L wInmatguaEni J

M3UTZUIUATD1ELEENISAULAYBIUAINARIND

(Arius maculatus) lagldlassadraudeiunnanenu

< a
IWeYUTEAT  UNWALAY

a L%

"31/1mﬁwuéﬁlfﬂud'suwﬁwaqm'sﬁnmmwé’nqmﬂ%zymﬂfm&nmamumumsﬁm
ANUIIYUNEATANENT AUSNBATANEAT
UNIMYRBUATIVS Y
Un1sfinen 2564

AvansluvesumnIng1asguasysiil



LUBON RATCHATHANI UNIVERSITYJ

ESTIMATING AGE AND GROWTH OF SPOTTED CATFISH
(Arius maculatus) BY USING DIFFERENT HARD PARTS

PENPRAPA PHAEVISET

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF MASTER OF SCIENCE
MAJOR IN AGRICULTURE
FACULTY OF AGRICULTURE
UBON RATCHATHANI UNIVERSITY
ACADEMIC YEAR 2021
COPYRIGHT OF UBON RATCHATHANI UNIVERSITY



ANRNISUUIZATA

enfinusatull duseqanivlddennungandusgnaaasanudismiesd 198

NAEATINTG AT.NIUNB NUAG D113ENUTNWTIMETTNUTUAN A3 T8l NIANUS Uag

75.2995% 19199919 819159 USNWINENTNUSI W NAAIUSNHT WU AT AUTILLNED

Y

lunanedmaigegaaunseiaganlulaned idesanevddunnunsunuasverounsya

9

T Y
1% aa

3 ! [ 1

9191s8nvirudueegly o il
VOUVDUNTEAM AT.NAF QA HINUINAUTVINT neddduuaziauiUszualin
NTUUTEUS LA YeMmans1a1sed as.ausen nafae) ausnaluladnisinuns dning1dy
v o N A Y o <2 o o ¥ ] o a a s
Agsbnssal Anganlvrmusnwwaziuuziinaenduwnlutaunnseslunisvinineinug
=2 ¥ v A o/ (Y 901 A [ fa o o go’ I 4 I
uRwlmaudIdeuasimuUszaiidnivngs audifeuasiannuszuniiangsiugisii
waznadideuazimuyszaahdanniufinesduiddla sumndswausazlianutevie
enanasnul kazveraUNsTAMdItnURTRLINTITENIsInYAs (@n.) WWusegegeile

nyanuauuaayulumMsviTine inusluasil

[
% ISy

va o < a o [y 1 o v =& g
VIWUQWHQUQS ‘ZJE)%E)‘UW?%F’]@UL‘UUWLﬂiﬂﬁ?‘lﬁiUﬁ?’]MWﬂﬁJﬂLﬁJLLaSﬂWaﬂiﬁ]’iﬂﬂﬂiE}Uﬂiﬁ FuUu

'
a

gy A 1 Y = « o & va o [ o v o 14
NINeN VlﬂE]EJWJEJIEJ ﬂUUﬁTéuﬂ’]iﬁﬂHWLW@i@ﬂ?WNﬁWLiQ%@Q@JQ%EJLLazL‘UULLNﬂLﬁ]ﬁ’]ﬂQJﬂUVI’]ﬂLW

a o S Ao & ' vy a
NAeATIlESaalulareA

3 a
WARYUTENT WINILAY

Ua o
NI9Y
Y



UNANED

1509 ;. msUszanareguaznsiulsvesUanaiinds (Arius maculatus)

el Aseas g snuaneaiu

bl D gUsEN Wiy

Fou3aan : ANYEEnIunIUn

41973 L NYATAENS

919158 ¢ MARSI9NSE AT MIUMBs 9NNg

fal e | ) a YA
21MIENUTNWN T . A5 Tl nAUS
A9.9%5% NIV

AaAeY : Uanaiudy, Auasunds, nszgy, n1sUszanaeny, n1siule

anasauds (Arius maculatus, Thunberg, 1762) Lﬂuﬂaﬂﬁﬁﬂamﬁ’]ﬁmwmwgﬁa]
YDINELAAIUAIVAN miﬁﬂmwai’mﬂizmﬂiu,azmiﬂizLﬁuaﬁaﬂ%qé’miﬁ;wﬁ@ﬁmﬂmg
BunsAnwluadonmamzialilidida wasdwlngdunsifvieyadeswiulnglitoya
AnudnueBaafildiannuusiugen

nsfnmiasldfnmenguasmadulnvesUanauddunziaavasean Tneldseds
Uan 213 §10879 A2NE1I69uA 35 B9 238 dadiuns Jenanuduiusseninennue iy
dhwiinsuenindauduiuswuu Positive allometric warnuin1svensvuinvesdiuuds
91NN15A5298 USUSMI1@ UL uBsdULT 9 (Otolith, Dorsal wag Pectoral-fin spines)
Tnengqusetesteuniianysening 0+ fs 6+ U n1sUszanaoigangsiu 3 viu wud
Otolith 1 ud i munzaui gadmiunisussimengvesvainaiauds uazn1s@nw
1NLUUI1899 3 WUU (von Bertalanffy, Gompertz La g Logistic) WU 1LUUI18 84
von Bertalanffy anansaedurenisifvlnvesawiindlunziaauaswanldfifian Inenuan
AuETIeTuS Wiy 290.87 fadluns wazmduuszaninisiesaiiule wiiu 0.166 sed

navanuafildannsinumasad vihlinsuannieninernsuanaiaudslunsiadau
asan wardeyadosduierfusedunmslivsslonifimzay femaannisdnuaied
amsainlyuszenaldlunuudnaesdmiunisuseiiuadentaisiig q uagnisdines
maivlnannsalfidudeyasnadedmiuvanneiudsluadiondu o ¢ nasaautluldlunis
Fan1snsnensuszuadieliinsnensuainanudslunsiaavasvanl3lduss Tondls

aenedagusald



ABSTRACT

TITLE : ESTIMATING AGE AND GROWTH OF SPOTTED CATFISH
(Arius maculatus) BY USING DIFFERENT HARD PARTS
AUTHOR : MISS. PENPRAPA PHAEVISET
DEGREE : MASTER OF SCIENCE
MAJOR : AGRICULTURE
ADVISOR : PROF. TUANTHONG JUTAGATE, Ph.D.
CO ADVISOR : CHAIWUT GRUDPAN, Ph.D.
: WACHIRA KWANGKHANG, Ph.D.
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The spotted catfish (Arius maculatus, Thunberg, 1762) is an economically important
fish in Songkhla Lake. Population dynamics studies and stock assessments of most
species have focused on marine but not freshwater stocks. Most preliminary data were
collected using length-frequency data which resulted in low accuracy.

In this study, the age and growth of Arius maculatus in Songkhla Lake were
examined. 213 fish samples, ranging in length from 35 to 238 millimeters TL, were used.
The length-weight relationship indicated a positive allometric relationship for this population,
and the hard parts involved an enlarged otolith assay, dorsal and pectoral-fin spines.
Marginal increment ratio analysis confirmed that an annulus was deposited once a year
on all three hard parts. All of the samples were aged between 0+ and 6+ years. Age
estimations from 3 readers found that Otolith was the most suitable aspect for
estimating the age. A study from three growth models (von Bertalanffy, Gompertz and
logistics) found that the von Bertalanffy model best described the growth of this fish in
Songkhla Lake. The asymptotic length obtained was 290.87 mm TL and the relative
growth rate parameter was 0.166 year™'.

All the results obtained from this study will be applied as inputs for fish stock
assessment models. The study illustrated the situation of Arius maculatus resources in
Songkhla Lake and basic information about their proper utilization levels. The results

of this study can be applied to models for estimating various fish stocks and parameters



for other A. maculatus stocks in other fisheries. The findings can be used as a reference
for resource management in order to preserve sustainable A. maculatus stocks in

Songkhla Lake.
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NSNEINT  AMUmeLAIedialnanidlunsiaavadvatlul 2521-2522 wulndniunnaule
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Wanuailvuindn denndssduadn loend uazaay (2525: 1-22) Aid1saanunissudadi
Feiedestioniuguuinumeaauneuueniul 2523-2524 nuhdrhinddulddnlngiuun
An Fadunstuiufamsvhaedaiugdahivesedesilens 2 Uszion waganmsinwinis
Usziflunaduda it lunzieavamanvesda s qumuaim uazamy (2539: 1-32) Tud
2537-2538 A nanmnnsinUseasuaznansTudn T weursesiioUstuusazslinannisas
IeN ‘wmffmaiamaqmiﬁué’miﬂéﬁ’amaﬁy’aﬁjuﬁﬂLaﬁﬂ 9.634.2 fusiel Feanas 21.63% Lile

Wisuilsuiuteyailatinsdnuilul 2527-2529

: podb () wadudniblunziaauauan
258 1,307,133 3,000,000
2555 1,594,534
2556 2,479,045
2557 2,357,203 ,é 2,000,000
2558 1,551,402 ’é 1,500,000
7 1,765,539 1,000,000
2560 2,344,708
2561 2,699,165
2562 2,344,703 2552 2554 2556 2558 2560 2562 2560
2563 2,774,722 ;

14 v
C)

2w 1 wadudnIunannvindudandunsaunsiagnuaIvan U 2559 f9 2563

Uanaauds (Spotted catfish) 3nagluaed Aridae afisnnnd1 140 aneiuguazdlng
wuludmzia (Pauly and Froese, 2021: 2204-2210) wsiogils Amuunswtinaninsoedeeglu
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Yla-wUTAnmzIunn (Rainboth, 1996: 1-265) wazlniin1ssieauinmenulaisiaiidninue?

=

?
49gna 80 LRl uiAugdanulaeMilui wuhilaue1igegeedi 30 lwudwns

(Pauly and Froese, 2021: 2204-2210) Uanwiladlfiszfulawunnisesfivsvana 3.4 + 0.46
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Aanthauduemis (Angsupanich et al, 2005: 391-402) wagiioindudaiumiunumdfny
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afungldndnliunvussssseunsiaauawan esndnaduanmsvinisussasganay
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aswalul 2554 fs 2563 wudmadulul 2554 s 2559 IANUAUNILEYTEVINY 107,383 B9
178,120 Alan3usiod wagdousd 2560 WudulunuitSmamadugdudon 1 fs 330,125
Alansusied puniwil 2 gfw‘%mmma%’wmﬂmﬁ’JLL%ﬂumamanmﬁgu%’maqﬂ[,ué'uﬁuﬁ
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Alansuag 40-120 U 5ua§ﬁumuﬂmmaqﬂaw dauvarvumanazulsuidulaininuis

wazreUandunglidmanamaiinig

7 uaau (nn.) wavuUanaudslunsiaanuasuan
2554 178,120 350,000

2555 109,700 -

2556 99,080

2557 158,639 E

2558 138,318 ’% o

2559 107,383 o

2560 249,500 o

2561 248,525 o

2562 250,900 255 2554 2556 2558 2560 2562 2564
2563 330,125 E
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U 2559 fig 2563
DUAU 9 2559 2560 2561 9 2562 9 2563

¥l Ysunu(nn.) %l Ysu (nn.) ¥l Ysua (nn.) il Ysua (nn.) il Usua (nn.)

fanznnem 315545  Uanauds 249,500 ey 264,375 fanzninen 29,940 fanrninn 336,725
flavaiiu 188,573 flangsiou 216425 Uanavhuds 248,525 flaviaitu 265,425  Uanavuds 330,125
flangsiou 184,150  fanzniAvm 156,050 flangsiou 149,700 Yamnavuds 250,900 flavitu 195,726
Uaou 129,975 flaviaiu 136,600 famzninenm 140,350 fanznn 157,875 fanznin 124,325
Jamnnza 109,313 Jamnngla 134,875 Jamnvgta 137,163 flangsion 146,562 Yanaeeu 134,325

o A W N e =

Janaiuda 107,383 Yadou 129,650 Yandou 132,250  Uaneaiigeu 117,100 Yadla 134,012

nsdansussaiiivssansnmdndudesfianudlafeaiuaniuzveanguseansg
(stock) wagnainvosdruIulszyInsvesaeiug Uadmuie laganizn1sussuin
@hW’]i’]ﬁLma%mi@dmﬁﬁadwﬁmméhﬁﬁg@iamiammmmuzmjmﬂizmm (stock) vadn i
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nauUszINg (stock) Ua (Zhang et al,, 2020: 1-17) lun1suszanarmaiiuladnduded
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wulsosdian uavindedofian (Vitale et al, 2019: 1-180) lasAnwianlassadiadiuuds
n18lus19ne iy Otoliths, Vertebrae wag Urohyal bone waglassasnsdiundaniguen
19078 19U 1ndA nTzgNTEUAB 189 uATASU an Feldunsiigauudiinaimsnszyeny
yaguante (Campana et al. 2001: 197-242; Morioka et al. 2019: 667-675; Phomikong et al.
2019: 43-50) TngrsuvumnivladufnananuduuUsvesgumgivositazduduys
ﬁﬁﬂﬁ@ﬁﬁﬂﬁﬁ’mlﬁq'eNs'Nmaé’miﬁgﬂLﬁmqﬂﬁmmmh’mwmmqﬁumé’miﬁﬁﬁu 7 'l Faufin
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599598119 (Hyaline-ring) wawse9388¥iu (Opaque-ring) aaunululuusazd virlranunsatiu
UL (Morales-Nin, 1992: 1-51; Isley and Grabowski, 2007: 187-228) n15Useuad
Arongresdniiilaenisewengandiundessnniedadi-luendeuduiauilugag

v

9 1970 odivdngrumdnermansinnduiinaidesdamsanuldluderidluondou
niwﬁmﬁuﬁuﬁmiﬁﬂuwmaudu (Morales-Nin, 1989: 241-253) #3lUUNNTUD1IEUITO S
dweiniiiutuluiartsergvesdn i lunisinweonguagnaiulald (Lou et al, 2007:
216-227: Britton and Blackburn, 2014: 147-151) dwduduudvessanedniih lnawany
Uanitdeuianlsldunnszgny uenainilenaagldduudedu q wu inde nszgnsed wi

