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Abstract

Background and Objectives: Songkhla Lagoon is the only lagoon ecosystem in Thailand. The lagoon supports high
biodiversity and serves as an important natural resource for surrounding coastal communities, particularly in
fisheries, aquaculture, and local cultural livelihoods. However, long-term resource exploitation and environmental
changes have resulted in declines in fish abundance and ecosystem productivity. In response to these problems,
local fishing communities have developed various conservation activities, particularly the construction of Aquatic
Life Shelter (ALS), locally known as “Ban Pla”, to enhance ecosystem productivity. Despite their widespread use,
systematic ecological assessments and empirical evidence regarding their effectiveness remain limited. Therefore,
this study aimed to investigate the structural types and evaluate the ecological outcomes of ALS in communities
surrounding Songkhla Lagoon, with particular emphasis on designs adapted to local ecological conditions and
community-based management processes.

Methodology: The study was conducted in eight fishing communities located across the upper, middle, and lower
zones of Songkhla Lagoon. Aquatic Life Shelter types and baseline environmental characteristics, including water
depth, bottom substrate, wave and current conditions, locally available materials, and biological conditions, were
surveyed in collaboration with local fishers and community leaders. This information was used for site selection and

the development of ALS designs appropriate to the ecological context of each area. Ecological assessment was
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subsequently conducted at five sites by comparing fish diversity and biomass before and six months after ALS
installation. Local fishing gears appropriate to each site were used, with three replicates per site. Fish species and
biomass were recorded, and fish diversity was evaluated using the Shannon-Wiener diversity index (H').
Differences in diversity before and after ALS installation were analyzed using a paired t-test at a significance level
of p < 0.05.

Main Results: Five major types of ALS were identified in Songkhla Lagoon, including cage-type, concrete-based
cluster, linear branch arrangement, aquatic life shelter, and traditional branch pile models. Each design differed
according to local ecological conditions such as water depth, wave exposure, current conditions and available
local materials. Ecological assessment revealed that the average Shannon-Wiener diversity index increased from
0.19 to 1.16 within six months after ALS installation, indicating changes in fish community structure and increased
fish diversity in the study areas. Fish species richness increased at all five assessment sites: from 1 to 14 species
at Ban Chai Khlong, 2 to 17 species at Ban Pak Pra, 1 to 5 species at Ban Lam Kula, 2 to 4 species at Ban Klang,
and 1 to 4 species at Ban Mai. A total of 26 aquatic species, comprising 25 fish species and one shrimp species,
were recorded during the study period. Fish biomass also showed an increasing trend across the study sites. For
example, mean fish biomass at Ban Chai Khlong increased from 21.27 £ 0.67 to 46.33 £ 0.87 kg, while that at Ban
Pak Pra increased from 2.45 + 0.32 to 8.60 + 0.65 kg. The reappearance of indigenous fish species and several
less frequently encountered species, as reported by local fishers, including Batrachocephalus mino, Megalops
cyprinoides, Barbonymus schwanenfeldii, and Osteochilus melanopleurus, was also observed following ALS
installation. The findings demonstrated a relationship between ALS installation and increased fish diversity in the
study areas. The ALS designs reflected adaptation to site-specific ecological conditions. Cage-type ALS were
suited to shallow-to-moderately deep waters with low wave exposure, whereas concrete-based cluster ALS were
used in deeper waters with stronger currents. The Mangrove-Integrated Aquatic Life Shelter integrates ALS
structures with mangrove planting to increase habitat complexity.

Conclusions: The construction of ALS in Songkhla Lagoon was associated with increased fish diversity and the
reappearance of indigenous fish species in the study areas. The findings suggest that ALS may contribute to habitat
restoration in brackish coastal ecosystems. Rather than functioning solely as structures for aggregating fish,
appropriately designed ALS have the potential to serve as habitat restoration tools, particularly when their designs
are adapted to local ecological conditions and implemented through community participation. Selection of an
appropriate ALS design should therefore consider physical environmental conditions, locally available materials,
local ecological knowledge, and patterns of community resource use.

