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Abstract

This project is aimed to (1) develop technique and methodology for mud crab broodstocks,
hatching and nursing of mud crab, (2) develop nursing model by community farm (3) develop
model of rearing farm in abandoned shrimp ponds around Pattani Bay and beyond, and (4)
these models can be applied for future development of mud crab culture in Thailand. Six
working plan was designed viz. (1) developing mud crab broodstocks, and technique for
hatching and nursing, (2) nursing rom zoea to megalopa, (3) nursing from megalopa to crablets
(4) rearing of mud crab in earth pond and fattening in condo system (5) analysis of cost and
returns and (6) transferring of technology to community. For the Work Plan 1; (1) this project
is able to induce berried female spawners to spawn in the developed dark room. (2) It was
found that filling the bottom of plastic tray at 6 cm depth of sand, feeding with broken shell
green mussel and having water level at 35 cm provided the best condition for spawning of
mud crab. For Work Plan 2; it was able to produce 34,658 crablets 2 and found that packing
megalopa 70 crabs/tray would be able to transfer crabs for 6 hours. Moreover, it is
recommended to reduce megalopa density it longer time required. For Work Plan 3; it was
found that Acetes was the most suitable food for nursing mud crab and pellets mixed with
Gracilaria powder was possible to use as food for nursing mud crab and fresh Gracillaria
served as shelter. Nursing mud crab at 2,000 crabs/m? in 20 and 30 psu was the best condition.
The crablet f 175 crabs/m2 was able to tolerate for 24 hours. It was successful in designing a
movable nursing pond with iron structure to nurse mud crab from megalopa stage to crablet
3 with the average survival rate of 82.1%. Additionally, the farmers are able to receive
technology transfer for mud crab nursing method and can be applied for their own farms. For
Work Plan 4; the survival rates of mud crabs cultured by PSU demonstration farm and trial
farm of farmer were 29,4% 39.2%, respectively. It is suggested that harvesting of mud crab
must be done before 100 days of culture to achieve highest benefits. Eighteen farmers/groups
engaged in mud crab farming with 11.3 Rai and yielded about 4,000 kg for two years. The
water-recycled condimenium for mud crab fattening was successfully designed. Feeding mud
crab with chopped fresh fish twice a day would provide the best result. The fattening of mud
crab in concrete pond is suggested but not more than 5-7 days. For Work Plan 5, the cost for
nursing megalopa to crablet 2 in a movable nursing pond was 12,267 baht. The estimated

price of crablet 2 was 17,248 baht and profit of 4,981 bath per crop and the break event was



0.1 year. The break events for fattening male and female mud crabs were 0.36-0.42, 0.23-0.28
year or 4.2-3.6 and 1.8-2.2 crops, respectively. The return of investment (ROI) of this project is
146.1 and the farmers developed from this study continue culturing mud crabs as their career
or alternative livelihoods. For Work Plan 6; farmers show a strong interest for investing in mud
crab farming and using technology transferred to start their own farms. A network of mud crab
farmers is formed in Pattani province and connected with other networks in Thailand.
Additionally, many sovernment offices responsible for the development in Pattani province
announced their policy and provide strong support for mud crab farming. In conclusion, this
project serves as catalyst and provide academic support to start mud crab farming in Pattani
with the integration of all local parties involved and the outcome is very satisfactory. This
leads to the establishment of the southern border province administration center (SBPAC)’ s

strategy for the development of the southern border provinces of Thailand 2020-2022
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ad 1

2. manassudasfuiioniuumeisnanuiiugyuilieenlduannseansiaeiseineg
Nnmsiusiiusyufiilliszesi 3 way 4 Sy 93 f neasmnuuaidulUliRazrEausl