AMuAUBOU waziUATULIY Wisann1sgadevesuaiiegnald (Zhu et al, 2017: 1-28)
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LONASAZINUIVSTNYIVD

2.1 NINeINTUTEUS
N153nN15UsEAN ARgsensentntunsAL iU sAUANLAEIANITUSININSNEN TRl
Infiuszansnnuazlauseloviasan F9 FAO (1997: 1-82) lalAd1inAuveInsdnnis
n¥nensUszusliTndurviunisuuuysannislunissiusiudeya As129 290N
lieUsnw dndule wazdpassuuimauargluuunsldnsneinsusyus iiedrlulddu
LI lunsUHURlAENSAMUALIASNIEe 9 IlERIuANN1STIINISUSENL WielAnAIY
dulalatsmuaiuisaluniswanvesmsneinsuazamnsadmsnensldusslovilangng
oA U oA = ! | PR ) = o a U o &%
Aatlosuazddu Finanedsagulainnsdamsussus AenmsvinismurudSinamadudniin
d‘ ¥ % d‘ ¥ [ % 23 o [ 3 go’ Qd‘ I~ ] 4 a
Wielvlanaduiiaenndesiussruadendniuilusssunafiiviond laiuisaivlnuay
Handa i sulnlumawnudungnivldlseganngay
n133AN1sUsTRsAgignlasiuauduwlsvesanmmiindeuidniuiefeey sauds
n1sidsuslasvasanimuindonlusseze 1 01w ATUINNITNTLYINVBIIYEY laglanis
981983n19n0NaNIEAN 9 Tulnasul (FAO (2002: 1-156) uona1ntilun1sannisuszus
] Y Y dll o v aada a el' Yo ¢
9z 3a519AN Y o ulwT pamud uass e aI DR veIgusuTasla SuUssluv
PNANSNINTUTZLITU 9 Tnensvinn1suseadlilumngaudesyaunsuanvesdn Ui luwmasun
] va
W 9 lange
(% % 1 o ad a a a v
ningnsUszasdadunsnenssssumAnaunsanawnuidunggydels (renewable
resource) WAtAUUNEUNUIMSNEINTUTERINEIa10150 N UTEAUNITAIIUTZU LA BN
(under-exploited) fitfoaxn lnedrulngindavegluszauiignuiunlduseloviagraaud
(fully exploited) n3oagluszAuiiiuaunluud (over-exploited) lagannsuseiiuangn
YBIDIANITBIMITHALNITNEATUIIENU ST VIR LUABUNTNYIAN W.A. 2555 (FAO, 2012:
1-209) wuiseag 30 ¥4 stock dndmlanagluanienisussuaiuoun luraginsevay

57 agluannglndivaniiznsuseuaiuvuin wasiliiieesegas 13 Wity N813W9150



Ienegluanneiauysal Fadudunsereadenvesdniuiegeds demallvuiavesadon
FeanasauLiuIUIALAL 81R WA INTUITUG (stock depletion) nafelidniunmvdesg
Wosnnauliannsaunsiuguaziivlaaiuusunaluadenaud Usunawvinaulanigly

Ll S

srughadudu (USvn auudl, 2520: 1-46) vlAmulainanudsvesinTivenUssusmans o

¥
€& o aaAa o«

Wuluednndndniuindegluwnaniisig q dusuugainiidunuysdaiunsadduunly

Y
1%

Useleand wazanunsoazduuunlduselovilalngliififumun (inexhhaustible) latfuauais
N 1 d‘ dl a LY gj = 1
ansaly ienaniiznisUssusiiiuuualutagduiues lngainnisAnyinuivane 9
& o 6% Ao i N o & .

amaﬂﬁuaqamu’mmmiammwauaamimmwuq YU Peruvian anchoveta, northern cod,
New England groundfish wag Atlantic swordfish \Ou@ Y 4 9.Ana1nn157 Ll n153AnIs
Uszaana (Buckworth, 1998: 3-17)

luedadmanevdanlunisdnnimineginsussuseg innseusnddniun uidagtunui
n133AN1INTNeInsUsEaeiy tnasouaquiarsegia diau uasdawindeuiiieiiasiu
n15Us8a Aeun1sleninensussusiodldogiaquan nanaeaiuisaviinisussusle
= d' o | ! & o &% a v = v
fegnasganauisaviinisussuslalaglinsenureadeavesdnitiuasdwinaeu Fevlv
HAADULVUNIUATYTN AN ouAUEN15TnaTINITIINTNeINToE1muEauR 18NS
NEUNETUTENINNNTIANITIEULENALarN1TIAN1TUSZAe Mellieluladnisdanisnineans

a

Ui%hﬂﬁﬁﬂi%ﬁ%ﬁﬂ’w\l&jﬂ?j@ (Berkes et al., 2001: 1-309)

2.2 nsUszuslunslaanuasvan

3UNS SUIANNTI Az osyey) 999138 (2555: 1-44) laAnw1an1Izn199IN13Us839
uaznansudn iivomeaavasuarlud 2554 uay 2555 (dsnsiuymineInsuszaslu
VEaaUEIan) nuinrnaUssuamsldedediolunssudnfindaun 13 via ldud e
un loifs 1 Tnawna loueu levan asuy Tizss lod s ve wua uaznszuenlifli Tne
wdasdlonfenldtuunn Taun Toueu 1o wazidn Tnelud 2554 was 2555 wuUSuaran1ssu
é’mifijfwagjﬁ 12,564.26 1 kay 14,146.24 §U A1UARU I@&JLﬂ?@qﬁaﬁﬁuﬁ’miﬁﬂﬁmﬂﬁqm
1Hun 918 6,752.60 fu wa 5,936.53 siu muansiu Tnglul 2554 n3esilofifiuseansninlu
nsfudniinunndian ldun ve wazundainansdusoniienisasuss (CPUE) 1o 0.850
waz 0.251 Alansusedalus audisu wazlud 2555 1a3ediefisiuszans nmlunsauun
flgn 1éun wn aouy uazlnews Sedinansdudnfindontisnmsaiuss (CPUE) 1ade 0.233,
0.153 war 0.113 Alanfusedilus auddu nsdrsaviauasUSinadnfiiiviiaudn i

50 viseunstaavaallsIngIntul 2554 dndunninnstevieseninauiAiuilssas



v
IS 1

593 52 ¥1le USu1mus2y 1,373.45 U Tud 2555 dn7UT 6015% 991858U 196U AU
¥1UsEusdl 75 900 USU1nieadu 1,586.70 diu Inedmniuininisaeuienvindudniuntud

¥
& ¢ o A

2554 wag 2555 Wudniinffinnsassgniugadunzaaiulud 2553-2555 §1uau 13 wila
niivasedwuisdu 19 wia Inaludaiunnfinnsdevielul 2554 $1uu 10 ¥l wazlud
2555 313 12 vile udvllafinandaiadureuinsinauainnisuaesgniiuglunsiaau lawn

v Y P

Aafmnsy fanai Naedie agnay ameiieuys danwgana uazuaiadunsinin

q

[y

Faazituldanugeuauysaiveminensdnidlungiaauasan lusngiuddny
Guam'mf’m%%mﬁ'ﬁ’]majmamﬁmmqmegﬁwmﬂimjww%Lamq'u‘f'] F131nn15d1929
UszAnsamied esdiovhnisdssasiazdssdunisldvineinsdnifiianguimeeaiy
1A 2527-2529 wusamsSudainade 12,2926 susiet (&3 NNTIWA Wawanly, 2529: 1-13)
og1alsfinn ninensuszaiigauauysofluguimeiaauasanldgmiuldusslond
ilensuasmaasusisedrannuagsaidemniuszezinauu lasumannnsianisuay
Aunninensfivmizan n131818M1983YUITOUNLLAAUAIIAT RADAIUNTTUFDETEY
MnunELrLLagl s ugRamnTy dududadefifnansenudenisssdinvesdn i
fiadu vilidnenmnisndnvamziaauasatonnosategien uenaninislfiedesile
Uszaadi Aanguanefidudnanmani s vl uiuedeuazdsunamandndn ianas
Sanamsfnwesinlsat A3uumnsal uasany (25604 1-21) Fidmaniwennsdnitlngld
wosiielmemnslungiaauasmanl 2521-2522 wuinde i fiduldsuauagdedinuadn
HauavionanisAnyivasade lse1f wagane (2525: 1-22) fidsrananisduderiinde

wIeddloRIuTUUInAMEEEURBuLENtuY 2523-2524 Usingindniuiduladiulvgfivue

[
& o

A dadunsBusufisnshanedreiusdnhivenaiesilons 2 Ussin Ssaidld vamum
uazAny (2539: 1-32) liuseiliuna nsdudnfthannveiaanuasmand 2537-2538 Taefnw
MnanmMIUTEIe wazran1siudn i veaniosdieusrausaziinainnisaus Ussas
%‘"qNaﬂ'ﬁé’fué’miﬁ'mmaﬂﬁqumﬁwLaéiaaguiﬁ' 9,634.2 fusie¥ Tneanad 21.63% wWisUSouiieu
fudeyanldtinnsinuilull 2527-2529 nMsanasweImineInsUsEasdNanIENUASITTInLAY

AUNMNTInYBIUsTYIRUlUNLA
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2.3 aynsuIsu wazdindnenunssenisvasuananaul
2.3.1 aYnIUITIU
M3dnaIRusennsEIsIuYeIlaINAiILlsENnsadnadiunIL The Integrated
Taxonomic Information System 155&‘5
Kingdom Animalia
Phylum Chordata
Class Teleostei
Order Siluriformes
Family Ariidae
Genus Arius

Species Arius maculatus (Thunberg, 1792)

Ani 3 anwazimluvasdainaiouds
fiun: Rainboth, W.J. (1996: 1-265)

2.3.2 anwarguine Mieganfey wasnIsunsnIEaney
Uanamndedneglunquiamilaniesundsengadiinuasugeu 7 iu uwasdinu
a @ v ! a U a a v ::” IS4 a 1 v a C
ATULdeiaAy 1 A luAgiuasuen AsuAuduLaziinuasugauy 16-30 Au Asuludiy
fywalng) ASUMENAN uaziinuin 3 ¢ egisuRuinuy 1 4 SUHUINA19 1 ¢ uaziiang 1 4
P I v . Yo ¥4 ¥ g ¥
Faduvarmmiunuiui aunsanulanienevguvedan Meluiida YAy uazdiniey

v YV

4 v s a a ] 1 v & a oA A a a v
ﬂqianuﬁ‘ﬂzﬂﬂqiﬂaaUﬁﬂqEJuaﬂﬁ'Nﬂ']EJ ‘LGUUa']ﬂ@I‘VT'JLLGUﬂﬂJsUU'WIIMiy LN@NﬂWiUQaUSLLaUWUN

Y

avauuaziinllutenseiwiy lusewinnisiinld dajavenemsdaunsasailienanauiuly
nilwisegemaaieinwssaumsmINaiy MmosunfineenunlusssuinastsuAueyAsig 9

fdhanlusnlusagivandigmeladh (Froese and Pauly, 2013: Web-site)


https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=202423
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=158852
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=161105
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=163992
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=164157
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=164162
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TRV avey Wagany (2560: 83-97) S1gauditudinnousuAudufe
uns1auveanny dnnulainaiudsdunziaaivasvaininninvasidadu 9 1eawnain
anSnavesmelaiudsuudatlunugania Jsdnnuuarviiatduinludeggauvennd

a s

Tuvaedl 935§ simuns uaziannn segandy (2557: 44-59) 189U WaINAR TS
fanuynyuatanenaeniisd a813lsfin1u91nn1331891u8 Angsupanich et al. (2005:
391-402) wui1 Yannamiudslunziaanvassaideudegnyulugisggiuauislaisgqelu
Fadudrnarfithdamnudvanas Saannsonanlddanaiudaduuanideudisen
odwagluififiauAudoudieh

Angsupanich et al. (2005: 391-402) 51897W31 nATsLAUmBgsUaInaRILd
lungiaavasvamouaislu 3 4g laun gaseu godunndey wavguunnniln wud
Uanaiudsiiduldnnnsiaauasuaineuuu uagnouasiiauen fsdumnanuesmng
WAsUsEIN 18 LWURLURS LLazﬁifmﬁma?{sasﬂmm 95-100 n3u Tuvauedl Angsupanich
and Siripech (2001: 515-525) 1eauiainaudsiisuldlunziaavasvainouuy Tuths
Foununwug TanueumBeaindsussann 16 wuRwns