Keywords: Aquatic Life Shelter (ALS); habitat restoration; fish diversity; community-based conservation;

Songkhla Lagoon
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Figure 1 Sampling sites in Songkhla Lagoon showing the locations of the eight fishing communities included
in this study. (1. Ban Chai Khlong, 2. Ban Pak Pra, 3. Ban Klang, 4. Ban Choeng Sae, 5. Ban Lam Kula,
6. Ban Khlong Ree, 7. Ban Mai and 8. Ban Bo Sup)
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Figure 2 Fish sampling for comparison of fish diversity and abundance before and after the installation of Aquatic Life Shelter
in five sites around Songkhla Lagoon. (A) Fish sampling using a purse seine net; (B-C) retrieval of fish captured by

the purse seine; (D) fish trap used for sampling; and (E) gill-net sampling; and (F) fish collection from the fish net.
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Figure 3 Selected Aquatic Life Shelter in Songkhla Lagoon (A) Cage-type Aquatic Life Shelter model (B) Concrete-based Cluster

Aquatic Life Shelter (C) Linear branch Arrangement Aquatic Life Shelter and (D) Mangrove-Integrated Aquatic life

Shelter model
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Table 1 Aquatic Life Shelter (ALS) model in Songkhla Lagoon

Sampling Environment
No. Type of ALS Size Materials Observed characteristics
area condition*
They can be locally constructed
using easily sourced materials and
Ban Chai Bamboo,

Cage-type
Khlong and 2x2 M. 4x4 M.
1 Aquatic Life

Shelter

Ban Lam Or 50*50 M.

Kula

Water depth ~2 m.),
clay or mud, low wave

exposure

Cajuput branch,
coconut branch,

PVvC

juvenile fishes were frequently
observed around the structures. The
large enclosure design limited fishing
boat access within the conservation

area.

Concrete-based
2 Cluster Aquatic Ban Klang 5 trees/cluster

Life Shelter

Water depth= 8-9 m.,
hard substrate, strong

wave exposure

Tree branch,

concrete-based

The structures remained stable under
high-current conditions during the
monitoring period. Fish aggregations
were frequently observed around the
structures located along migration

routes.

Linear Branch

Shallow water

Cajuput branch,

The structures were installed parallel

Arrangement ~50 M. /line x3 or branches to the shoreline in shallow coastal
3 Ban Klang (~1.5m.) clay or mud,
Aquatic Life lines from local tree  areas where reduced wave action
low wave exposure
Shelter available and juvenile fishes were observed.
Shallow water bamboo,
Mangrove- Leaf litter accumulation and juvenile
4x4 M. With four (<2 m.), near Cajuput branch,
Integrated aquatic organisms were observed
4 o Ban Mai mangrove trees mangrove forest, light coconut branch,
Aquatic Life around the mangrove-based
in a site cage to moderate wave mangrove tree
Shelter structures.
exposure branch
The size of the
Local tree
Traditional cluster depends The structures remained intact under
Ban Khlong Shallow water, intense branch, coconut
5 Aquatic Life on the materials strong wave and current conditions
Ree wave branch, palm
Shelter or branches during the study period.
leaves
used.

* Water depth, substrate and water current
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utlanddndinanuiu 26 1iia dsznausas daranuau 25 1iia uwazia 1 98 (Table 2, Figure 4.1-4.2)

Table 2 Diversity of fish during the study period

Family Scientific name
Cichlidae Oreochromis niloticus
Notopteridae Notopterus notopterus
Ariidae Arius maculatus

Osteogeneiosus militaris

Batrachocephalus mino
Bagridae Mystus armiger

Hemibagrus filamentus
Pangasiidae Pangasianodon hypophthalmus
Plotosidae Plotosus canius

Mastacembelidae

Mastacembelus armatus

Hemiramphidae

Hyporhamphus quoyi

Megalopidae Megalops cyprinoides
Lutjanidae Lutjanus argentimaculatus
Toxotidae Toxotes chatareus
Scatophagidae Scatophagus argus

Pristolepidae

Pristolepis fasciata

Engraulidae

Thryssa hamiltonii

Setipinna melanochir

Cyprinidae

Osteochilus vittatus

Hampala macrolepidota

Barbonymus gonionotus

Barbus orphoides

Barbonymus schwanenfeldii

Osteochilus melanopleurus

Datnioididae

Datnioides polota

Clupeidae

Corica soborna

Triacanthidae

Triacanthus nieuhofii

Palaemonidae

Macrobrachium rosenbergii
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Figure 4.1 Diversity of fishes during study period; (A) Oreochromis niloticus (B) Notopterus notopterus (C) Arius maculatus