wugvlriinisUdeslieenuennsznewnedBineg Uszneuse msuiiugyvnlddmaaosdisysu

amnfnveninnii 30 psu MelulsadindmSuyuyuazineusnumuuenlsdla (photoperiod) n1sld

nszuginseszauaeuaei ludmaass lanan1sAnwiiesdunin s 1

MSNT 1 wan1svaaaslasumiuIvansHanwiiugyuilviesnliuennsenaig i

Fafi/Audl CL (cm) Ww (g)  ovary unsey 9318 Tu/uen Wa
(cm) Ts9dln
1D140862 13.6 390 3 W 2 Tu Uanzoan
2D140862 123 330 q MW 2 u Uaseeon
3D140862 13.1 330 2 LW 2 Tu Yuwon
4D140862 11.4 290 3 LW 2 Tu Yuwon
5D140862 12.1 370 3 MW 2 u Uaseeon
6D140862 111 280 3 W 2 Tu Uanzoan
7D140862 12 350 3 WA 2 Tu e TdiAudnnsenes
8D140862 11.2 300 3.5 LW 2 Tu Yuwon
90140862 12.7 410 i LW 2 Tu e ldiAudnnsenes
10D140862 13 470 i L 2 Tu Tavde ldiAudnsenas
11D140862 11.4 310 3.5 L 2 Tu Uaowean
12D140862 121 340 3.5 W 2 Tu Uanzoan
13D140862 11.4 300 il L 2 Tu e TdiAudnnsenes
14D140862 105 230 3 L 2 Tu UYuwon
15D140862 118 340 3 W 2 Tu Uanzoan
16D140862 116 320 3.5 L 2 Tu Uaowean
17D140862 125 390 2 LW 2 Tu Yuwon
18D140862 10.2 180 2 W 2 Tu Yuson
190140862 10.6 250 2 W 2 Tu Uanzoan
20D140862 10.9 240 2 LA 2 Tu A
21D140862 125 380 2 W 2 Tu fne
22D140862 11.2 260 2 W 2 Tu Uaseeon
23D140862 9.9 200 35 W 2 Tu Uanzoan
24D140862 114 300 35 W 2 Tu Uanzoan
250140862 12.6 420 3.5 W 2 Tu Uaswoan
260050962 12 380 3 SR 2 Tu Uanzoan
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fafi/ il CL (cm) Ww (g)  ovary unsey 9318 Tu/uen Wa
(cm) 1ssdln

27 D050962  12.4 450 2 SITUR 2 Tu Uaeeeen
28 D050962  11.2 340 3 5IWTE 2 Tu Uaowsan
29 D050962 13 4380 3.5 FITUYIR 2 Tu Uanysan
30 D250962 12,5 390 2 SITUR 2 Tu Uaeeeen
31D250962  10.2 180 2 sysuvR 2 Tu Uaoeoon
32 D250962 114 300 i SITUTR 2 Tu Tivde TdiAudnsenas
33 D250962  11.2 260 2 sysuvR 2 Tu Uaoeeon
34 D250962 114 300 i SR 2 Tu Tivde TdiAudnsenas
35 D250962 11.4 300 3.5 FITUVG 2 Tu Uanyean
36 D250962  12.1 340 35 sITUR 2 Tu Ugdeween
37 D041062 12 345 3.5 5IIUTR 2 Tu Uasyosn
38 D041062  10.2 180 2 sITUR 2 Tu Ugdaween
39 D041062 125 380 2 SR 2 Tu e TdiAudnsenas
40 D041062 112 340 3 SITUMIR 2 Tu WAudnseneatiay
41 D041062  11.2 260 2 sITUR 2 Tu Ugdaween
420231062 n/a 300 i vaides 2 Tu e TdiAudnnsenes
430231062  n/a 320 4 Uades 2 Tu Udeyaen
44D231062 n/a 280 4 vaides 2 Tu e TadiAudinsenes
45D231062 n/a 250 3 Uaudes 2 Tu Uaowaan
46D231062  n/a 255 3 Uaides 2 Tu me
47D231062 n/a 260 i Uoldes 2 Tu Tavde TdiAudnsenas
48D231062 n/a 250 4 vaides 2 Tu e TdiAudnnsznes
490231062  n/a 250 a Uaidss 2 Tu Udegoon
500251062 n/a 245 3 Vaides 2 Tu A
510251062  n/a 255 3 Uaidss 2 Tu Udegoon
520251062 n/a 240 il Voldes 2 Tu Wudnsenaatiay
530251062  n/a 235 3 Uaidss 2 Tu Udegoon
54D251062 n/a 235 3 Uaudes 2 Tu Udaeoan
550201162  n/a 340 3 Uaidss 2 Tu me
560201162 n/a 300 3 Vaides 2 Tu A
57D201162 n/a 230 3 Uaides a Tu luennszneg 9.3.63
58D051262 n/a 250 4 Uaudes 4 Tu gne lade
59D051262 n/a 240 4 Uaudes Tu lduannszneos 24.1.63
60D051262 n/a 380 i Voides a Tu g lide
61D051262 n/a 260 4 Uaudes 4 Tu ge lade
62D051262 n/a 200 3 vaudes 4 Tu lguannyznes 6.2.63
630051262  n/a 4 Uades 4 Tu Tnide
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Fafi/Audl CL (cm) Ww (g)  ovary unsey 9318 Tu/uen Wa

