107, in: T.B. Werner and G.R. 
Allen (eds.). A Rapid Biodiversity Assessment of The Coral Reefs of Milne Bay Province, Papua New Guinea. RAP Working 

Papers,11. Washington DC: Conservation International 

[42]. Sale, P. F. (Ed.). (2013). The ecology of fishes on coral reefs. Elsevier. 

[43]. Kerry, J. T., & Bellwood, D. R. (2012). The effect of coral morphology on shelter selection by coral reef fishes. Coral Reefs, 31(2), 

415-424. 
[44]. Nakamura, M. (1985). Evolution of artificial fishing reef concepts in Japan.Bulletin of Marine Science, 37(1), 271-278. 

[45]. Brock, R. E. (1982). A critique of the visual census method for assessing coral reef fish populations.Bulletin of Marine Science, 

32(1), 269-276. 
[46]. Nadon, M.-O., Griffiths, D. and Doherty, E. (2005) The coral reefs of Andavadaoaka,southwest Madagascar. Blue Ventures, 52 

Avenue Road, London, UK. 

http://www.craigmossonline.net/Public/Dive/scubaexpl.pdf
http://stattrek.com/statistics/random-