Tapparuk et al. (2009: 79-87) ld@nw1923newd esduzeslainaieou
(Osteogeneiosus militaris) Tunglaauasvatneuuuluunduiaivgs nuindegiaa
Fulsluunminde Sauenimnsgi (standard length) feaninanfiduldluuinaninges
namPeUanaseunYindulathuunyse duadiin sunedles Swiaivas A
wasguadslutag 11-23 lwuiuns dulanaisouaniitiula suaeuinnzegy Janda
Wnas nuitvanfianuenunsgiued olurag 13-24 lwufluns LazaInnIIIIeILYes

Y v a

9IING ANINT UazlanIn 898018y (2557: 44-59) wuItdmtinsuazIuInANe1Ived

q
[

Uanatds Yanaiuds wasdainaiseu ludinfieungunieuiiafieunannuss ninggusay
mﬁumnLaaﬂﬁﬂﬂﬁmumimgmﬂﬂdm@'@"u ‘
2.3.3 8IMHATNIINUDINIT

Angsupanich et al. (2005: 391-402) la@n¥199AUTZNDUIDI01MITIUATELNE
UannageunazUannamiudslunsiasuamameuuuuaznouats wuiilani 2 e veuiiu
dointhaudueimsuwan lown nluaideu dadu vevae ldfounzia uasuuasay
NEla ANEIRU denAd aaunnsAnwves Angsupanich and Siripech (2001: 515-525) 7 #u31
UanafudshumsiaanuasainouuukarUanataslunziaauasainouans fguiidevouniu
Foivthausnnnmlun@euduemmdnauienty Fa1nnissenunansdiefingraun

Uiy wuhdeiviiudaduemnsvdnvesdniuilunguuaing wu Yanamuds Yanaiegeu
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Uanais uagdannaduvan dadu nsguasnnanmuindeslunsiaaiulvigauauysaldou
daNasianNUYNYNTEIIMIETINYIR livziluunasineu ddndhAu wasdaiuiydndu 9

Fedanariannugauanysalvesdn I nlanud Ay mansUsenmateviln Feanunsadnuili

[ !
v 6 o 4 ) %

Lﬁmmﬁﬂizﬂaum%wm31J'izmﬁ”uﬁ"mLLazﬂ’13LuJ'igﬂammmaqrgﬂum’maaq'iau 9 UL
NZLAAIUAIVAN

FRensevt avor wazamy (2560: 83-97) IdAudisgsuainaiaudfi duld
MnmsUsriut i namsaauamanouans wazd msd e iilueniui vy
Fuany Sneles Jwinawwan TutinfeuungIAl QUALS wasliunay W.e. 2558 Wudn
Uanefudaindenfuemssssumnanidudn iilifnssgndundslundgudn i Ausinan
N9y &4 1uemandn 3999131915 MIRNUAINE 1T ANMUFIA YD NITANTITNVD

Uanamuds %\'1Lﬁuﬂmﬁmmiaa%ﬁﬁﬁaléﬂﬁﬁwgﬂuﬁaﬁﬂasﬂuu%L’;m‘wzLam‘umsum

2.4 msUszanaegLaznsiAvlanvasuan

Taya1y uaznsiiulavesuan niensussinuA1vEInYei ANty veslaiy
folaindutoyaninnudryegndaions@nwidiediuse dfvesuan (Life history of fish)

= = Y A a . . =~ v & ' Ao oA o o
N39N15ANYIMAUTITNEIvBIUR (Biology of fish) Fetayanugrumaridaiininudfzy
pg1989aN1sUTTENAN1IENTNENT e nlunsUszsunuegas NS ulavesdn it
o & v vy I3 ) | v a o a a
TlusedlitoyansAusenauveeny Wethlugleyaveialin dnsinisiiuls oeusnisy
duitug warn1319lY kagdnsIMIaLunIeany (VuIn) Nmuivausensiinsussus
Wudu dedoyamaniavidulsslovdegnsuinsonisnsisaeuaniunisainisdulan
° a v A a D o Y 1 JoA

LagNIIIMUAUIIIMNSTUImNvay Weliaiusainisussuslaegadediu (Isley and
Grabowski, 2007: 187-228) n1sfinwfsanguaznisiiulavesdniunaiunsavinlanaieis i

o ﬂl L = a ! dl
NIINILATDINUIBLAEIUAU (mark and recapture method) NFARAILNITUNINTLANWAIIUA

o o a 6 1 < ] = & ad g v =2

AMUENIRER T MTIATIEREIULDIYRIS19NE (Hard parts) B0 0W3Bns9lviRan AN
Mminweevanilaiiguiu 2 T5usn (Morales Nin, 1989: 241-253; Kishore and Ramsundar,
2007: Web-site)

n1snveyaetgvesvan i lUldlunisussanammmdwesnsdulaaiunsavinla

aa A

215 AD
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2.4.1 msmengiuiasewasuan

nsegiiusiasswesUanduisnsfiawnsovileisualvinadaiau gy
nsnusludruudevesinsmedath (hard parts) nsmengfuiaiwesualuiuneusgu
waztnnuIaInsavildeuaslinaiuiuginitnmsanululanendou 1iesngamyd
Tuseulfianuuwansneiuninifunalivardesusudibidivanmemealuusazyaaggnia
Tngiamnzlutggrunmsiivlnvesaazvgauzinidesnvaunaueing shlsuududs
YBITNNY LU NSTAN 1NN Anduiessesfizonined annual ring) luvawiivatlumdouu
odwegluanmnadondilsiumnsiuannin wagbifivasnaiineunauemns Ssbifesiudh
wazlifinsugasinnisiiulaliiudaeuniioulalueneusu (s8ug nsswifund, 2543:
1-146)

nsfnwinszgnyresUatluandou nuirdnisindurenwniudsnssuiunis
45193974 (daily increment) vesUailuiunFouinainnisazauunaifounisuaiunluglves
WFNLUY aragonite wagansdunidlusou 24 Halus Ineiilonesiundosqganssmiagiiivasiy
LJuauaing (accretion zone %3 incremental zone) wazlauiia (discontinuous zone)

(Secor et al,, 1992: 19-57) @8 U U LA8LAUAI1ANINNNITALAUVDILAALT YUAITUDLUA

'
=

Feaedl auanhuniuauiinfiinainnisavauuesa s uwnEdluseuiu wagainnsAnymuiy
finsadrneiuludraduvesiunsniivaniinesnainley (Jenkins and Davis, 1990: 93-104)
GEJ"NL’Ja’]‘l/ldle[flj%luﬂWiﬁ%ﬂﬂ?ﬂfuﬁﬁmyjiﬂjm’lﬁI‘U 24 §3113 (Campana and Neilson, 1985
1014-1032) anuinismenilulamaesin fanmsanwilufesufoinsuaznisfnw
1NUAIFIINIG LU Thunnus maccoyiiluumﬁagm@utﬁa wazyan Trachurus symmetricus
MNUTA (Araya et al, 2003: 471-475) uazuandu 5 DANAYLA
2.4.2 msmanguadlslinsuenguiiass
Tuneuuagiiniamoigveslaniiolinsuegiiuiaseiu vldlasninidoya
nsnszaneauianuenlilunsssanaienguasmaiinesnisidule (Sparre and
Venema, 1998: 1-422) Ine Bhattacharya (1967: 115-135) l¢waun3snisviaedsainy
g1veslawsiarnguegaInteyasiAuseneuauevela tngldteauyAinn1snszaiy
AnuinNeMYeslaIngui fengiieaiudunisnsza1euuuun (normal distribution)
ArAnueNLed sfenaaunsaduild lnenisudasteyanisnszatsanuiaiue
vosdniuaznauotgfiegluzunisnszneundliegluguauduiusidunss axlddoya
AmuTiadsvesaluutazngueny antuharweriadeiildlustesnguengdluldlunis

Uszanaanisidwesnisiaulasaly
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(%

nsiaule (growth) lunsiis v ez mEnis onsfidue Wedn 3
fongiiadu Wngtminiiuduresdndiiaglusudunadinwseivtdnvesadennilegiay

VA ONALNULINUNAR 2AT 118lUa1NNI15ANY (ANUAIUSISUBIR wazAelagn1sUTEUY)

ieaziudsddguazindulunsviiafeanseussrnsvesdudidineegls tneliianig

= 1y a A

P
dorlnsuvdogaiusireniiiuln dsmsidulaidunssuiumsmeaiszvesdediTindiiades
AULUNUDATY (metabolism) 38991918 7UTENDUAIBNTEUIUNSIUA UM TS ONE 19
Tiduiilof ol erasuadrandedouumui 018 odauf dnuselunsediSoninnsyuiunis
anabolism wasnszuiunMsmaasunlamasnuildsulasfiazauls Whdundsnuiiaditin
aninlUlHUselomilanieifoninnssuiung catabolism feiu maidulpdadunasiiaain
N5YUIUNNTHIaRI UL (5831 nyswdumi, 2543: 1-146) é?fwa’mazé’mﬂaiﬁﬂiz@ﬂﬁwé’a

ToelUaziiiminidudndiuduiusiuniiuenl suauni1sves Ricker (1975: 1-382)

W = aL
P
LU®
W = UIMUN6D
L = AYINY]
1 t:ll t:ll % LY U [ | U :.’I
a, b = A1AMN ‘1/]161?\]’1ﬂﬂ’J’]ﬂJﬁiJWiJﬁi%‘Wﬂx‘iG]’JLL‘Ui‘I/NﬂEN

LaEnINgURUULATAINE T UNIzYesd il iin1siUd suulanaondin
anuduusvesiminfuaueesdudadiumungidas (cube law) nanafewindn b
Wity 3 aziseninnsiulanuuleleiunsn (isometric growth) nanafesenigazinisiivln
nndrundudndrudulagnss uddaen b luwindu 3 asidunisidvlasuueealawnin
(allometric growth) namAeseneaziinsdulaludidudnduiulnenss

nsAnuMsRulaanduldnsiule (growth curve) Faduldansduladudu
THefuannisfiuturesnnuerviedminauengyienafidiuty nanfedudulimes
HlariFunisiiule (growth function) fiuanseugnuazimiinlusuvesiteduogrianan (H
St @uldsmadulnd 2 sUuuy fe TuguveseuenuaslugUvesimiin (s issmudun,
2543: 1-146) 1) Wuldsmadulslugvesenuem uduldsnadulpiddaddnuuiinuen
4980 (maximum 138 ultimate length; L) flgansenitannugmesdulainvieninugietiug

(asymptotic length) LudulAanisnsnisiulnanaaios o Weoneiinduaudandiindmud
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2) ulfamaidulalusuvesimin (i uduldsifdnvasadiosudiea (S) Fafenindulds
WUUBNNBEA (asymptotic sigmoid curve) ﬁmé’uiﬁmzﬁﬁ;mLﬂﬁauﬁm‘%aﬁ;mﬂ?{aummLﬁm
(point of inflection) wiadulAseaniiiu 2 dw drmusndsegimuievesaasuh sasins
wulnazidunuuisainueny widiuiaesiiogiuvngaasuingnnadulnazananiony

[

WNAY A9l dnsnisiaulaasiiaanniian s eaiUdsuinuaslutiawsnuesdlidinavidns

.}

nsulaiuduaneny wilugmasdnsinisivlnaganauazaziinndilndnudiilonn

ey

% Y1 U & goJ v A ¥ 1% go’ o
Winlnadnetud wazimtndiadilnduvdngsan (W,,)
wuudnaesendinaansilifnwnmsiiulavesdniiiivangunuu (King, 1995:
1-341) undenldiuunnlunis@ineruseas Aouuudiasenisiauln von Bertalanffy (1938:
181-213) ilesanilunuudaesiaenndasiuguiuunsdulavesdn i manevdalaeamzua
Uszneunuillassasieegrsiienisadnmeans lnsdwisdwesnassintluaunisies 3 ¢
laun ArpuetuA (Asymptotic length, L..) Aduuszavanisidule (Growth coefficient; K)
o 3 ’oj -'-ﬂl = J % L3 d: a 12 ¥ Y Y @ r.:sljd
waregvesdniunlalanuenuvinduaud (t) Feaunsaesutvdnvasidulasls deilfe
ANEMTRsUaziiLTulsa W IUlU WaEANUENMARLTUAIUTRTITaNANS0Y ) AUNTENY
dnithfimnueniiniuaugnIeiud (Asymptotic length, L) kagdnsnisiiuladilndmug
nanfensinvunafllAtesaniledniuilonguindy lnaidulasiinanisianune

wuulAsginuees (Sigmoid Curve) MUNInd 4

AL® (englh)

».___.._L_...... G o e o s
o0 -

Graph: ===
A. /5 § ELquation: B,
D-L{1-e )