(cm) 1ssdln
64D051262 n/a il Voides 4 Tu luennszneg 6.1.63
650251262  n/a 270 4 Uades 4 Tu
66D251262 n/a 280 4 Uaudes 4 Tu lduannsznes 25.1.63
670251262  n/a 250 4 Vodes 4 Tu
68D251262  n/a 260 4 Uades 4 Tu
690090163 n/a 340 i Voides a BN Tdeiulatey 11.2.63
700090163  n/a 250 4 Uades 4 uan
710090163  n/a 260 4 vodes 4 wen
72D090163 n/a 270 il vaides 4 uan
730090163 n/a 200 il Voides a4 uan Uasyesn
74D090163  n/a 225 4 Uades 4 uan me
750090163  n/a 255 4 vode: 4 wen e
760240163 n/a 280 i Voides a uan ang Ioliean 31.1.63 lunszmeaiu
wing
770240163 n/a 270 il Vaides 4 Tu lauonnszans 30.1.63
780240163 n/a 275 4 Uaides i Tu I denfiulation 1.2.63
790090363 n/a 270 i vodss 4 Tu Ivaysal
78D270563  n/a 250 i vodes 6 Tu Tolaianysel
79D270563 n/a 270 4 Vaides 6 Tu L
80D280563 n/a 280 4 Uaides 6 Tu lahvAula
81D050763 n/a 250 4 Vaides 6 Tu laivAul
82D180663 n/a 270 4 Uaides 6 Tu lahvAula
83D180663 n/a 250 4 Uaides 6 Tu lahvAula
84D020863  n/a 250 4 Unidns 6 Tu ey sl
850050863  n/a 370 4 Uoids 6 T Tojawysal
86D050863  n/a 350 4 Uaidns 6 Tu Talsiaay sl
870170863  n/a a49 q vodes 6 Tu Tojasiysod
88D020963  n/a 300 4 Unidns 6 Tu Talsiaay sl
89D150963  n/a 350 4 Uoids 6 T Tojanysal
90D191063  n/a 300 4 STV 6 Tu Ty sl Wldwmwn
91D111263  n/a 350 4 SIWVIA 6 T Tojawysal
920131263  n/a n/a 4 STWVE 6 T Tyauysal
93D181263  n/a n/a 4 STWVE 6 T Tvauysal
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13N 2 HANSANYIBNSNAYRINES (photoperiod) Aian13eanluuenNIEABIUELTUTY VT

Ui Smsidu udisu i nsudeslteanuen anwagn1suasyly
i IGN e (n3) N3ZADY

1 uasUnd 23/10/62 320 Uaoela Linuladnszaes

2 uaunf 23/10/62 250 livaenly -

3 uaunf 23/10/62 255 Livaesly -

4 uasUnf 20/11/62 300 livaenla -

5 uasunf 23/10/62 250 Uaoela Lnuladnszaes

6  uasunf 23/10/62 250 Laivaesly -

7 uaunf 25/10/62 245 Laivaesly -

8 lssdln 25/10/62 255 livaenla -

9  lsala 25/10/62 270 Uaogld lausnnsznes auysel

10 s 23/10/62 280 Uaosld luusnnsznes auysol

11 lssdla 23/10/62 260 Uaeulal LAulaidnnseaes

12 lsudla 25/10/62 235 livaenla -

13 Ts9dln 25/10/62 235 livaenla -

14 lsada 20/11/62 230 Udogld luennsznes auysel
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Wugyraniluuennsassazaiunsain lmnegiindediuiu 13 67 (43.3%) duiugyvnindaeslieen
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6 luming Tudaguwdiugyunlussuulsauwiiugyuniiuias

wivusy  Yufieadies dwdny  uiflsuen Fufidlyleifis anwuely

Y126 N32A94
1 10/3/63 274 09/036/3 [RGHATRY
2 10/3/63 251 27/05/63 Tojauysel
3 10/3/63 271 27/05/63
4 10/3/63 282 28/05/63
5 10/3/63 283 05/07/63
6 10/3/63 278 18/06/63
7 10/3/63 256 18/06/63
8 25/07/63 390 02/08/63 RGO
9 25/07/63 370 06/08/63 Tajaaiysal
10 25/07/63 390 10/08/63 Tajaaiysal
11 25/07/63 449 17/086/3 RGO
12 25/07/63 315 8/08/63
13 25/07/63 268 28/08/63
14 25/07/63 300 02/09/63 lvauysal
15 22/08/63 350 15/09/63 [RGHTRY
16 22/08/63 300 19/10/63 Tajaaiysal
17 1/12/63 350 11/12/63 lvauysal
18 8/12/63 350 13/12/63 Tajaaiysal
19 8/12/63 300 18/12/63 Tajaaiysal
20 8/12/63 276 22/12/63 lvauysal
21 18/12/63 266 25/12/63

31



dyuNan1INnaag

NNINAaINSas Ui ndlisseen 4 laglidadusneg Usenausie nsldlsalafivuas
(photoperiod) s¥AudludelnudNug Y17 nsianseaunsrslunszugdmsuiinuidug vl ¥ie