(D) Osteogeneiosus militaris (E) Batrachocephalus mino (F) Mystus armiger (G) Hemibagrus filamentus

(H) Pangasianodon hypophthalmus (l) Plotosus canius (J) Mastacembelus armatus (K) Hyporhamphus quoyi
(L) Megalops cyprinoides (M) Lutjianus argentimaculatus (N) Toxotes chatareus (O) Scatophagus argus

(P) Pristolepis fasciata (Q) Thryssa hamiltonii (R) Setipinna melanochir (S) Osteochilus vittatus

(T) Hampala macrolepidota (U) Barbonymus gonionotus (V) Barbus orphoides (W) Barbonymus schwanenfeldii

(X) Osteochilus melanopleurus
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Y Z AA AB

Figure 4.2 Diversity of fishes during study period; (Y) Datnioides polota (Z) Corica soborna (AA) Triacanthus nieuhofii

and (AB) Macrobrachium rosenbergii
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Bl H (before) B H (after) Alteration in H' Values
(After — Before)
2.00 -
1.69* Ban Chai Khlong
L 150+ Ban Pak Pra
3 - 1.30%
S 1.26
&
%‘ 1.00 4 0.95* Ban Lam Kula
o
=
o
0.59 Ban Klang
§ 0.58*
c 0.50 4
2
L 0.22 Ban Mai
0.15
0.00 0.00
0.00 0.00 050 1.00 1.50 2.00
Ban Chai Khlong  Ban Pak Pra Ban Lam Kula Ban Klang Ban Mai

Alteration in H' (After — Before)
Sampling Areas (Study Sites)

‘ Note: H' (Shannon Diversity Index) indicates species diversity; higher values reflect greater diversity.
‘ * Significantly different after FAD installation (paired t-test, p < 0.05)

Figure 5 Diversity index (H’) during study period, compared between before and after the installation of

Aquatic Life Shelter
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Table 3 Comparison of fish species composition and biomass before and after the installation of Aquatic Life

Shelter (ALS) in five sites around Songkhla Lagoon

Fish sampling

Fish diversity Average weight of fish

Sampling areas  Type of ALS
techniques before After (kg) before and after
Oreochromis niloticus , Notopterus
notopterus , Arius maculatus, Mystus
armiger, Hemibagrus filamentus,
Cage-type Thryssa hamiltonii, Toxotes chatareus,
o Purse seine Oreochromis niloticus Before: 21.27 + 0.67 Kg.
Ban Chai Khlong Aquatic Life Osteochilus vittatus, Barbonymus
nets (1 species) After: 46.33 + 0.87 Kg.
Shelter gonionotus, Barbus orphoides,
Mastacembelus armatus, Osteochilus
melanopleurus and Macrobrachium
rosenbergii (14 species)
Oreochromis niloticus, Corica soborna,
Arius maculatus, Batrachocephalus
mino, Osteogeneiosus militaris, Thryssa
Oreochromis niloticus —hamiltonii, Setipinna melanochir,
Cage-type
o Purse seine and Osteochilus vittatus, Barbonymus Before: 2.45+0.32 Kg.
Ban Pak Pra Aquatic Life
nets Pristolepis fasciata schwanenfeldii, Barbonymus After: 8.6+0.65 Kg.
Shelter
(2 species) gonionotus, Hyporhamphus quoyi,
Pristolepis fasciata, Pangasianodon
hypophthalmus and Macrobrachium
rosenbergii (17 species)
Oreochromis niloticus, Notopterus Before: 0.30 + 0.21
Oreochromis niloticus —notopterus, Arius maculatus, Datnioides Kg./fish trap
Ban Lam Kula Cage-type Fish trap
(1 species) polota and Macrobrachium rosenbergii  After: 0.72 + 0.36 Kg./fish
(5 species) trap
) Triacanthus nieuhofii, Toxotes
Linear Branch Triacanthus nieuhofii
chatareus, Megalops cyprinoides and
Arrangement and Before: 1.3£0.21 Kg.
Ban Klang o Fishnet Macrobrachium rosenbergii
Aquatic Life Toxotes chatareus After: 5.7+0.68 Kg.
. (4 species)
shelter (2 species)
Mangrove- Lutjanus argentimaculatus,
integrated Purse seine Plotosus canius Scatophagus argus and Plotosus canius Before: 1.3+0.41 Kg.
Ban Mai
Aquatic Life  nets (1 species) Macrobrachium rosenbergii After: 16.240.32 Kg.
Shelter (4 species)