Al 4 Lé'uiﬁ'qmitauimiugihlaamﬂum’uﬁﬂ’;‘zmm‘lé’mnl,mm‘”]am von Bertalanffy
fian: Sparre and Venema (1992: 1-376)
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AINLUIAANANT 1107158 ULaL T UNAd WS UDINTEUIUNT Anabolism ta

be

Catabolism lnafivenuunn1siaulaniuuwuudnasd von Bertalanffy (1938: 181-213) f4il
1)8%51 Anabolism Lﬂué’mﬁauimamiaﬁ’uﬁuﬁﬂumi@m%’ummi 2)8m31 Catabolism tTu
FadulponsatiuiiaaIsus ot mind199989i 33 3)n1saulsdunuy Isometric Fadu

wuudnaedluguresauend lawn

Lt _ Lw(l_e*k(t - to))

o
L, = arwemvesdnithidens t
L. = Anugngeaaidn iduamsodulald
t = ogvesdii
ty = egvosdriiudefimuenuitugud
kK = duszAvsnmaiiule

wagluguuuuvestnin loun

Kt - £

W, = ninvesdniuiileany t
W, = uwmidngegeidniiiuausadulale

dnsudniunvdnisaigivlauuusealaiunsn (Allometric growth) 1
Beverton and Holt (1957: 1-533) na1271 @1u1saninisiiulalaainuuudiasd von
Bertalanffy (1938: 181-213) iflesandilifiuvudnassnsiivialafianunsaesuismsiaule

vesdmiuniimsAulawuusealawnsn (Allometric growth) lag



Uuna 3

A5Aun15IY

n13An¥INITUsTIMAIRIguazN 1SR UlnveIUaINARIwd s (Arius maculatus) Tneld

TAs9aS U uANANAY TTURaUNITAILTUNITaNNsaesUNlaRLEIRAU A9l

3.1 #ufin1sfinwn

N5 UTIUTINTeyakazAled nlanaiuddlunziaaiuasvardiuig 4 981539
wUaduusumzeavaraIneuul 91U 2 9981599 laun Yaudinuse srvaanda
N9 UazUIUTDINUY AIUATBIAUY BUNBUTEAU UAaZUTIIUNLAAIUAIYAN
MBUNATY 91U 2 901599 Laun Trumalae druauileve 8neuneia wasdiuniasd
fuanagil Sunetinnzgy auamil 5 Jaduuinaninginsszusianafudadu

INUIUUNA

Uszanrilye nzREvaIval

a i Y ' o &
MW 5 unuinanaiudtegrelanaiuldulungiagusam
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3.2 MBNUAIBEIN H3EURIDENN LAZMIBUDNY
3.2.1 msiiusiegslainariauda
Auseg19UainaRaud191n19UsE R hn1sUTERaRa8as aallea g
TWasounqunnuuIndIuIl 231 feehs ieliiluseddlumsussanaeiguagninivle
wazLiusegrslainaiiudenn 3 weu 91w 4 ada Tuieunnsne wwneu NINNIAN Uae
Ha1AL N.A.2563 ASIaE 15 F19819 9w 60 Fae8na Tiasounqu 3 wuia ldud suinidn
(ANE17 0-100 Tadmms) vuIrna (ANe7 101-150 dadiuns) wazruialve (Aue
150 fadwuns 2uly) it eldiudegelunisnsrafudunisvenssuinve sdruuds
w¥ousuunviiad osfuudrivsnuniedslundediunasugifudaeiiuds annduiien
MugeUnsLunYdngnaiudrtuaiednaniamnuemien (Total length, TL)
AMUEMSEIUNTNaNURI9(Forked length, FL) WaEAINNYINNTFIU (Standard length, SL)
Frelifussinlagldmhoduliadiuns wasdwhudnlagldmhodundudioedesfmeden

2 s
3.2.2 msudagnszany (Otolith)

WAusegenseany (Otolith) Taavinnisuanzluanainaiundanzlrantd gaun

Y Y

=2

v 1 & . Lal ! . =t . 1Al
MU 9 NUuIENUNSERnY (Otolith) Ai3enin Sagitta Fadunszany (Otolith) A

AN
fuwalnyigaluussanszany (Otolith) i1 3 g wastdugildsunisdedesnniigalunsld
Anwiengueataiviamine q andningrmandnisussus danszgnyduidazeganelu
%84 cranial cavity USLIUAUMaIT8saNaIUan TntuhiegsniauarenEsTnay
wdutlulelasaumesoonluduszana 30 uiil Wefndadeiiineguinunszgnesntyivun

a v =3

wiUaegliuisiigamgiesuaziiusnulug@unseufavuneiauiiogns

Y

323 manuAleEuAULTIRSUTAY (Dorsal fin-spine) wazasuan (Pectoral fin-spine)
\AufegeiuAsULTIA3UnEaT (Dorsal fin-spine) wagasusn (Pectoral fin-spine)

Inasindrundabilnalaussuniniigasienssinsnan 91ntuifeg1euvANEzeIne e
Wndu ududlulalasiaumeseanladuszuin 30 wiil Wedaileidenineg usiannsean
sonlivun waiUaesliuisiigamgivesaziiusnuilug@undeufianuneiariiogng

3.2.4 M5LA3ENA208198UNTS (Hard Pasts)
W3 sN0819d1uLde (Hard Pasts) laun Otolith Dorsal fin-spine uag Pectoral

fin-spine) Tne 1A 198198 7uud e (Hard Pasts) a1n& 99 18903Ua1d 19879 a1l saslu

Thermoplastic resin 1iasnien1siamsgisnenaridunisvasumesnnusouiweeseinsy i
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Lilvigaumgiveasduganuluausgunentaiavoseinie Wesne1vdwmasionisenueigla
waanntulaselisiuudeiigamaiiies wasiiusnwilug@unseufnmuneaiiegns

3.2.5 N13AnAIeE19dUuLS (Hard Pasts) waziuael

Yiegaiegdnds (Hard Pasts) filleaslu Thermoplastic resin U&7 118AR
Duuwinag (Transverse section) faeA3e9fnA115981 (Low speed weal saw) wa2tn
fhegafidmnugiadualaduda anbuiandadenssnunseiidauendongs (o
wes 1,500 s 2,500) teridmsenyndaiiinanduseunissin uandioliduudeunsasuay
Tusslanndu suseafusddnauiianudTmganista el msviudanaununansnsegn
lonuindnwmemnunansnszgn (Primordium) Guusngesvgadnieuiidmmes Pimordium
wgniamely Lﬁaammﬁumiﬁu@méﬁy’qﬁmamﬁu (Daily ring) mﬂﬁuvﬁmmazmmmz@ﬂ
fitaudadethndu Waliuienssauiiseuuuasduilan iWouiudiTafusoddls
Uasnsieannisuaninlugamgilvies ntuhiegausiarundonmneldndosansam]
Medaveny 40 Wi wahmsiuistameaneniulusinsy Image-) 1ngsu (Reader) 311U
3 vy ﬁlﬂmw%’a;ﬂaﬁugmﬁmﬁ’mmmaqmﬁaasjw

3.3 M5ATzdaya
3.3.1 Anuduwudszndnsninuenaiuivgn (Length Weight Relationship; LWR)
NIAMUFUNUT T8 NT19A0812 (Total length; TL) fUimn (Weight; W)
faenN15IlATIEinIsanaee (linear and curvilinear regression) AuENNTST (2) Fafnulas

91A von Bertalanffy (1938: 181-213) Fall

W = qr.° (1)
39
In(MW) = n(g) + b In(TL) 2)
e
NTW) = dwihwesan (n5u)
In(TL) = enugvesdal (Hadung)
In(g) = dAKNY Y 31NN1TATIEN linear regression

b = AMNTUIINATIATIZY linear regression
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mﬂﬁ?umaaugﬂqumilﬁuimawaﬂ%miﬂizmmﬁh b MNNTINANUFUUS
sgminaaue i uLmdn (Length Weight Relationship: LWR) Ineldnsnageunieadi
WUU t-test Tiseiutiodday 0.05
3.3.2 N1IASAVBUTUNTVIBVUIAVDIE LTS (Marginal Increment Regression; MIR)
ns1adudunisvensautnvesdunds lagnisuian Marginal Increment
Regression (MIR) (Beamish and Mc.Farlane, 1983: 735-743) ¥09@uld9mng & auaunis
73

(R-R,)
MR = —— (3)
(Rn'Rn-l)
N
\ile
v a ! ¢ = ! <
R = 37 (3295911997090 AUINA NNV UVDIAIULTUY)
R, = 9588¥9199naAudnastiaveuniauysalanan
Ryp = tegeviedingaaudnansiaveufiauysalinan R

WAINAABUAULUANANYBIAT Marginal Increment Regression (MIR) Sg1341ADU
Ndui0en9se T3N3 Kruskal-Wallis test wag Dunn’s test
3.3.3 mswSeuiiisuauiies (precision) Yadnseuany
Wisuiileumnsiites (precision) vesn1seuengangeis 3 v Tagldriads
Wodludaunannindau (Mean Percentage Error, MPE) muiaunnsit (4) wasAndudszava

ANULUIUTIU (Coefficient of variation, CV) (Campana, 2001: 197-242) AANNTTT (5)

i 1(XU>_<’ %)

MPE, = 100 x — @)
R

(5)
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o
MPE, = Aadolesifusamurainniou
v, = AdulsyavanuulsUTIU
;= 91gvea
= UIUFDYN
X = 91gAsvesUa

i = ognhuwseuiieuiu (1 8 n)

3.3.4 nsUsEIIgLasMsIHAUle
nsAnwINsUsEInuAglarnsiaule lngluSeuigunsiaulasiguuuinges
3 WUU LA kA WUUI1804 von Bertalanffy (von Bertalanffy, 1938: 181-213) Gompertz
(Gompertz, 1825: 513-583) wae Logistic (Ricker, 1975: 1-382) AUANINTT (6) (7) hay
(8) muaIy HlensukuuSIaesfivnzauiisldluniseuienisiulsvesUainaiundely
NLAAUAITAN

[}

L, = L.(1-e*") the von Bertalanffy model (6)

L, = L.e Gompertz model ()

-k(t - to) )_1

L, = L.(1+e Logistic model (8)

L, = auegnvesdan

L, = eusngeaniivataunsaiulnle
kK = Aduszansnmaidule

t = ®wveslan

t, = olgvewandedmiuynwiniugud

duuszdndnisidule (Growth coefficient; K) wazm11u81781Us (Asymptotic
length, L..) Uszanasandeyasigiininuenila 9 vesUal lngld non-linear estimation
NASINALLNE BB INA9@BY (Residual sum of squares; RSS) tHum19 l4Tunns

TANUARIAARUTENIURYATULUUTIABIUARZILUY
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futiuszansnwnsiiule (phi-prime value, @) (Pauly and Munro, 1984: 1-21)

YBUUUTIa89NSAUlALARZLUUUIT LML ENNITN (9)

@ = logk) +2log (L) 9)

FuUszAns n15menussIUYIR (Natural mortality, M) Usztidun1u3sn1sue9
Pauly (1980: 175-192) muaun157i (10)

log,,M = -0.0066 - 0.279log, ; L., + 0.6543log, k + 0.4635log, T (10)

Tnedl T Ao gmgfivestnadefA10gfl 30 osaneadoa (nterational Lake
Environment Committee Foundation, 2021: Web-site)
3.3.5 Apszvidayanieain
Awnsvideyaniainlagldadia R (R Core Team, 2020: Web-site) nels

Package FSA (Ogle et al.,, 2021: Web-site) hag “fishmethods” (Nelson, 2021: Web-site)



unia 4

NAN159I8

n13An¥INIsUsTIMAIRIgwazN 1SR UlnveIUaINARILT 3 (Arius maculatus) Tneld
Tassadraudafiunnsnaiu Tnonisanwafeilduanarudesiuiy 213 dedns flauen
Total Length (TL) 9852131 35 f1a 238 TaA1uns Lad o1windu 128 + 43 fiadiung uas
Y (Weight; W) 8¢5811314 0.4 i 154.1 A5 AUINTU 26.4 + 23.7 n3u Tlduans

NNSNTLYANUDVBIANULTIVOIUAIRIDY N ATUAINA 6

25

20

0 —lllIIIIIIIIIlIII = = =2

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
TL (mm)

—
w

Frequency
=

wn

ANd 6 N1snsEAneANdANNENIvesUanaiaLdslunziagudan

4.1 anuduudswineanuenafiuimidn (Length Weight Relationship; LWR)
MnMTTieTzdauduius sEnieanue 1 fuingn wagn13nIIREeUglLuY
ATLAULR WUIIANFURUTTENI19AIILET Total Length (TL) AU Fork Length (FL) wag
Total Length (TL) fiu Standard Length (SL) fianuduiusiugs (R? > 0.95) daunnuduius
F$UINANNEN Total Length (TL) i (Weight; W) (Length Weight Relationship; LWR)
wansliiuianedadsinmsivinduwuy Positive allometric n3enaaldivanidnvae

[

ADUT199IU LD99INNUTIAT b AN 3.0 agelituddny (P < 0.01) munIWA 7
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TL = 0663 +1.132FL: (A) - TL =2.931 + 1.148FL: B) - o | W =5x104TLM32 Q) -
R’ =0.991 . R?=0.988 ©4 R2=0.988 )
o =
g1 &1
r )
Taad “adr
w o
R ¥
o =
< g 2 =
=% s T ¥ =
= e = 356" =
g g =4 S @
= 5% = o =
-y Ao
g 3 gl 2
oa = %
A i
iagu - ,:gg".
& &
s K
4 Iy
¥ ]
. -
' ' v . ' '
S0 100 150 200 50 100 150 50 100 150 200
FL (mm) SL (mm) TL (mum)

(n) ANNEUNUSIEIIN9ANET Total Length (TL) AU Fork Length (FL)
(1) ANNENNUGTENINIAINYTT Total Length (TL) AU Standard Length (SL)

() ANUEUNUSIEII9ANET Total length (TL) AU Uwln (Weight; W)