[

91 sNkRugYu Y aunsoasulaned

1 o o

1. msdewiiugyaqlulsadinfivuainaeniind (24 43lu9) Agdwmaseusednsainnisesnly

q

s

wennszABsgenIuinugyrneliluuinaiiivas uansinnisdeswiiugandlulssdafivwaaduy

Tadedrdgyusznisuildlunisnsziuissansnmnsihlveenuennszaesvaniiiugyann

2. Mmatiunsiglunssuznarafnidnanoniseanlyuennizaeswedwiiugiann laeseauaiu
MWRINTIEN 6 WwuRng IrdadieUsydnsamnisudeslvsenuennsenesaan

3. nsldveaunasganinemizilaanidueimisuniudiugyanaasdsnasialssansninnng

' 1
=

Uaeeldeanuannszaesresingiuinian uarldszazinanlunistaesldeanuannsznasiieniign

4. szauihlududesiugyinadenisudeslioenuennseaasveiiugyvn Tngseauiiinig

an 35 wudlung IvdwadoUszansnmnisuassliosnuennsznasuniian

32



uni 5 AsaYUIagnYsEEe zoea lugszes megalopa

mMendsaingnignitnesnulusainuidiudyua gnyazedlusseziizenin zoea lnggny
WLATYHAULAAIETTABNATIVINTUY zoea 1 dIvee zoea 2, 3, 4 kar 5 Wi NUuIzaanNATIULNe
\ingsee megalopa neunvgimwsalUaugsyey first crab vise crablet saly Llipenngnylu

P & = i = 19 v A S a
TYTUNVUIRNLAN llﬂ'mlll’]@@ﬂ'ﬁlfuaEJ‘ULLU@QGU@Qﬁﬂ']WLL']ma@lI ADINTITIDIUITINUAITULNRUISANNIVUA

(%
&

9115 USINauiliiigane SnuaizlazAuAInYeIeIms uenan1duwdInisignylusserildiulngine

(%

ihdeseosegluinat dunsmziinuareyuagnyluszeriisioddanuiuaneiamainnis
seiuge uaziuiumshlsamngiinfifiszuuuas o1ma uazmsdnnsemsiTinfipuaziinanin 8n
fansfiniseyunagnyluszerivossamalvediasdissiunsUsvavaudisoidossnn  auddll
ansnsnaevenasdeuslvuifussnounslsamefinnaonauld  dedumsfnuideluduneut

[

ieNRuInAlALaLeIAANINITITINMTLarNSTHNLIANUTIWIYYeItinIvIN1TRadnI LAty

o

agBariaUsaVEANLarUsEANSHATRINITHRUIgNAMNTTUNSINN IR NEIavBIUTEIN A

o/

ngUseeA

ieiaunallawagisnsngiingnyneialulsameiin uazniseyuiagnyainsses zoea

lUdszey megalopa

aa1u

¥

1. @a0Nidvsuarnsindmniul YINENSUEIIATUASUNS 8. NI 9. @99aN

1%

2. Audideuazimunnisinzitesdhngldminlemi o. sgvse 9. Jaanid

nanssud 1 Anwinavasanuvuiwduniideussnsniwniseyutagnyisdeusses zoea

ad =
D/NIIANEN

1. 29NLUULNUNITNARDILUU CRD NSEAUAMUNUILUUAINY 4 52U bokA 50 150 250 way
350 MIRBENT YANTNAGDIAY 3

2. @3sulaLNIINIn 5 ans 911U 12 via

33



8.
9.

uiazgansneaeslaiiiung 3 ns fsefuarumuiudusiieiy wieumdueineluszdy
Uhunans Taewnil8ue 1 fu

UdQnYsrer Zoea 1 naudiduuasimuiUseuaneiladonid lnedndesgnylusedu
AUVUILLUY 9,000 FIRRENT (988 3 GnT) fissiuaufy 28 ppt
Usuanmgnyluszaiuanupunuures 9 Usuias 2 ppt sio 1 Falus Tneidseiianandy 30
ppt

duiugnylagn1sguAunUILYUIING RN Mntduhanideaddildanumuuduaid
doanslaglalulyaiinnamuiuiy 50 150 250 uae350 fredns

Tonsgnylusees Zoea 1 - Zoea 2 Ingldlsines laiihszey Zoea 2 - Zoea 3 Tomns
TngldlsAmesnauiuoniiflousnitn ntudlodnssey Zoea 4 - Zoea 5 Ifomsingldons
Pddevunlngdu

Wasugetuay 1 8ns lunandisna 1600 u

guilugnsnsenvesgnyyn o 3 1

10. Wognyinszer Zoea 5 MMIduTudnsINIgIon IATIENLALTIENUNANITNAGDS

a ] o & aa a P} =
AAINTIUN 2 ﬂ’]’iﬁnw’lNaﬂla\‘i’im‘uﬂ’J’]ﬁJLmJVISJGI’e)‘lJ’izaVIﬁﬂ'MmiBgUﬂaQﬂg’Jﬂaau’izﬂz zoea tN