986



Discussion

o

ulanlunzisanuasaanfinanuainuanaiesiugiluuy Jan waziinisneasaine IuadfudneEznIg

U

-‘—‘l” A ¥ L ' v IS ! o PN J A 1 o 9 r%{
ﬂ’]ﬂﬂ’]W"ll’ﬂ\‘l‘W‘LWlLL@%ﬂ’ﬁ‘l‘ﬁﬂﬁ‘:ﬁIﬂﬁuﬂl@ﬂ‘qN‘ﬁu LL[?]@‘?JE‘]JLL‘]_I'UZ\]'J‘LANLﬂ’]ﬂN’]ﬂﬁ"JNﬂusluﬂ’]ﬁ‘LWNLm@\‘ii’]@ﬂu’ﬂqﬁﬁsﬂ'ﬂ\‘i@ﬁnuq

Aﬂa’ & a q\'-\J 1 v :I/ % £ =X o Y o
LL@%V\I‘L&V‘JﬂQﬁNﬂ‘G’WN@NUN?m‘H@QiXUU%LQﬂuqﬂﬁ‘ﬂﬂ ﬂ’]Wi"JN‘lI@Qqﬁ.“]J wuLNudaisinnuuasiauienislsuldnineaans

7

TuesdunazniseenuuunAffiaivaninilnauindes auduiugudidngzeuunan nsiuyunasende  tudan

:I/ IS (2 ! I ¥ o o i o le ¥ QI s a2 a
ManuaNasAlsznauiu Aa TANATINUAN V]’W'W’WﬂimmLL'Z\J;‘i"J@ﬁlﬁ??ﬂﬁ’]ﬁmﬂ’ﬂmuﬂﬂ\iﬂu ANALTENALLATUNLLAA

v
' o o oo

i n1sdgneuinanieasuanlinyuiuilan eaiesuuaziiunetanduaesdndundudan uaznszusunig

U

o a

N slaegNTu AIusn1IARAaN LT aanuuulaseaF1e nsatueeaNil uaznIIguARRARINKA JUuLT WAt Ty

|
o A =

NZLAANLANTATH A HUAMNAALAHANWNUN LAY RTEY NI WilqasaugATYAD NNFDBNLLLILNG LAWY

17

wauduuazunasanunsresan nislddansssnananmlaluiasdu uazn1aantiua i guaudugudnany Aus
NM7RBNKULAUINNIIALA AuuaidaziaulensruaunisiuyduerAuidessuuiiio (ecosystem-based habitat
restoration) ﬁmmumﬂ’mwiﬁmauumﬁwmmmm“r@ﬁ'wnﬂmau

NN9ANTVIAIAFTL Shannon-Wiener UAIN13HARAITNULIA1aNALN TR LN TN A NTUTaUIaID WA At

GaidesanIIuaLAY N1IMN91NT waznissannguaeslan lnaA1seiinauainuane Shannon-Wiener (H') s
ANNARAY 0.19 AaNITAAFITNULAY 1K 1.16 Aneluszazingn 6 1AaK dxyiauian1snNufArelAsaas9lsvan A
UAAZNITIANTLIAIANTUT AT UE A TUNUN AN NITANTVIAIAIANNUAINUATEFINA1IRDAAADITL

WWIAR habitat complexity TeasunadntAssaF 1N ANFIFaUA NN IOINANUNNALITE AALIINARUAINEAT LATIAN

ARG UFUN M2 TuazIe i eedndiin (Pickering & Whitmarsh, 1997)

2
A a o

Tassafiarastinudaniinannladle Al wazdansssuanflufiesiiu doainuioduiunisinizues

v
° '

unadimaw auie wazdnduinau sadussdlsenaudiAyaasasidanmsluszuuiinAinndes deualdiia

o '