AN 7 AudunusszuieaugInuinvinvaslainaiiwlslungiagiuasuan

4.2 N1ATITUTUNTVL1BVUINVDIEIULT (Marginal Increment Regressions; MIR)
dusunisnsiadudunisvengauinvesdiunde Inevinnisiiuiiegnsdlundsrealan
Y < A o & =
NARILTINN 3 LAY T1UIU 4 ATI FLABUUNTIAL LUKIEU NINYIAYN LAZAAIAN N.A. 2563
ASdaY 15 A19819 393 60 AI9819 TIA18871979N8128 A11UY11 Total Length (TL) 5814
35-238 fiadluns IANUBLRALWINGTY 128 +43 Tadluns TanUINNISVEEIUIRTDIEIULTS
(Marginal Increment Regressions; MIR) f W21 4T WD H19TALAUR JUA LA DUNNTIAL
Fanudndanlnaifes 0.5 uazdin1siuvwIAeEIURTINADALIAIIUAAADUNAIALNUT
a1 Y a Q’J’ 1 I3 1 1 a o o w
falnatAne 1.0 19 3 @il lngnuauLana19e8 19l Ted1 Ay UoIn19818UUIAD
] I3 . . = & a o 1 a
d@Ule (Marginal Increment Regressions; MIR) ¥89LABUNNTIALLAELADUNEUAIDYINOU ©
(P < 0.05) IAgNUNNTVLNBIUINVBIEIULTS (Marginal Increment Regressions; MIR) mnﬁqm

1 ! < A PN
93 E‘I’JULL‘UQIULWGUQQ’W]N FHIUNINN 8
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1.0

0.9

os | Y ==

0.7 -

—eo— Otolith (P-value < 0.01)

0.6
—o— Dorsal (P-value = 0.03)

MIR

--o--Pectoral (P-value =0.01)

Jan April July October

ANd 8 nsvensvInvesdIuulsvasUanaiudslunsiagnuasuan

4.3 nsssuiiisuanaiies (Precision) ¥8en1581Ua7
a a a L. | Y < ' <

31INA5UTEULTIBUANULTIES (Precision) ¥89n1581U018UANANILTIRIN 3 dULT9
laun Otolith Dorsal fin-spine kag Pectoral fin-spine 31n% 8% (Reader) 31u3u 3 vi1u
LW MRN8 (Precision) 91n11581U87e Ta8N13AAU19dIUMdae 3 @91 910ty
= a v | I3 ] | a a = ::4'
Jeg1uongNusznalaandiundaudazdin munmi 9 lngainnisTeuiisuanuies
(Precision) Wu31 Otolith dA1LUasLdusn1588u35U (Percentage of agreement) g7 4
58.2% dsnalyiAniad sllesiduiainunanniad o1 (Mean Percentage Error; MPE) way
ArduUseaniauuUsusiu (Coefficient of variation ; CV) de161ga 9.5% way 12.6%
AIUBIAU 5098931 LALA Pectoral fin-spine WUALUBS LI UAN1580U5U (Percentage of
agreement) A 1428 8LUB5LF WA AI1UAAIALAG B (Mean Percentage Error; MPE) Lay
ANFuUsEANSAMULUSUSIU (Coefficient of variation ; CV) §iA1 55.9% 12.6% way 14.4%

o w ] . . oA f @ 3 [
AIUAIAU @21 Dorsal fin-spine WuIlANLUDILIIUAN1T88U5U (Percentage of agreement)
Afign 50.3% LunaliAadsilesidudnnuaainiadau (Mean Percentage Error; MPE)
warAFUUsEANT AULUSUTIU (Coefficient of variation ; CV) iANgaNan 15.5 % Uag
16.0% 1Na1RU AUAN519T 2 uaegslsinuAad silasidudainunainind ey (Mean
Percentage Error; MPE) hagA1duUszd@ns aA1nuuususiu (Coefficient of variation ; CV)
293914 3 druuds faveglunadiiaiunsaseusuld wanddiiiudi Otolith fAuLTies

(Precision) ¥84N13581UD1gUaNANILTINNGB 1 (Reader) UNNNTNEILLTIDY 9
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1 mm 0.1 mm

(n) Otolith (1) Dorsal fin-spine (m) Pectoral fin-spine

Wewa: adnuansnueiuszinaldainusazainuds

a o ' < v &
AN 9 AMNAAVINIVDY 3 dFULVIVDIUAINANLUY

A1319% 2 AMUTIBIVBIN15E1UB1EUAINATILTIIINEEU (Reader) 31u3u 3 ¥inu

Hard part Percentage of agreement MPE cv

Otolith 58.2 % 9.5 % 12.6 %
Dorsal - fin spine 50.3 % 15.5 % 16.0 %
Pectoral - fin spine 55.9 % 12.6 % 14.4 %

o o Y I ! ¥ o ' =2
wazlilainenguaInaiiulanInn1seIuveieu (Reader) s 3 viiluseuusn u@nw
WA e ey (Reader) NdUsTAUNTAIdI9IUIU 2 YU BnASanuIaINAR LT
lungiaanvawariiongauatesndt 1 U laudis 6 U muansnei 3 wasnuitend (Biases)

YBINI5BIUDIYTENTN Otolith AU Spines azdarautiiovarianeuinnin 3 U lagareny

a1

f91ulsiann Otolith HAgandn Spines Lintios Tuvziend (Biases) voen1ssuangadlug

o o ~

Ao1ulaa1n Spines aguanasnusg1slidfidodAgy Welhuuiisuiuend (Biases) 5ening

Otolith ffu Spines AAING 10
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i ] 14 1 < CY <
M990 3 91 qwﬂszmaﬂ,ﬂmnmmwwaaﬂmnﬂm!,wﬂumamuawm

Length Age (year)
(TL) 0+ 1+ 2+ 3+ 4+ 5+ 6+ Total

(mm)

31-50 11,1111 33
51- 70 10,10,11 1,1,0 33
71-90 19,20,21 18,17,16 111
91 -110 0,0,1 11,1514 52,2 1,0,0 51
111 - 130 12,13,16 22,2020 34,1 111
131 - 150 1,1,2 13,20,17 13,7,9 1,0,0 84
151 - 170 0,0,1 2,8,6 23,22,22 9,5,6 105
171 -190 0,2,4 9,16,11 16,10,13 3,1,1 1,0,0 87
191 - 210 0,2,1 2,2,3 1,1,1 2,0,0 15
211 - 230 1,1,1 1,1,1 6
231 - 250 0,1,1 1,0,0 3

naewe: Aavluwiasisadfeoigiiuszunalaain Otolith Dorsal wag Pectoral fin-spine

ANUAU



Dorsal spine age [year]

28

&

Pectoral spine age [year]

&

Dorsal spine age [year]

Otolith age [year]

(n)

Otolith age [year]

()

Pectoral spine age [year]

(m)

4

(n) aAf (Biases) ¥8481Y3ENI14 Otolith U Dorsal fin-spine
(¥) 8mf (Biases) ¥848183E1INe Otolith iU Pectoral fin-spine
() @AR (Biases) ¥898185¢MI4 Pectoral fin-spine iU Dorsal fin-spine

NUNBR: LAUALASUTRIANLLANGgDE 19Tl Tdn Aty

Ml 10 9ARYDIDIYIZAINEILNVIVBIUAINARIMIINTEAUANUYBLY 95%

4.4 nsUsEAIMRIELaTNISIAULA

mMsUsznaeguazmsiulavetannaiiudeann 3 @i leiua Otolith Dorsal fin-spine
LAz Pectoral fin-spine A18N15UsENIUAIDIYLAENSHAULAAINKUUTIEDY von Bertalanffy
(von Bertalanffy, 1938: 181-213) Gompertz (Gompertz, 1825) wag Logistic (Ricker, 1975:
1-382) wu11ANE18UdUA (Asymptotic length, L..) ¥83Ua1naiindsann Otolith anu
WUUD18949 von Bertalanffy (von Bertalanffy, 1938: 181-213) ia11ug1atius (Asymptotic
length, L..) maﬁqm 290.87 aawuns Wunaliaduussaviansiiiule (Growth coefficient: K)
warAniusEdnsamnisiiule (phi-prime value, @) (Pauly and Munro, 1984) A6
ﬁqm 0.166 uag 2.148 MUSU druAduUsEaVSMIMenusTTITE (Natural mortality, M) &l
A0g5¥nI9 0.573-1.631 siel FsluusiazgUnuunsidula nuiiranunandevesindsaes
(Residual sum of squares; RSS) wasdayanueniiengla 9 91n Otolith TinasInsiign
PuA13197 4 iIns1gaziudld Otolith TumsUssanmoguazmailavesanaiuddly

VYLAAUAAIANNANNTST (11) (12) waz (13)
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L, = 290.87 (1-e 0.166 (t - 1.51)) (11)
the von Bertalanffy model
L = 22982ec (12)
Gompertz model
L, = 209.85 (14+e 08041210y (13)
Logistic model
a15197 4 Windwesmadulavestainaiiudsunsieaiudsan
Model L.(mm) k (year™) t,(year) RSS D M(year?)
Otolith
the von Bertalanffy 290.87 0.166 -1.51  58.029 2148 0.573
Gompertz 229.82 0.383 0.589  57.467 2.306 1.058
Logistic 209.85 0.604 1.274 57472 2.425 1.463
Dorsal-fin spine
the von Bertalanffy 292.20 0.184 -1.34 65824 2196 0.612
Gompertz 226.19 0.443 0.507  65.267 2.355 1.170
Logistic 205.21 0.706 1.072  65.211 2.473 1.631
Pectoral-fin spine
the von Bertalanffy 286.08 0.189 -1.389  59.626  2.189 0.627
Gompertz 226.11 0.435 0.451  59.753 2.347 1.156
Logistic 206.28 0.685 1.039  60.288 2.464 1.595
Lo = mmmaqﬂqﬂﬁﬂmmmmLaiﬂ,mléf N39AMUBIIDUUA (Asymptotic length)
k = mmmaqﬂqﬂﬁﬂmmmmLaiﬂ,mléf N39AMUBIDUUA (Asymptotic length)
ty = mqmmﬂmﬁaﬁmmamﬂwﬁu@ué (Age when length is theoretically zero)
RSS = HNaTIuAIManueenIasded (Residual sum of squares)
@ = avlluszdnsaimnisiAuls (phi-prime value)

M = @uUsgEndn1Imemusssuenf (natural mortality)
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LLazLﬁ'au"'wﬁ’agammm“uimmmwm"waaq von Bertalanffy (von Bertalanffy, 1938:
181-213) Gompertz (Gompertz, 1825) uwa Logistic (Ricker, 1975: 1-382) U1 @5 197519 Wile
Wisuifgumaiulaludazuuudiass wuheuemiualagdszanaslovaniiony 1-5 ¥
71 3 uuudaes fgtuvundulnedetu wideuafongdusd 5 ViUl sUsuumaiiula
IINUUVIIA 84 von Bertalanffy (von Bertalanffy, 1938: 181-213) agd auialuey nia

WUUI1809DU 9] DI NTALAU AIUNINT 11

EllY]
250

204

—a— von BertaluniTy
=== Commpenz
- 4 - Lopistics

150

Total length [mm]

L]

L] 1 2 A ] ] 7 5 9 1

el

Age |year|

awdl 11 nswimaiuiavastainaiudsdunsiamuaaimunuusiassnisiule
nmsanAdaiuandlidiu naTunurEereaside@es (Residual sum of squares; RSS)
289 Otolith ﬂﬂ'ma']ﬁ'q@ WaZLUUINa0s von Bertalanffy (von Bertalanffy, 1938: 181-213) &
AUBIBNUS (Asymptotic length, L..) mn‘ﬁ'qm wazAduUszans n1siivla (Growth
coefficient; K) ffign ot n1sUszuaIgwaznisiivlavesUainaiinddunsaay
#9781 A1y Otolith MULUUTIa09 von Bertalanffy (von Bertalanffy, 1938: 181-213) il

ANgNABLaiiugNgaliaiisuiudnuduaruuIaedu 9



unin 5
anuseNa

= o o

nsUssInaAegkarn1siulnvesdn invlag o awnsalvideyaidanidfgydmsu
NSANYINEPUNEINUTEUINT MIUTLRUANIENINGINT WazNTUIMNTIANINeINTUTEIN
(Campana, 2001: 197-242) GalagUnAvarlunseusrienuszidueigangiudeyaniy
2 @& aa A 1 v v Y v Yo 1 o (Y 1 g v
g13vesUan Faduisnsndeudidudeunasaasddfitegnauardnuiunin lnedeeauanly
luns@inwvzfesnsoungunnuuiakarfeuiuiegnuamneudussesategtesy
12 tAau (Hoenig, 1982: 1-5) wisililosannluedndanudeinvanluvadouluaiuise
asvaeunTndrundweslalld lnelaniznszany (Srinoparatwatana, 2009: Web-Site)
1 o val v ad ! [ Y v &
witaguladnsimuisnislunmmetgandiuudavesuan lnenisdinvinanseanlmduau
U8 9 wardnnszgniilaauaunsonsaiiundld annisimuiisnisdinanisanuseneny
% | 2 VY ax 9 i & ax aa v 1o
vosaituniou 3ndudels FeIsnsdanaruduisnisniianugniesuasuiugng
=2 o & =2 a o <
n1sfinwaseilidunis@nwieiguaznisiivlavesiainaiaudlunziaaivavan
Ineiiufagnslaranuinaninisinisussusdannaiudegs leun nziaavamwainouuy

a Ql'

= & a a3 a S o < 5 o o Y !
waraaunae FuduusnuiinIanazusaiuIdAUANA1 AUa1AU wanslilinInlan