3382 megalopa

ASn1sAnE

Y o N o W

9ONUUULNLNNTNARBIUUY CRD Aiszsuanufusieiy 4 sedu 1dun 15 20 25 30 psu ¥a
msvAnesay 4 91 518z 5 6

wsELLMINANEAnYUIA 900 ladans 91w 80 Tu

Lwiazsqﬂm':?maaﬂdﬂfm%mm 800 fiaddns fiszAuAaAuiaiy nFoudneneluszdu
Uunans TnesinthlAidunan 1 fu

Yudsgnyses Megalopa MnaudianUssusiufiguiiuinnda suflownannsesasii
lngdndesanyluszAuanunuiiuy 500 dsienseus

UsvanmgnylussduanuAuuuudes 9 Usuiias 2 psu s 1 dala

dugnyandain Tdluufmanainfidenlilusng 1 davleuin

Tiomns 2 van o 8.00 u. wag 16.00 u. lngldorsiiflautuis 2 fsauin
Wasueihiuag 100 Sadans Tunaidiady

duanssenvesgnynn q dUam

34



AANTIUN 3 NISANWINAVDIAMUNUILUUBALIZEZIAN I UNITVURIN TG

o/

NI170AVBIYNYTIEE

megalopa

A5n15Anwn

a a < a o 1
LATYUNTTULNANFANYUIALAN (5.5 X 5.5 ANT10GUALUAT) 1UIU 36 NTEUL LARSYANIT

7AADIIIADIANILAAIYVDIDI

POALUVLKUNTNAGBIUULNANBIS YA 2 Uade Ao SeAUAUUUILLULaE S 8LIa1lunIs
uds TaeilseAuannuwiy 2 seau 35 f/nseuznaase wiseandy 500 fseainvuin
25 x 17 @3 %38 10.000 §/n3.4. ag 70 §/nszuy viseandu 1,000 fasea1n “se 20,000
fh/neal. uarszeriatlunisvuds 4 sedu 6, 12, 18, 24 $2lus Tneflgnnisnaaesiionun 6

YANTNARDI YANITNARDIAL 3
duanyanauinunldlunssusiseduannumuiugy 2 seau (500 wag 1,000 fa/nseus)

avensvudgnyseer Megalopa M5elianlunsvues 4 sedu 6, 12, 18, 24 Falus

[

duensnsenvesgnynn q il 6, 12, 18, 24 Falus

9

a dl a
NANTIUN 4 N1sHaARaNYIses megalopa
U U

1.

Uulgsaaundmsuimnzilngny wioudamaunsainidiu

[y 1

Anwiteyuuinsimunganlunseyuiagnyivseussey zoea Wilugniszey megalopa

Y

Tulsawmngiln

[y |

AnwIsnsuneiinuarenuIagny I 8auaNeNE1T8198619Y

Jowsuannd yaains gunsalineg dmiumameiinuazeyuiagny
SousdouensdTinviaine elddmiveyuiagny wu dndes Tsfesuazensiide
Somusiyfislliuennseaesiianysaliftelfidunifusdmsumamzilnuazeyuia

aa A d' va o
m3UwuUIBayuauazeyuIaanyssesusniinimugauive lvlidnssengegn

Juiinismsimneiinuageayuna nieuiauwasUuls

35



9. narRINARgNYLieatuaUNTIRLN VBN YATNT

10. Yuiinwanisuangnyivgeu Jaduuaztedrindfny IiATeviuassenUNanITaaes

Y

NanazIsalnanIsAnen

1. HavasANuLILUUTTAeUsEANSA NNTaYUIagnYIudauses zoea
PNNTANWINATRITEAUAIUM LUz adTun1seuUIagnYssey zoea WUTQNYAY
Manualleingsser zoea3 lnvgnyiunguusiiniurialnanaass dullvgiuivilignyssey zoea

3 ldanunsedulsimesnidusmsnassassluiiaiile lngannsatuiinteyailognyiingseey

%
=3

zoea 2 Wiuu Iuﬁﬁﬁm’lﬁmumamezdaumimammﬂqﬂgiwz zoea 1 — zoea 2 MIULAAININ

NINARBIRIFUN 7

I

HAINNTIATIEitoyalaeldadd  ANOVA wudn  Anumuwduvidssauliiinansenusie

gns1senvasgnyusiednsla (P = 0.18) lnsgniilowdngdssey zoea 2 lgns1senRdeTEnIN 71.7% -