NILLIUNIINALNUANTRIAINGN (ecological succession) LAZNNTANTULRIRINTIRTEALA19 T WY Tda1 113

dal 1 ¥ o 1 [~3 QI ; a d!/ dltﬁ = o '
WuniaeasenisdiunaAuresdaniaaeuuaslanaunslan nsivnauaasatiala lunaianunAnsasaiadunus
o a' dp daf ai % ' . . | 1 v v =2 a?ll v
AunnaiNauIasUNanAtas (microhabitat) uazidunvasnaudauniglulasairerinulan nan1sdneiaannsng
fiu Dempster & Taquet (2004) N9NENUITLMANIABLARNAINITOLRNNNTIaNNgNaBg1lan (fish aggregation) Las
gadTunisnumiazesdszanantan lununiden insulsetnefilsz@nsnn

o IS & [ A A vy v o o o [

annsdunienianadssnsiutulunundnsauanssalideysaanndeaiud A1enaInI1sanaig
y 5 . g - dn X da 4 . .
futlan Tdwunisnaunneesdaniuiunazainlanldfdaany lunuiludesrane e unn wuw dannadany
(Batrachocephalus mino) Ua1m1iuaendu (Megalops cyprinoides) hasianwsuiaiusiu (Osteochilus
melanopleurus) uiidndeyasinainazidunisfufresguau uiaa andaeiunanisgnsmaniaguininuaiingan
sanananeudInisiiaasiulan axiauianisiusnaesaumiizansestuanAuuas AN maasss UL ALY

AN TRAUAAINANTNINL LT N R AR LA LAY LUAIBI AN ITIUNIZAN A1 NITRNTIUIa9TRALa a1

asanaludaddaniedinAsaan s uysr LT AN luN e A1 UAIIAN HAANTAINAIIARAARBITLLLIAA NS

987



Wuraasunasande (habitat restoration) TesfatiunisiuyTassafrsuazuirnvesscuuiinaiaaduayuaaiy
WANUAIINWTININUAZNNIINUIaNsE UL AT zIZE9 (FAO, 2023)
=2 o Y @ U 2 o v o o v v o
nanisAnsdenansliiiiud fdsuazguruldsniueanuunuazimunglunniula ldimunzaniu
y & . g o X do o . s YN ud
anwInsexteausazvul uwnunsldstuuumaatiunniui TaaRansaniadafuauanaedn AINLNT9IARY

v

3o & o % = o o a . ) R P
LAZNTZLAL ANHEUSNUNDIUT TAHAIAMUNTANURIVIAANAIN L mN@slm_l’luﬂmLL[E]@::W‘LmﬁJgﬂLLUULL@ﬂﬂNMN

Q

¥ ' ' 1

A

' o a a A A o ' , & AT X da | a PR 1
LANFANNAUATNUIUNNINULIAURINBNANT AIDENGLTU 'wu'wmmu‘mum@u@uimgmmuﬂmhmuﬂmLLuum'anisﬂm

B ¥
aaa °

YA TZUAT U MATNAN 11 USaniunans waLratnnegu Intseanwuutiutatuuunaliuugiu
Yuiteiinannasiuaaesdanaing ma‘ﬂé”ugﬂLLuuﬁﬂuﬂ@ﬁlﬁa@mﬂﬁmﬁuﬁnwmzmqﬁmmmﬁuﬁmﬁ@uﬁwﬁnmi
"ﬁluvﬁumﬁﬁ (habitat restoration) %mﬁumi@@ﬂLLuuimm%ﬂﬁmuﬁzamﬁummwLL'Jmﬁ”@mﬁfmﬁuwumiﬁuﬁwm
szuLilnA (Seaman, 2007) ﬁ’mﬂmLu_mf;’]q?iq”LﬁLﬂuLLm”luﬁuﬁmﬂéf\mmmﬁm@ﬂmw:gu fALARILINLANAIUNT
aAuAALLAZNNITRTUN I INANEURIRAS %qmw')mﬁ'mLmﬁmmwmmﬁuﬁmﬂﬂqLL@:@%’Nmewumﬁmé”u
dnfinduseu Tnsafrednunzdnanniidnruzadiauuadefunaunauossuani WAZTILAAAITNTULINTD
nezuainnmeds z<$<1m@iﬁLﬁMm‘wLLfJmﬁfamﬁmmmurfi@mar%ﬁugmmmﬁm’ﬁwmmLﬁml,mzﬁvm‘ruﬁﬁu iy
@\‘1ﬂ‘ﬂixn@uzﬁﬁﬁaﬂmizwﬁmmwéh