=] [

yinilaunsnedoegliviluidauazihiifianuiuh dsliaenedosiunsinyives Kutsyn
etal (2021: 56-63) fisvyirarwindsinnanid san1segordeluuvasindaiiuiiom
anuwdsiUnuaitles Tnsvanildlunsaneadsiiianuen (Total length; TL) g9gn 23.8
wuiang FelndiAsstueugnigeanvesUanaiaudsiinuluuinumudondnusilas
AU 25 WWURLNAT (Kutsyn et al,, 2021: 56-63) wag Tran et al. (2013: 174) 518914
uguihlusmeuaaavdatansadulnuiimiuenliaaai 40 wuhiuns wilaeiily
Tuundsihiauazuvaninsossinnuuaisinidanuerifios 25 wufiuns wihbdu daiaan
nauUszeINs (Stock) finulumziaagnann iy muenvesaviaifinuueneieaiaide
flauem 29 WwuRuns (Arshad et al, 2008: 328-329) wasdinulutinuiilgviudaauen

35 WURALRS (Chu et al,, 2012: 705-708) vJuu
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5.1 anudunudszninsanuenafuivin (Length Weight Relationship: LWR)

ANUAUNUSIZIN9AUETD Total Length (TL) AU Fork Length (FL) uaz Total Length
(TL) A'u Standard Length (SL) wesUarnaiaud slungiagivasaan wanslwiiuin
fanuduiusiugs Inedlmanudu (b) vesanuduiusiviiiu 1.13 uag 1.15 audniu lned
anuduiuslngidestuanaiudslumelsldniufidaainudy (b) vesrmuduiudivindu
1.06 Uay 1.18 muannu (Chu et al, 2012: 705-708) wagwundsllanuduiuslinalfseiu
Yannaiudslunmvaymsunadeiiidieudu (b) vesnuduiugszninemnue Total
Length (TL) iU Standard Length (SL) 11U 1.17 (Arshad et al., 2008: 328-359) 21nA1
arwd (b) wandliifudsguuuumaiulaiifanuadendaturisUaneiudeiendoeglu
¥3n dhinses uavimeia

A nSUANFUNUSTENINAINEN Total Length (TL) futhuin (Weight; W) (Length
Weight Relationship; LWR) vesUanamudslungiaauasuar wuandaaaudu (b) annnan
3 agnafltfudf Vsiinuannataud dunsiaavasvaniinis Aulawuy positive allometry
nafefimaiulslnefincuniwesdisivaniidadumnnninuenvesdidalal wieens
nandndenivnlafidnvarasud1edaiu wanddiiiuiinsaavaan dan e fimunsay
senisegorfBuaznsiiule (Froese, 2006: 241-253) luvaigiivaneasiudsiiendoegly
NeafiA1ALTL (b) #1n11 3 Tnefia5e1Ine 2.6-2.9 (Arshad et al, 2008: 328-329: Chu
etal,, 2012: 705-708) ﬁu'qf:mﬁ]Lﬁ@qmﬁnﬂﬂ'gmﬁuuﬂﬂmgﬁmmﬂﬁammﬂjﬁuwww%’wmﬂi
(Dieb-Magalhaes et al,, 2015: 1182-1184)

5.2 N15AIVUTUNITVY1EVUINVBLE UL S (Marginal increment regressions: MIR)
2 o ' < . . .

ANTATIVY UL UNITVYIYVUIAVDIAIULY Y (Marginal increment regressions, MIR)
I A A [ 1 A I 1 [ =
Junsesnaeuiiietuduinflonamiiuly dmudsvziinsvengvnaniuetgveslan logly

= & Ao v aa 4 % i ~ = N X | d' ° Y]
nsAnwastldvainiengssusitaendt 1 U aude 6 U Fadugiergiwanzandimsy

& [ 1 < . . . P qddy

N13ATIYUGUNITVLIIVUINVBIAIULTS (Marginal increment regressions, MIR) 18991054
wsngaudmsuldlunisesinaeunsvensvuiavaslainiongasus 10 Uadun (Campana.,
2001: 197-242) Ingwuinuaniinsveneuunesdiunds (Marginal increment regressions, MIR)
teeiigaludouunsiay JadurrsUaelurilinlunsasvawaiisamalideudiwlung
Tilalirpefuemsiadinisidving vilinsveneaunvesdiunds (Marginal increment

regressions, MIR) tegmulume dwlutiaioudu 1 eaumgiivesi1uszann 30 ssraaidesd
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¥
I

WJunalinisvengvuinvesdiuuds (Marginal increment regressions, MIR) 11 §1 /1847y

(Internation Lake Environment Committee Foundation, 2021: Web Site)

5.3 mawFeuiisuanuiles (precision) ¥asnnsanuany

MsfnwInsTeuiisuaadies (precision) ¥9411581U8189NEBIU 3 YU WU
4101150914918 91nd 1ULT 9999 Otolith Dorsal fin-spine waz Pectoral fin-spine 141
AOARRBIAUNIIANEITDY Kwangkhwang (2016: 29-38) ﬁﬁﬂmmqLLazmiLaUImammLﬁa
neansidniuuitlos ImEJf\]’1ﬂmsﬁmwm%&ﬁmmsaémmqmﬂdmﬁﬂléfmLa?{awai‘%uﬁ
AUARIALAABY (Mean Percentage Error; MPE) 283 Otolith fifu1nn31 Dorsal fin-spine
uway Pectoral fin-spine §edonndatusemuvesinidevinudy q inuanadoeodidud
A1UAATALAE BU (Mean Percentage Error; MPE) 984 otolith e unnndnd undad u 1
\ufu (Khan et al, 2011: 183-193; Zhu et al, 2017: 1-28) lnn1s@nuiadaiinuAiade
Wosiudaunainad oy (Mean Percentage Error; MPE) agluY3 50-60% & 96119910
N15AN®1U09 Khan et al. (2011: 183-193) wag Gebremedhin et al. (2021: 574) 7wy
Aadeilasifudninunainaden (Mean Percentage Error; MPE) 1nnan 60% useeslsh
pusiIInsAnwAS i asnuAnedeendusaunainad oy (Mean Percentage Error;
MPE) fidiogluga9ii A1 uiainnisnsIaasuAed slUosiduianunanAd ou (Mean
Percentage Error; MPE) wayAduUTEans AuuUsUsIu (Coefficient of variation S CV)
imdwﬁﬁg@ 3 ¥11U NUITIAIRININTREIRAULT I ualiT 20% (Winter and CLiff, 1996:
135-144; Cruz-Martinez et al., 2004: 367-374)

INN5ANBIA LANAINE 81U (Reader) AT UsTAUN5Ig 990U 2 YU WU

(

Yarnaiudslunziaavasvarfiongauatosnit 1Y loauds 6 U uaznuonfd (Biases)
sgdaauanmseuengluariifiengunnnia 3 U Tnewuend (Biases) sewing Otolith fu
Spine u1NN118AH (Biases) 5¥1119 Dorsal fin-spine AU Pectoral fin-spine Wail 919
dewnannuandifiorganniu Saedeaves spine luvamaiesiaenaaasluyiiliflasiadng
aeluwes spine fdnwzadneg (vascularization) F9919r13avdeUndnsumuaausnvinlyt
mqﬁlﬁmﬂmiﬂixmwﬁﬂdﬂmmLﬂuaﬁq (Drew et al., 2006: 847-852; Khan et al., 2011:
183-193) Aewwa i g1usts 3 vinu Fadenld Otolith dwiudszifiuatguaznisiile
AAAaRINUNISAN®IYBY Khan et al. (2011: 183-193), Zhu et al. (2017: 1-28), Almamari
et al. (2021: 159-166) wag Gebremedhin et al. (2021: 1-574) ﬁLﬂ?&JULﬁaumqmﬂdw

Wl9m19 9 veedn i
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5.4 n13UsENNIMeIELaTNISIAULA
mfiwesnsiivlnandeyaegildainnissrudiuuds IduA Otolith Dorsal fin-spine
Wwag Pectoral fin-spine WUIIHATINAILNRADVBIN1G9@84 (Residual sum of squares: RSS)
394 Otolith §iA161n31 Spine 3 atdunisdudurnumunzanvenisldd udund of
Iuﬂ’liﬂizu’lma’lq%wa’m@ﬁ’aLL‘?N WAYWUIWUUINADY von Bertalanffy (von Bertalanffy,
1938: 181-213) T A1A21081191Us (Asymptotic length, L..) mﬂﬁ'qm wazduuszans
M3iiule (Growth coefficient; K) Howiign ileifisufunuuiiansdu 9 aenandesiunisine
9849 Cruz-Martinez et al. (2004: 367-374); Zhu et al. (2009: 457-467); Duarte-Neto et al.
(2012: 149-158); Zhang et al. (2020: 1-17) wagAdsiUsz@NTAMNITLAULA (phi-prime
value, @) (Pauly and Munro, 1984: 1-21) #ivsziduain Otoliths w%ﬁﬁagamm?{mmma
yoauvuTanamaiiulavisanuiuuiiy wuindiAeglugiafeiuiunguuseng (Stock) ved
Uanneudafiau « (2.08 < @ < 3.14) (Kutsyn et al,, 2021: 56-63)
wuusianansiiulai ety liaasidendrenisianieadamans ity
(Katsanevakis, 2006: 229-235; Katsanevakis and Maravelias, 2008: 178-187) wiga53ua4
gmmaww%ﬁwmLLazmafﬁ’mmi (Zhu et al.,, 2009: 457-467; Haddon, 2011: 1-465)
TnoaluTuaumunenisadinmanswuusiass von Bertalanffy (von Bertalanffy, 1938:
181-213) o ndusduuviiindedefiandmiun1susziiunguuszv1ng (Stock) Uan
(Cruz-Martinez et al., 2004: 367-374; Zhu et al., 2009: 457-467; Duarte-Neto et al., 2012
149-158; Zhang et al,, 2020: 1-17) e?fqmm{uuaﬂumiu‘%mﬁmmsw%’wmniﬂismﬁu
A1 Us (Asymptotic length, L..) AmninazA1dulszans n1siivle (Growth
coefficient; K) ﬁ'qﬂsﬁ?wawmﬂmﬁ’aLLsﬁﬂumLamuawm 1AUUVUIIADY Gompertz
(Gompertz, 1825: 513-583) uay Logistic (Ricker, 1975: 1-382) avdnaliaduuszans
MINERINETIURGAUN GﬁqaquwaﬂizwuﬁgmmGiamﬁmmw%’wmmﬂizm (Khan et al.,,
2011: 183-193) 1y 1avilin1snwnnlunisusmssanisninensildendu Wosan

1n"15N8RINETTUVIFG

5.5 &3y

n1sUszanaeguaznIsiulnvesUarnaiuddunziaavaman Ingldlassasnuds
fuansnefu nudenuduiusssminseng fuarmenwasmaiulaiu flassadrsoiguay
susuumaAulafiumnsniu Taswuinergfiguain Otolith 3nE81u (Reader) ¥ 3 vinu

insuszanaeggndoiazuiiugign wazkuuinaas von Bertalanffy (von Bertalanffy,
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1938: 181-213) manzauiigalunisuszananaivia lesnuasiuaundovesindsaes
(Residual sum of squares; RSS) ﬁﬂ"lmb']ﬁlqw LLaBWﬁ’]ﬁLmagﬂﬁLﬂ%\iyLﬁUI@ﬁliﬁT'ﬁJ‘lJmﬂ
AsAnwASed Wy Aaueneud (Asymptotic length, L..) wazA1duuszananisiivle
(Growth coefficient; K) anusaldidudadedndlunuudiasenisussifiunguussvins

(Stock) tlensavdeuszau nsdularimnzanigadnsulainaiudslunziaavasva

5.6 Yaiduauus
asiinsfnwenguaznisiiulaveslanainddunziaauamaiangiudeyanue
A a A o v Y = =~ o a a . v = = B
Wiy liteideyanlauuTsuiisuivengasaneulannns@nuluaseil wedudui
av v a % a 1% . Y < gj
9187liINN1INTEIEANNRVRIANE AU NBUAAIN Otolith vasUanaiuT iy
Julvluiianaderduniely ilesanmnidulvluiieniwferdulusuianias awnse
urfeyanigiiwiaswndudeyaiidiluwuudiass iiensussdiuan1izninensuszudlu

A

1 96’ ﬂl L2 Y L% Yo
unasnau q nddnvaglnalfesiulagely
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## Arius maculatus ##

## MIR ##

Mi=read.table("IMIR.txt", header=T, row.names=1)
attach(MI)

names(MI)

library(dunn.test)
mod1=kruskal.test(Otolith~Sampling)
mod1

dunn.test(Otolith, Sampling)
mod2=kruskal.test(Dorsal~Sampling)
mod?2

dunn.test(Dorsal, Sampling)
mod3=kruskal.test(Pectoral~Sampling)
mod3dunn.test(Pectoral, Sampling)

rm(MI)