(%
=2 [y 1

90.0% (3197 8) Feunseyuiagnylussezananiianusadasugnylanseduainumuiuy

350 swedns ielunisandununisdsuarazainlunisdanis  egdlsiniunisveaesildnw
A A o~ = Y oA

lanzgNYINTEE Zzoeal - zoea2 Wi JAITNRLINTANYITEAUAIIUIILULTImINg AN

(Y] |

auunaanyiveaussazinluie

9 U]

d‘ ! ‘Nld ! o
#1379 8 masummmwmLLuu‘mmmaamﬁaﬂiumwymagﬂﬂvﬁwz zoea 1 — zoea 2

ﬂgmwmamﬁ' Sn159nTITERUANNUUILLY (F2/3R3)
50 150 250 350
1 35 120 200 300
2 45 120 240 320
3 40 95 220 300
\ade 40.0 111.6 216.6 306.6
sd 5.0 14.4 15.2 11.5
SovardnITen 85.0 71.7 88.0 88.6
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a o 1

2. NavasIERUANUANTidaUsEAVEMMwN1TaYUIagnyYTadausses zoea

Y

MneneiteyanavessriuAANINzanlunseyUagnysEe: zoea lagldada
ANOVA i1 avnduisdsedulaifinansenudesnseavesniseyunagnylusseriiusosndla (P =
0.91) Tnsgniilaiindssey zoea 2 fidnsanaiisewing 75.0% - 81.6% friuFaudiuliinlunig
oyUIRgNYszaslannsnviléfiseduaunfuesitssing 24 - 33 psu (397 9)

[

= LY & aa
HITNN 9 NAUBITEAUAIMULAUNLAD G]i’]ﬁ@@lﬂﬂ’]i@iéU?ﬁQﬂUﬂi%EJ% zoea 1 — zoea

YANARDITI damseaiszdiunmAuingg
24 psu 27 psu 30 psu 33 psu
1 55 70 90 90
2 60 75 70 65
3 80 70 85 90
1ade 85 90 90 85
Sd 70 76.25 83.75 82.5
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3. HavasANNUILLULaTszEzIa lunsvudenlidedns1senvasgnysees megalopa

HAINNFIATIEITayaINN1IVAaedlagldadi two-way ANOVA wudt Anumuiiuly
nMsussganyadlunin szezialunmsvuduasnasinverunuIkikaysravalunsudding

(-

adnINsenveynziangailityd1Ayde P<0.001) lngnuinausaussagnyitseaunuvukiy 70

srsenalsvnidunisvuddluszezing 6 a9 wazAlsanAuruILUuasiodasvudslussezan

Ay agdlsinunuingnyasmesunuailovudafissezioan 24 alus (113197 10)

M1597 10 8ns150AveIgnYnaanNIsvuddasldiinls 2 Yady Ae ssezlianlumsvudauas

ANUVUIRUUNUTII0AYUES (5.5 X 5.5 931°)

AUNUILUY (F/010) szpzavuEs (9lu9)

6 12 18 24
35 97 71 31 0
35 100 94 26 0
35 100 97 14 0
70 96 56 4 0
70 97 64 6 0
70 99 83 1 0

4. nMsnAngnYsees zoea gszey crablet 2 3nlsuwizHnvasAudITeuaziaLINITINIZIAY

v ¢ y [ [ =
dnunvgels Jwdadanndl
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'
1 ‘N

Audegradunlendluszesd 2 uaz 3 9nyidszusiiduliuinausndand laudyan
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narlumsslydudwdsiunuansssunduiwdeslyagldinanaie 9 Ju ewiyilnlyean

wumlasigeuyssue zoea unAnwilutunausialy
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2. YUNBUNITNAIUIAIDDU

waannlyyisuiineanidudy audgsyee crabs2 anunsauenszezgnylaned

Y

1) 5e8% zoeal dunnszeglanINadIuvIVIYLNUTUUILIN maxilliped Fzdlvy 4 Ldu
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1w

Hosoiulugiaiat 06.00 w. 10.00 4. 14.00 4. 18.00 Y. 22.00 u. Fui0NE 3 Ju
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4) srey zoea 4 dunnszeyliaindiuvesniyasnuvuuiian maxiliped gdivy 10 1y
gmssegluszaziilding 3 Tu lagluiun 3 avasnasiu 1 Asuilangdssey zoeas svetiazlionsi
Jeeny 24 Falue ienuvuwiy 5 §/8addes Wuomng w@dusie MCF 0.5 n3u/gny 100,000 7

117w 5 Hesteiulugaenan 06.00 . 10.00U. 14.00u. 18.00 1. 22.00 u. Faufiery 12 $u

5) seeiy zoea 5 dunnszerlaaindiuvesuiyasnuvuuiiin maxiliped agdivy 12 1éu

° [ S9 v ) o A I VI & v
snseegluszerilldingt 5 Ju lagluiun 5 azaenasu 1 ASuieldngszue megalopa srezilaglv
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10.00 1. 14.00 ¥, 18.00 W. 22.00 u. yufeny 17 Fu