u@ﬂmnﬁ fudafdim (Mangrove-Integrated Aquatic Life Shelter) ﬁqmuﬁ’]uwﬁﬁwm'ﬁfu‘fmﬂr:mmmu
nsafsethudanfunisdgndulnanisnielunentiulan feulugluunaes Nature-based Restoration fidpanx
ranlalumatine Lﬁmmmﬂumiﬂi:qﬂm“l%’ﬂixmumimwﬁﬁumﬁu’f‘vlfaLﬁumﬁwﬁu%ummﬁumﬁﬂLmzm”'m UNAY
@gmm&’m%uz‘qvm’ﬁﬁﬂﬂ'au ifml,l,m:”lmmﬁu‘llﬂ\mﬁqﬁqaLﬁuﬁuw?ﬂf?mqLL@:Lﬂmm@'qmmimfaqa*m‘ruﬁ’]ﬁul,mxﬁmfﬁﬂ
TUIALAN zﬁ'qmmﬁifamimuﬁﬂumﬁlmmﬂmzmﬂﬁ'um@ma anradanwluiuiizneds wuamiadandnndenadas iy
Costanza et al. (2014) ﬁi:qdﬂmiﬁwﬂixuuﬁm AlneldnsruauniImesssuaRanunsndasiiin dnAusnisuay
w@snaFap N aveuressr ULt A lusrezeang

nansAnEdanudn Uiinudaanateslaniindued wedaaulunanaiuiidne Tnaaniziuitu
TNUARDIUATLTUUNANARN Seiwiinsuselamdanisairrhulaifisduinnndt 100% maiiindusinantea

AuAusHUUNUMTest N uan TN i wasaLA s wazannissunauannnanssNl e luLsilnesay teaniy

o \ P & A o &3 LA , 9 = =
‘Ll']uﬂ@qLL'Ll'Llﬁ@ﬂ"ﬂuqmiﬂﬁywqﬂ@@ﬂLL'Ll']_lsL'ViLﬂuWuWQN@?@Q@mQHWLLUUm@Lu@q Tqﬂ@ﬂﬂqimqﬂqmﬂ\iLﬁ‘@ﬂﬁ‘zll\'ﬂu

[ '
A

a U v ] v a a a o ! ' o v 1 ' dl a d’j
winnszudnaentiulan daalilarainisnasoiuinuasldnunisanaaiuumasendeldatnssaiiies wwiAnil
AnAAARINLIN1UTRY Bohnsack & Sutherland (1985) Aisnaanudnlaseafraunasandaiianauialunjaruisaiia
dsz@nnnlunisugdszanaulatuaziiunandannisdaninaesszuuinalanndilassairsaunaaningzansso
widnsnmafafiazuandliiiudednaninaestudan lunisurszuufinauaziiuaauainuana esatinlan

. - - A T . o -
winnstszifiunadadunisfinnnluszazduies 6 neu fvenadsldasaungunindasuilandeggniauaznis

1 1%

= g = o = a H o
wasuulasresdsziantanlussazana wanannil ngAne gl adueniznisilasullasesiialatias Wiviin

a

o 1= a s d‘ a ] aol v & Y a A dl 1 ]
1991an meﬂuumaﬂsuuumﬂﬂﬁ?zﬂa‘j_mwnmizuuumﬂ bW ARINIWLN Andminau viranailasuiilasuasiogld

988



2719117 ATl N1sANENsTEzaNaTiATaLIAgNFauLl s B ARNIRNAIH A Nd Ay slanisUsuifiulssBnsnnaeatinu

darluguziaresienuyszuuiinaiinsesetnedstiy

1 v
Y o

Tnaagy tutlanlunsianuassand s ninaadulassaiesndanvinii usdadunalndrdnylunis

Wy Due At ITNAINIAINUAIEN TN LazidTnaZ AN neunssuLinALInson Inalanizilladinng

12
a =~

aanuUUIHUNIzaNALLTUNN T ATEIN WA Nan19ANEIATINATLAY WLWIAR Ecosystem-based Fisheries