## Precision in Ageing among hard parts ##
dat=read.table("2PreciseMod.txt", header=T, row.names=1)
attach(dat)

names(dat)

library(FSA)

apo <- agePrecision(~01+02+03,data=dat)
apd <- agePrecision(~D1+D2+D3,data=dat)
app <- agePrecision(~P1+P2+P3,data=dat)
summary(apo,what="precision")
summary(apd,what="precision")
summary(app,what="precision")

rm(dat)
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## AgeBiase estimation ##

datl=read.table("3BiasPop.txt", header=T, row.names=1)

attach(dat1)

abl <- ageBias(Dorsal~Otolith,data=dat1,ref.lab="Otolith",nref.lab="Dorsal")
summary(abl,what="Bowker") ## showing the Chi-square tests of symmetry by
"Bowker" method

summary(abl,what="EvansHoenig") ## showing the Chi-square tests of symmetry by
"EvansHoenig" method

plot(ab1)

ab2 <- ageBias(Pectoral~Otolith,data=dat1,ref.lab="Otolith",nref.lab="Pectoral")
summary(ab2,what="Bowker") ## showing the Chi-square tests of symmetry by
"Bowker" method

summary(ab2,what="EvansHoenig") ## showing the Chi-square tests of symmetry by
"EvansHoenig" method

plot(ab2)

ab3 <- ageBias(Dorsal~Pectoral,data=dat1,ref.lab="Pectoral",nref.lab="Dorsal")
summary(ab3,what="Bowker") ## showing the Chi-square tests of symmetry by
"Bowker" method

summary(ab3,what="EvansHoenig") ## showing the Chi-square tests of symmetry by
"EvansHoenig" method

plot(ab3)

par(mfrow=c(1,3))
plotAB(ab1)
plotAB(ab2)
plotAB(ab3)

rm(dat1)



a9

## Estimation of growth models ##

## Three parts

library(fishmethods)

datd=read.table("dModels.txt", header=T, row.names=1)

names(dat4)

##Otolith

growth(intype=1,unit=1,size=dat4$Length,age=datd$09,
calctype=1,wgtby=1,error=1,Sinf=200,K=0.2,t0=-1)

##Dorsal

growth(intype=1,unit=1,size=datd$Length,age=datd$D1,
calctype=1,wgtby=1,error=1,Sinf=200,K=0.2,t0=-1)

##Pectoral

growth(intype=1,unit=1,size=dat4SLength,age=dat4$P1,
calctype=1,wgtby=1,error=1,Sinf=200,K=0.2,t0=-1)

## Likelihood ratio tests for comparing multiple growth curves ##

##Otolith VS Dorsal

dat5=read.table("510D.txt",header=T, row.names=1)

names(dat5)
growthlrt(len=dat5SLength,age=dat55Age,sroup=dat5SHard,model=1,error=2,select=1,
plottype=2)
growthlrt(len=dat5SLength,age=dat55Age,sroup=dat5SHard,model=2,error=2,select=1,
plottype=2)
growthlrt(len=dat5SLength,age=dat55Age,group=dat5SHard,model=3,error=2,select=1,
plottype=2)

##Otolith VS Pectoral

dat6=read.table("520P.txt"header=T, row.names=1)

names(dat6)
growthlrt(len=dat6SLength,age=dat6SAge,sroup=dat6SHard,model=1,error=2,select=1,
plottype=2)
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growthlrt(len=dat6$Length,age=dat6SAge,group=dat6SHard,model=2,error=2,select=1,
plottype=2)
growthlrt(len=dat6SLength,age=dat6SAge,sroup=dat6SHard,model=3,error=2,select=1,
plottype=2)

##Dorsal VS Pectoral

dat7=read.table("53DP.txt",header=T, row.names=1)

names(dat7)
growthlrt(len=dat7$Length,age=dat7$Age,group=dat7$Hard,model=1,error=2,select=1,
plottype=2)
growthlrt(len=dat7$Length,age=dat7$Age,group=dat7$Hard,model=2,error=2,select=1,
plottype=2)

growthlrt(len=dat7S$Length,age=dat7$Age, group=dat7$Hard,model=3,error=2,select=1,
plottype=2)
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the spotted catfish, Arius maculatus (Actinopterygii:
Siluriformes: Ariidae), in Songkhla Lake, Thailand's largest
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Abstract

Tte spotied catfish, drius macadars (Thimberg, 1792), & a exryhaline fish that & economically inportant o the Indo-West Pacific.
BPopulation dymamics shedies and stock assessments of this speciss have focnsed oo marire stocks, baf pot those from fresh water. In
this shudy, the aze and mrowth of 4 macwlane: were, therefore, imvestizated for the inland steck i Sonskhla Lake. Thailand A tetal
of 213 individoals moFire between 35 and 238 mun TL were used. The lengit-weipis relason indicated positve allomery of ths
popalaton. Thres hard parts (otalith, dorsal- and pectoral-fin spimes) were used for azme. The marpmal mimement ratio confimmed
that an anmitos was deposited once a vear in all thres hard parts. All of the samples were aged between (4 and &+ years. Venficamon
of age estnanes fom thres readers showed that the oiolith was the most aEtble part for 22z estimation. Three erowth models (von
Bamalanffy, Gompert, and logistic) were applied in the sfudy. The von Bertalanffy podel hest desoribed the growedt of tis fish m
Songichla Take The obiained asynomndr lensth was 190 87 mon T and the elative prowth mte parameter was 0166 year'. Chr
Tesulrs will be applied as mputs for fish stock assesament models. The obiained prowih parameters also can serve as a reference for
A maruimos stocks elsewhers.

Keywords

Introeduction ments, from freshwater to marine, including the spot-

ted catfish, drius macuians (Thunberg, 1792), which is
The family Aridae accommodates more than 140 spe- widely dismibuted actess the Indo-West Pacific Eegion
cies of catfishes, found mainly 0 marine and brackish  (Rambaoth 1994). This species has been reported fo grow
waters (Froese and Paaly 2021). However, some species  as largs as B0 cm TL, baf the typical maximum size is
are euryhaline and can live in a wide range of eoviron- 30 cm TL (Froese and Pauly 2021). The mophic level
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of 4 maecuiars is estimated to be 3.4 = (.46, indicating
camiverous behavior. This fish feeds mainly on benthic
mwertebrates {Anzsupanich et al. 20035), and plays an im-
partant rale m the ecosystem: an imbalance in Hs abun-
dance can tmgger a trophic cascade (Frosse and Paaly
2031). This fish is targeted for harvest in many conntriss,
where the fisheries operations ars mostly in sither marine
ar brackish water epvironments (Arshad et al 2008; Chu
et al. 2012; Topawan et al 2020; Eutsyo et al. 2021).
There is alse a unigoe inland fshery for this species in
Songkhla Lake, the largest nanural lake m Thailand. The
catch of 4. maculems was over 180 metnic tons in 2011,
following the restoration of the lake's fishery resounces
by declanng fish sancuary zones and a stocking program
for some ndizenous species (Tanasomwang aod Assa-
va-aree 2013). The recent catch of this species in 2020
inreased wemendously to 330 memc tons (Partalung
Inland Fisheries Fesearch and Development Center, un-
publizhed data), which was almost 1.3-fold hizher than
the previons record. This shamp rse m harvest implies
that appropriate fisherss management of this resource
is urgently required to preveot a coellapss of this spotted
catfish stock.

Effective fisheries managemsnt requires an undes-
standing of the stock statos and population dynamics of
the targsted fish species, where the growth parmmetsrs
{i=.. asympiotic length apd curvatare parametfer) are
among the coacial mputs (Isley and Grabowski 2007
Eatsanevakis and Maravelias 2008). Acourate estimates
of growth parameters are important for monitering the
steck s@nes as well as for assessme management actions
that hawve been applied to maintain the mtegnty of the fish
stock (Zhang et al 2020). To estimare growth, precise and
acrurate age data are reguired Ape can be estimated by
several methods but counting natural prowth mogs of hard
body parts is the most commen and is gensrally reliable
(Vitale =t al. 20019). Many calcifisd strochares, bath inner
parts {g.g.. oteliths, wertebrae, and urohyal bone) as well
&5 Qufer parts (e.g., scales, opercular bomes, spines, and
fin rays) have besn shown to reliably reflect the age of
fishes (Campana 2001; Moroka et al 201%; Phomikong
et al. 20197, As many hard parts are awailable for age de-
fermination, a comparisen of muliple stroctures to de-
ferming the mest switable ones for a particolar species
ar population is always recommended (Zbu et al 2017).
Ehan et al {2011) mentioned that selectng the most sit-
able hard pant for aging is ene of the problems in age
and growth shadies of fishes. They suzgested comparing
different bony structares of the targetad fch to obfam the
mast suitable one that has high precizion and low aging
errog before forther prowth analvsis. Moreowver, if there is
no significant difference in ags reading between the inner
and outsr parts, the use of outer parts is recommended.
since the fish does not need to be sacrificed; this is pardc-
wlarky desirable for long-lived specizs (Zha et al. 2007).

Along with salecting suitable bard paris for agimg, the
mast suitable model must be chosen for the lensth-at-age
kev, which can be determined by the shape of the prowth

ourve and emrer component of the data (Zhu ot al. 2017).
Bumergus growth corves, as well as their representative
maodels, have besn infroduced and applied to explain fish
growih. Growth models ralats the age of fish i a pepala-
tion to their length or weight; the von Bertalanffy growth
madel 15 the most commenly adopted and widsly used
(Jones 20040; Eatsanevakis and Maravelias 2008; Zku ot
al. 2017} The von Bertalan®y model is commonly used
becanse of the shape of the desired growth curve and
from biological assumptions, one of which is that fish
growih slows with age (Katsapsvakis 2008). Other com-
mooly used models mclode the Gompertz and logistic
growih models (Eatsanevakis 2004; Zhang et al. 2020).
Baoth madels are well soited to fishes, which exhibit low
initial prowih rates, bt the regions above and below the
mflection are asymmemical in the Gompertz mede], md
symmedrical in the logistic models (Cruist et al 201I).
The base assumption of all thres of these models is that
fish show asymptotic prowth (Katzanevakis and Marave-
Yias 2008).

The aim of this stady was to provids lensth-at-ape data
and a growth model fior the 4. macwians stock m Songkh-
la Laks Thailand We assess the suitability of hard parts
for aging and evaluate three srowth medels to describe
the relation betwesn age and length, which can be used as
a reference for other 4 maculoms stocks. The resolts are
alzo expected to be further used for stock assessment and
fisheries management of the steck in Songkhla Lake for
Its sustainable exploitation

Materials and methods

Study area and fish sampling. Songkhla Lake (Fig 1)
iz a3 shallow coasfal lapeon o sowthern Thatland
(07°2408"W,. 100°15'427E). with the mean depth of
Im. The water body covers 1018 km?* and iz clazssified
into three distinct zones: apper (439 km®), middle (377
km™), and lower (182 km"). This lake bosts a high diver-
sify of fishes (ca. 430 species). due in part to ifs @oge
of physielogical charactenistics. For exampls, the upper
zone is 3 Teshwater emvironment, while the lower zone is
brackizh {maximmim |5%a) at the mouth, whers it enters
the Gulf of Thailand (Damchoo et al 2021). Meanwhile,
the salinity in the middle zone fucmates berween 10%.
and 13%. as if 15 3 mixing zone between fresh and saline
water (Tanasemwang and Assava-aree 2013). Samples
of 4 macwions were collected from four landing sites
(Fig 1) n the upper and middle zones of Songkhla Lake
(whers the fishery iz intenzive) berween Jamiary and Die-
cember 2020, Individaal fich were labeled, measured for
standard lengzth (5L). fork length (FL) total lenzth (TL)
to the nearest 0.1 cm, and weighed to the nearest 0.01 g
in sim. Samples were then packed in ice and taken to the
Pamalmg Inland Fizheries Fesearch apd Development
Center Additienally, 15 4. maculatus representing var-
w3 size classes were collected every thres months for
anmmal ring validation.



Acin Ichihpologica ot Piscmesia 5106, 2021, 371-37T8

59

]

THAILAKD \q
_
, |_"H.
Caall of
3 Sl.ﬂ'.l.ll_'ll: T haliland
paict
I N
Sargihla
I" = lLake

Figure 1 Location and map of Sonzkhis Laks Thailand Stars
indicate fish landing points.

At the fisheries center, the Largest pair of otoliths (Le.,
lapilli) wers remowved, washed, and kept dry m a wial
Diorsal- and pectoral-fin spines were cut with bone-cai-
ting forceps. Each hard part was embedded in resim and
cut by a low-speed diamond saw (South Bay Technology
Inc., model: 650). Bony parts were then polished by sand-
papsr (grit size ranging from SO0 to 1500) uotil the core
was s2en. Each polished sample was photographed under
4= magnification, and anmual rings were counted wisu-
ally from the moniter and using the Image-J program. An
ammaal ring was considersd as the boundary between the
inmer edge of a wids opagque zone (Le., comesponding to
high growih ratz) and the outer adge of a namew ranshs-
cent zone (1., cormesponding to low erowth rate) (Eotsyn
etal. 2021). Three {3) readers. with no backeround infor-
mation of the size of each mdividual fish. were assipned
for aging each sample.

Drata ampalysis. Lengtb—lensth relations and lemgth
[TL}~weight relation (LWE) were sxammed by lmear
and curvilinear regressions. The estimated parameter “5”
from LWE. was tested for significant dewiation from 3 by
using a rtest. Annual ring formation was validated by
marginal increment ratio (MIE) analysis (Beamish and
McFarlane 1983) as

(E- I_l
m'.{x -E_

whers E is the radins (distance between the center and the
edge of hard part), R is the distance from cemfer o guter
edge of last complets band. and R__, is the distance from
center to outer edge of nexnt-to-last complste band. The
difference in MIF. amonz months of sampling was tested
oy Kroskal-Wallis test, and Dunn's post test was applied
when a significant differencs was found at o= 0.05.