6) 3v8 megalopa dunaszeglannnisdsususisliunndanngnyseusledufoas
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o

fnuisaesdne Bulldnuazadeyuddiingiiaesmsyey dvdesasseyluii 3 Ju lagluiun 3 9z
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% dy % I3 ’oj y U % a d‘
NAIUINSNIZR9ER U899 AR Y (A157991 11)

M157991 11 Yayan1Inangnyu1IaInseee zoea gszey crablet 2 YaAUEITuAITALINTINNZIALY
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[ o

(3 y LY v IS [
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Foufingn  Swnugnyszey a2 Mndnls () NG
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souvieAy 34,568
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Uamaalgiandu 44.0+3.6 30.1+9.3 37.249.8
faae 34.0+15.1 42.3+13.2 38.249.5
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percent weight gain (WG), specific growth ratio (SGR), protein efficiency ratio (PER) ®¢ 134
WedAty (P<0.05) ualidwwarnesnsinisudasenmsiuile (FCR) wagdnsisonmie (P>0.05) Lag
qﬂgﬁidmmiwwummLsﬂ’wlﬂluszijmsagmaﬁm WG, SGR, PER, FCR kazdnI150nn1889ni
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ayuiagnydlawfisuiugnsonmsdugiinaaes uwiduwildufineviiulainemsidanauainsiy
nuuslaennEsERuNISHEY 4% annsafvgldiluensdmsuenuiagnyiesauld ulindang
a1 U o= a a 5 | vy q' a ]
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Usgansnimniseyuia msldenmsiazdnsnsenvedgny

Diet Shelter WG SGR PER FCR SR
PSPO with 1345.40+290.38  9.49+0.77  2.09+0.07 1.19+0.05 80.00+17.32
without  851.56+270.26 7.96+0.95 153+0.41 1.69+0.51 83.33+15.28
Total 1098.50+368.95  8.72+1.14  1.81+0.40 1.44+0.42 81.67+14.72
PSP2 with 810.91+£163.81 7.85+0.62 1.68+0.18 1.76+0.41 76.67+15.28
without ~ 991.85+273.04 8.46+0.92  1.29+0.31 2.11+0.71  66.67+5.77
Total 901.38+224.44 8.16+0.78  1.49+0.31 1.94+0.55 71.67+11.69
pPSP4 with 1755.10+535.17  10.33+1.07 2.30+0.21 0.94+0.21  73.33+£5.77
without  674.16+236.95 7.18+1.19  1.38+0.22 2.02+0.47  63.33+5.77
Total 1214.60+698.23  8.76+2.00 1.84+0.54 1.48+0.68  68.33+7.53
PSP6 with 894.26+232.49 8.14+0.83 1.76+0.15 1.44+0.17 83.33+11.55
without  680.72+161.29 7.28+0.79  1.72+0.26 2.45+0.53 70.00+10.00
Total 787.49+213.79 7.71+0.86  1.74+0.19 1.94+0.65 76.67+12.11
control  with 2168.10+£80.80  11.15+0.13 1.04+0.27 1.62+0.53  86.67+23.09
without  1963.10+154.87 10.80+0.26 0.84+0.13 2.48+0.25  63.33t5.77
Total 2065.60+157.55 10.98+0.26 0.94+0.22 2.05+0.60  75.00+19.75
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A1591 14 HANTNARBIANUNUILULABEINIINTTONVRIGNYU

ANUVUUY (H/m?) SuuEudy IUINGATNY 9M5IN15580 (%)
500 100 61 61
500 100 59 59
500 100 43 a3

1,000 200 99 49.5
1,000 200 12 36
1,000 200 87 43.5
1,500 300 88 293
1,500 300 148 49.3
1,500 300 66 22
2,000 400 164 a1
2,000 400 162 40.5
2,000 400 168 a4z

d‘ 1 Q" 14 gol £Y LY
AN 15 ANLRADAININYIINTEABY (Cm) AIUNININTEABY (cm) WIKUN () WAy ansIN13580 (%)

vosgnyfdeslunnuvuwiukansieiy

ATUNUILUY mLEMNTEADY  muniunszaes  wmith (o) M31N13500
(#2/m?) (mm) (mm) (%)
500 3.5+0.1 4.9+0.2 0.021+0.001 54.3+9.9
1,000 3.4+0.1 4.7+0.1 0.021+0.002 43.0+6.8
1,500 3.3+0.0 4.7+0.1 0.025+0.004 33.5+14.1
2,000 3.4+0.2 4.8+0.1 0.022+0.002 41.2+0.8
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Abstract