'
o o

Management (EBFM) Al#aanudnAtyiunisiuyszuufinancugiunisdissTamminansasnedsiu uasa i

o

FINNINANHAIUBIAAN TR R W TUnAnNNIMIelilAInanatNnsnun Il duuanianisdnanisminenat sraad

winnzaniuszuuinaanuanfaulussaena |y

Conclusions

< 1 ¥

nan1AnEATIRLanalffindn futlan (Aquatic Life Shelter) JuNUNNZIAA1LA9TAN@INTOANANN

PANUANEURITRAUAT UFHIUEARTUN wazdondatarlaatetaauniandanisnitinulan Inaasaiinay

#AINUATE Shannon-Wiener (H') tixaulunnfunAnmn azdaudanisnusaaeslasaieilszanantlaniazanoiu

q
£ £ [ i

a o a S \ & & a a = X% & A o
L‘I/??J']Z@Nﬁl’ﬂ\?ﬂu@qﬁﬂiuﬁ'zuuumﬁuqﬂﬁ"ﬂﬂ UBNAINU ﬂ']?Wuﬂﬂ’]WuﬂuLL@zsﬂuﬂﬂ@quuimu@ﬂiuﬂﬂqﬂwuw eI LLA AN

Tiwiutednaninaestinudan lunisdeeiuyunasendauazativayunisnduauaaauaInuaanisaannly

o o o

NTAANLAIAT HANIIANHIT LN gUuuuresiulariuansdeaiulANdNRus Audnwen1enIanInuaL

anmuandenesiiig ImﬂﬁmﬂmLwi@zgﬂLmuﬁwmﬂumﬂﬁumwﬁueﬁ@uﬁnmﬁ uaAY af1unaIaLsiY uay
Lﬁuﬁuﬁwmmi’mﬁ*uzifmffﬁﬁﬂ@'@u FafluiadadArysensiusireslssmaulanluszunindinses
faqﬂ’mmﬁm\i@’mmiﬁﬂmmg’qﬁﬁfa nsugaslidiudanistlszensldst it afiaesedes i
DAaitud mmiquﬂ'ﬂ?yxluv;lmwwmnumwwﬁqmwLL@xLﬁuﬂizaw%mwmmLm'a'mﬁﬁﬂﬁm’ﬁﬂm:uumqumm
Sould wananni 1ulaniaan (Mangrove-Integrated Aquatic Life Shelter) F9naakgmNNsa3 i largauiung
gnsAulnanig ET@meﬁﬂﬂmwmmmiﬁum?ﬁqﬁwmLmu nature-based restoration 135 ALK AIINTLTRLTRS
fuenAtuazdudiumeirnuresssuninamedildlussazann lunwu sanisfneniazfeuliiiud dhudan
Wlgiwhideadulassairamaaniniu LL[FiFj/\‘iLﬂuﬂ@iﬂ’gﬂﬁmiuﬂﬂiﬁuﬁﬁuﬂ’]ﬁﬂ ANANINIA NAANENN
N meﬁuwuﬂqiﬁuﬁqmma:uuﬁmﬂﬁﬁné@ﬂiummmummm Tnsanzidefinnaeanuunlfivsnzauiy

ANHUZNN T ATBINLT

Acknowledgments

unaddsiiifludauniliresiasanisdaizeanisdnnisaydnifilarastnvesguauluguimeiasuasaan

1 k%

agnsddousausaamalulatiuazudanssuniedenn a9la5unnsaduayunuiaaaInd1inuANLNITNN1I49LE3H

Fa o o

AMNYIANARNT IRULAZUIFNTIN (ANA9) Tavdszanns 2565

Declaration: #in13l4 Open Al (Chat GPT) lunasadansn (figure 5) Inafadaiiugnasauuaziusasaaugnsies

[ £

roedayanaziianiaiNg

989



References
Bohnsack, J. A., & Sutherland, D. L. (1985). Artificial reef research: A review with recommendations for future

priorities. Bulletin of Marine Science, 37(1), 11-39.

Costanza, R., de Groot, R., Sutton, P., van der Ploeg, S., Anderson, S. J., Kubiszewski, I., & Turner, R. K.