The percentaze of agresment (PA) among the three
readers was calcolated as the ratie of the mumber of
apreements among the three readings to the tofal Dom-
Iber of readings made. Precision i in age reading among the
three readers of each hard pant was tasted by two methods
{Campana 2001): mean percentags emor (MPE)' and co-
efficient of variation (CV).

EMI’hI
MPE =<
i d

where

e

MPE, = 100 x —

where MPE is the mean percentage error for the f* fish,
X, uthef‘“age estimats of the /® fish, ¥ is the mean age
sstimate for the j* fish, & is the mmber of times that each
ﬁ:hwa:aged_anda:sﬂlenumbunfﬂmplﬁ

L]

. > (a-5)
YoV, ]—_"{ )
CV= where OV, =100 K-l
" ' X

whers C'i.-' is the coeficient of vanaden for the /® fish.
The age read.mgs of each fish sample and =ach ]u.Td part
from the three readers were then averaged and rounded
to the nearest integer. Two additional readers with exten-
sive experience in fish aging reviewed sach hard part and
checked itz desipmated age The age-bias plot [(Campana
et al. 1805) was applied to visually assess potential ag-
ing differences among hard parts. Finally, three commaon
erowth models (Duarte-Keto et al 2012), ie.. voo Ber-
falanffy model (von Bertalanffy 1938), Gomperiz model
(Gompertz 1813), and Logistic model (Ricker 1975) were
fitted to the observed lensth-at-ags dafa:

L=L_(l1-¢gt-u)
von Berfalantfy modal

L=Le
Compertz madel

L=L (1+e&% %"
Logistic model

1 Itwas origmally (Canmema 2001 “averass percent emar (APE]™
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Figure 2, Lensth frequency dismibution of drius maoans
from Songkhia Lake, Thailand

Results

A zize distribution of the 213 4 macwlams samples
uzed in this smdy is presented in Fig. 2, with a range
between 35 and 238 mm TL {mean = 50 128 = 43 mm
TL). Body weights ranged between 0.4 and 154.1 g
with mean = 5D of 26.4 = 23.7 g. The length-length re-
lations showed high commelation between measurements
(R* =095 Fig. 3A-B); meanwhile, ths log-ransformed
LWE revealed poszitive allomemic prowth, ie., parame-
ter “5" of WLE was significantly higher than 3.0 [P <
0.01; Fig 3C).
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Figure 3. Length-lenzth and lengsh-weight relations of 4rius macuigas from Sengkhla Lake, Thailand TL = tofal length, FL =

form length, S1= standard langth.

where L is the predicted length-at-age r, L_ is the asymp-
totic length, & is a relative growth rate parameter, and £,
iz the age when length is theorstically zero. The growth
mixlels were fitted to length-at-age data using nonlinear
least-squares. The residoal sum of squares (R55) was
used to measme the dizcrepancy berween the data and
an estimation model. The growth performance index (9",
Pauly and Munra 1984) of each growth model was esti-
mated by

o = log(¥) + oz(L )

The obtained I [cm] and & vahues were further used
oy estimate the natural mortality coafficient (M) by using
Pauly’s eguation (Pauly 1980

log, M= —0.0066 - 0.270log, I_+ 0.6543log, b+
0.4635l0z, T

where I is the annual mean water tempesature, which was
sef at 30°C (Intemational Lake Environment Committes
Foundation 2021). Data analysis was conducted by us-
ing B-statistics (B Core Team 20207 undsr Package FSA
(Ogle et al. 2021) and “fishmethods" (Melsen 2021).

The §0 4 macwarus samples for the MIB sudy anged
between 35 and 238 mm TL, with the mean = 5D af 118 =
43 mm TL. The MIF. results showed clear mersasimg trends
from Jamuary (MIE. near 0.5} to Cctober (MIE pear 1.0) @
all three hard parts, and a siznificant difference was found
befween Jannary and the ather sampling meonths (F < 0.03;
Fig. 4). The highest MIF. was found in Ociober for all hard

— o | P R
= =Tt ] wpies P g = QU0

= o= Pl i (0 senban = 0E )

N

gl iy Dericber
Figure &, Margira]l merement ratio (MIE) of 4rfus macudanes
m Songkhla Lake Thailand
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Fegure 5. Cross-sections of three hard parts of 4w marubms from Songkhls Lake Thailand (A) osolith, (B) darsal spire and
{C) pecioral spme. The bladk dots ae labeled aprmli.

pants and was almost doubls the MR in Tamuary. The larg-
st difference in MIF. valwes befween these two months
was obzerved m otoliths. The siznificantly lower MIE in
Jamuary implies that an anouhys is depoesited once a year
Ape pstimates fom the thres hard parts ranged from
less than 1 to a maximoum of § vears (Fig. 5). The percent-
age of agresment among the thres readers was hizhest for
otaliths (38.2%), resulting in the lowest MPE (9.5%) and
CW {11.6%). Meanwhile, the pactoral-fin spine samples
showed a higher percentage of agreement (and hence Low-
er MPE and CV) than dersal-fin spine samples (Table 1.

Table 1. Precision m age reading among thres r=aders of Arius
by sarnpded from Sonskhla Taks Thailand

Hard pari AmriEHml MM oY
Cnkis JETN. % T8%.
Dcrml-2n qanc % 13.7% 160%
Fecior-fn gpsc 2% 124% 144%

ST = roan porseriage oovor, LW - cacfioosi of verabos

The desirnated age of 2ach hard part (1.2, by thres readers
in the first round) was checked by twe highly experienced
readers with a perfect agreement and thus was considsred
the ebserved age of each individual fish (Table 1). Biazes
of age reading from otoliths and spines were obwious at

Table 2. Chserved age from three hard pares of 4rius manuis-

ages beyond 3 years. as the observed age from otoliths
was a bit higher than the obsarved age fom spines; mean-
while, less bias was found betwesen the twe spines (Fig. &).
Parameter estimafion m all modsls wsimg the observed
length-at-age dat fom the three hard parts is displayed in
Table 3. Tt is clear that the asympintic length (I ) estimated
from the von Berlanfy mode] (areund 290 mm TL) was
highear than from the other two modals, for all hard parts. The
larger 1 from the von Bartalm @y model was compensated
oy low & values, which consequently made &' vahies for the
three models reladvely similar The estimated natoral mar-
fality coeficient fuchaed between 0.573 and 1,531 year,
due to the estimated I and & values. In each growth model
the lowest sum of squares was obiained fom the lensth-at-
age data from odoliths. Therefore, this hard part was used
to explain the growth of 4. marsiams in Songkhla Lake as

L =20087(] — gaiw-150
von Bermlanffy madel

L =22 g2

Cromipertz model
L =208 85(1 + groir- 132401
Logistic modal

Table 3. Growth pammeters fom thres hard parts of s

Lamrh Aga rear] Tasl Be=del L lmm] ok jrewrt] f [yeer] [T o W pvear|
(L] i 1+ 1 i 4 L CHel
] won y  TALET  nes -151 SEOTR 20 05TH
-5 11,011 L e R ] 044 STABT 28w LMEE
-1 0 L1,e Ll g i DA 1374 STATZ 248 483
T 132 1 1 Domakin spias
Hl-110 0ol 18R 5I2 1.0, 31 v Hesiln=fy =R i T -1.34 B HTH 31 g1z
[ B e L OIS 3 140 111 Uinmperts e N 1] ETN [T pd BAOET ek e L1
131130 L2 B30T IR%% La0 L] Logsx .=k | [ I irr) &I 1aTE LEFI
151-170 ool LES ImImT RA4 L] Prrwerai-bn spas
171-190 OL4 W6 N AT 300 L0 & von Heralusfy 296 0K L -1 AN, IR 0837
191200 03,1 3,33 LL1 o0 13 Ui == L UL 481 Ll k) 1154
211-I; LELT L1 & Lagusx L% ] i 1] 1dxm BUJKE 14 1 558
|25 31,1 100

Fpsn: Nourrkers 1z ek ol are the chserved sges Soen plebib, dorasl- asd peciomal-hin
EparC, respectrel v

L= the aaymnpente: ford kesgh, &= rda e growth er paremar, 1§ - age whos losgis
8 thearekosly porm, HEN = roesdesl wen o spares, OF = ple proes valus, A= sstural
ey aettcie
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Figure &, Azebias plotz between bard parts of £y marcwiene from Songikhla Lake, Thailand. (A) otolith v=. dorsal spine, (B) oto-
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: E v ap“pm%%ﬁﬁmu m&ﬁsmﬁﬁekung Dialta {25 cm TL; Kuatsyn et al. 2021). Tran

(Fig. 7), the estimated lengths af age | to 5 years wers
almost identical, whereas the estimated size: from the
von Berfalan®y model wers larger at age § years old and
above rzlative to the other models.
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Figure 7. Growth omves of drius maouins in Sonskhla Lake,
Thailand, from three prowth models.

Discussion

The age-length key and growth estimation of fishes and
shellfishes can provide valuable insight mio their 1ife his-
tory and be further wsed to prascribe optimom fishing reg-
ulatons for sustaining their fisheries (Izley and Grabows-
ki 2007). In this shady, the age—lenzih key and growth of
A macuilans were assessed for the population in Songkh-
la Lake, Thailand All the samples were from the upper or
middle zopes of the laks, implying that they can develop
a stock i a low-salinity or Teshwater habitat, contrary to
the snzgestion by Kutsyn et al. (2021) that this fish aveids
the freshwater environment in the Mekongz Delta.

The maximum length of 4 maculenes in this study was
23.8 om TL, which is similar to the maxinmum size fom

et al. {2021) reported that, in the Lower Mekong Basin,
thiz fich can grow as large as 40 cm TL. The sizs (around
15 am TL) found in fresh- and brackish-water habitats is
substantally lower thap in stocks from marine environ-
ments, much as 29 cm TL of the coast of Malaysia (Arshad
et al. 2008) and 35 cm TL in Taiwan waters (Chua et al
2011). Lengib-length relatens showed hizh lineanty with
hizh comelation. The “57 coeficients (e, slope of the re-
greszion ling) of SL-TL (1.15) and FL-TL {1.13) relations
were similar to the values obiained for the stock off the
coast of Taiwan for SL-TL (1.18) and FL-TL (1.04) {Chu
et al. 2012). Meanwhile, the coeficient =5 for SL-TL re-
lation of the 4. macuians stock fom Peninsalar Malaysia
was 1.17 (Arshad et al. 2008). The similar values of 5"
from various stocks mdicats the similar body proportions
of this fish, repardless of whether they are feshwater,
brackish-water. or marnne residents. The "5 coeefficients
of LWHs from this shady wers sisnificantly higher than 3,
mdicating pesiive allometry (ie.. fish become heavier az
lzngth increazes), and refecong optimum conditions for
growth (Froess 2004]) as well as the switability of habitat
condifions (Damchoo et al. 2021). Interestingly, the =5
coefficients of LWEs from the manne stocks were lower
than 3 (between 2.6 and 2. 9) {Arshad ot al. 2008; Cha et al
2011, which could be explained either by climatic vada-
fion or researce competition (Disb-Magalhaes et al 20135).

Ape validation through MIF. analysis provides relative
certainty of annohus formation and coofirms the growth
zone deposifion in 4 macwiatur. Low MIE was found
in the early part of the year (Jamuary, winter) when the
Waler temperatars n the inmer zone is normally less than
2T i is around 30°C during the rest of the year (Anon-
ymous 2021). The maxinmm age {§ years) of 4 macuia-
s found in this snady is within the applicabls range for
aze validation. MIF. is not suitable for long-lved species
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of older individoals (ie., more than 11 years) (Campana
20013, A higher percentage of agreement in aging fom
otoliths than with ather hard parts has alse been reported
by other researchers (Eham ef al. 2011; Zha et al. 2017).
The percentage of agresment was 50%—80% in this sndy.
Crher shudies that emploved only fwo readers achisved
rates of over 0% (2.g.. Khan et al. 2011; Gebremedhin
et al. 20217, Although the percentage of azTeement was
lower in this stady, verification among the three readers
through MPE and CV was sl lower than the upper lm-
it of 20% (Winter apd CLiff 1996; Cruz-Martmez =t al.
2004). More age bias was observed between otoliths and
spines (both types) than between dorsal- and pectoral-Gn
spines. In alder fish {ie.. beyond 3 years), the higher ages
estimated from otoliths could be because the spine macle-
us of many fish species is reabsorbed and replaced by a
hole (1.e., vascularization), which eliminates or obscures
the first apmulos, causing underestimation of age fSom
spines (Drew et al 2004; EKhan ot al. 2011). For this rea-
san, togather with the sTeater consistency in aging among
the three readers, otolihs were selscted for growth est-
mafon, siniar to several ather smdies (pg, Khan ef al.
2011; Zha et al 2017; Almamamn et al. 2021; Gebremed-
himet al. 2021 that compare ages foom varieos hard pans.

The growth models based oo the age—length key from
otolith reading revealed a lower residual sum of squares
than far spines, which confirms the surmbility of this bard
part for 4. macuiatus agmg. Higher I and lower & walues
from the von Bertalanffy model than from other growth
madels have besn reportad in many studies (eg., Craz-
Martinez et al. 2004; Zha et al. 2009; Duarte-Neto et al.
2012; Zhang et al. 2020). The obtained @" valnes from
all thres zrowth models wers within the mnze of values
from stocks of 4 macniaus elsewhers (2,08 <@ < 3.14),
which were estimated either by otoliths or length-fre-
guency data (Fuatsym etal 2021). A suitable srowth maod-
el should not only be selected by mathemarical measures
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