(2014). Changes in the global value of ecosystem services. Global Environmental Change, 26, 152-158.

Cox, M., Arnold, G., & Tomas, V. (2010). A Review of Design Principles for Community-based Natural Resource

Management. Ecology and Society, 5 (4), 15 p.

Dempster, T., & Taquet, M. (2004). Fish aggregating devices (FAD) research: Gaps in current knowledge and

future directions for ecological studies. Reviews in Fish Biology and Fisheries, 14(1), 21 — 42.

Department of Fisheries. (2006). Marine habitats in the Coastal Resources Rehabilitation Project under the Royal
Initiative in Pattani and Narathiwat Provinces. Southern Gulf of Thailand Marine Fisheries Development
Center, Institute of Marine Fisheries Research and Development, Marine Fisheries Research and

Development Division, (in Thai)

FAO. (2023). Fish aggregating devices: Good practices for sustainable fisheries. Food and Agriculture

Organization of the United Nations.

Madnui, P., & Plathong, S. (Eds.). (2009). Fishes in Songkhla Lake basin. Songkhla: Lower Gulf Marine and
Coastal Resources Research Center, Department of Marine and Coastal Resources, Ministry of Natural

Resources and Environment. (in Thai)

Phrommanon, P., Sukcharoen, P., Sahawatcharin, S., and Wongsomnuk, S. 1966. List of aquatic animals and
aquatic plants in Songkhla Lake and nearby areas (Additional). Annual Report 1966-1967 of Songkhla

Fisheries Station, Department of Fisheries. pp. 205-217. (in Thai)

Prince of Songkla University. (2021). Consulting service project for monitoring and evaluating marine animal
habitats (artificial reefs) of Songkhla Provincial Administrative Organization (Final research report). 219

pages. (in Thai)

Pickering, H., & Whitmarsh, D. (1997). Artificial reefs and fisheries exploitation: A review of the “attraction versus
production” debate, the influence of design and its significance for policy. Fisheries Research, 31(1-2),

39-59.

990



Sangkhaphan, C., Boonprakarn, K., Chanthawong, A., Khemmakunasai, P., Jitnirat, N., Thammarat, S.,
Wangbenmad, C., & Suriyo, N. (2019). Marine farm: Fisheries resource conservation and food security
promotion under the coastal community way of life in Sathing Mo Subdistrict, Singhanakhon District,
Songkhla Province. Proceedings of the 10th Hatyai National and International Conference, Hatyai

University, 155-173. (in Thai)

Scheffer, M., Carpenter, S., & de Young, B. (2005) Cascading effects of overfishing marine systems. TRENDS in
Ecology and Evolution, 20 (11), 579-581.

Seaman, W. (2007). Artificial habitats and the restoration of degraded marine ecosystems and fisheries.

Hydrobiologia, 580, 143-155.

Sirimontraporn, P., Nitithamyong, C., & Angsupanich, S. (1994). In S. Angsupanich (Ed.), Research report on the
dynamics of ecosystems in the outer Songkhla Lake, Southern Thailand. Submitted to the National
Research Council of Thailand by the Faculty of Natural Resources, Prince of Songkla University. 250 pp.

(in Thai)

Sukcharoen, P., & Wichiensun, S. 1966. List of Aquatic Animals and Aquatic Plants in Songkhla Lake and
Neighboring Areas for the Year 1965-1966. Annual Report 1965 Songkhla Fisheries Station, Department
of Fisheries. pp. 110-144. (in Thai)

Tanasomwang, V., & Asava-aree, A. (2014). Fishing conditions and catch production in 2011 and 2012 after
fisheries resource rehabilitation in Songkhla Lake . Department of Fisheries. http://www.fisheries.go.th/

.(in Thai)

Thookwinas, S., Pairoj-sirimantanaporn, S., Chaiwatcharakul, S., & Yoopensuk, K. (1986). Survey on the
Efficiency of Fishing Gear and Evaluation of Aquatic Resources Ultilization in the Songkhla Lake Basin.
Technical Paper No. 12/1986. National Institute of Coastal Aquaculture (NICA) Songkhla, Department of

Fisheries. (in Thai)

991


http://www.fisheries.go.th/