Effect of diets with different level of Pom-nang ‘, der (PSP) suppl sons and the wsage of Pom-nang
seaweed as shelter for growth and survival of Sovila p blets were conducted using crablets with an imitial body
weight of 0.02 g Two factors including five dictary treatments (PSPO, PSP2, PSP4, PSP6. and controk mysid shrimp) and two
shelter treatments (with and without shelter) were designed in this stdy. It found that different diets had significant effects on
WG, SGR, PER (P<0.05) but not for FCR and survival rate of the crabs (P>0.05) ( Table 2). However, crabs living with seaweeds
as shelter had significantly different WG, SGR. PER. FCR and survival rate compared to those without seaweeds as shelter P<0.05).
Thce m lll:mdumeﬂects of the combined factor on WG, SGR and PER (P<0.05). Shrump was the most appropeiate food for

in and fi lated daets suppl d with dsisap ial feed 1o replace shrimp. The use

of Gracilaria as shelkr is 1al for ing crablets as indicated by all growth pcrfm:es and survival rate. Additionally,

the combination of seaweed as shelter and the formulated dets with 4% seaweed had the highest values of all growth performances
and survival rate compared to others.

Keywords: Juvenile Mud Crab, Gracilaria spp.. Growth Rate, Survival Rate, Crablet
1. Introduction

Mud crabs are commercially important species in Thailand and lmdllv accepled as ane of lhe oin Sources of food for
human consumption (Kornthong et al, 2019). Several provinces m Thailand such as Chantabun, Trat,

and Trang have been cultured mud crab for more than two decades (Areekiy Chuen-Im, & Pany b ’OlOL\Vuhlngh
dumndbmhlnkxnlandmmmlmrkﬂs.lhevmon:oflbemmlargdwsm;uwdfocaqmuﬂnu However. in most
of the cultur the j le mud crabs were ly collected from wild. Production from hatchery cannol sustain the

demndfmmfmngmdnﬂry hmmmmarmumh&mmm’ ~2017 from around 2,900 to 400
tons and the total value decreased from 424.2 to 74.9 million Baht (DOF, 2019).

Nursmg of crablets, Sovlia pa. i Bau'unnlsugefcllb:smsdmadcrabculule However, there is a
pavcity of knowledge and infi ion on the crablets reanng wally in Th d. Factors that promoting optimum growth and
survival are ial. but the infe ion i3 very limited oncqxcnlly appropriate food for nursing crablets. Naturally, mud crabs

marine detri grove plants, seagr and fish (FAO, 2011).

Macroalgae has been used to develop low-cost feed for aguatic animal and supplements in aguaculture due to their
nutntional value and o replace amimal mgredients (Niu et al, 2015). It has been supplemented as a source of nutrient food
materials, water quality improvement and habitat for aquatic animal including mud crab. Trino, Millamena, and Keenan (199%9)
used seaweeds such as Gracilariopsis and bamboo as shelters for mud crab Scylla serrata in grow-out ponds to provide substrates
or shelters, adeguate feed and reduce stocking density in nursery systems. This could lead 1o reduce cannibalism of mud crabs (Ut
Vay, Nghsa, & Hanh, 2007). Gracillaria or Poeenang seaweed has long been cultured in Thasband and uud to promole the suocess

of shrmp and crab mlmu (Nguyen, 2015). Ny lly, the mam P of Pom-nang d mcluding carbohyd
pmlem.nnd,, ysacchand, playan mlemgwmhofcnma:am(l-lohuz Zeng, & Soutgate, 009).Mnysmdws
dscated that d ibuted to an imp of growth, feed utilzation, carcass guality and immune

response of cultured fish or shum However, total replacement of fish meal by seaweeds showed negative mpact on growth and
feed efficiency of shrimp (Yu et al., 2016). It is postulated that partial supplementation of seaweed to crab dset may promote growth
rate, survival rate of mud crab, especially duning juvemle stages.

Therefore, study on diets with different Pom-nang d level ! d. and Pom-nang seaweed used as shelter
to determine growth rate and survival rate of crablets is crucial and has pokunl to mdirectly de\tlup mud crab industry. This
study is aimed 1o assess impact of diets wath dafferent level of d 1 d and using ushdlacmpwlhand
survival of Ju\mh mud crab. The kmledge obtained from this study will contribuse to an ady of 3 gue for
S par and lead to | production of the juvenile mud crab.
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2. Materials and Methods

2.1 DNt preparation

Pomy-mang seaweeds | Gracilara spp.) were oblained from Muang Pattani district, Pattam provinee. They were washed
and dried hj’ :unll'ﬂl[ before I‘mzh’ gmurdl:d I:Ij' 'usms a |a1|:u.1|'ll1:||‘j.I mill. Feed formulations consisted of fish meal, sql-'l] meal,
soybian meal, shrimp head meal, wheat flour, nee bran, fish oil, vitamin, mineral, and varying concentration of Pom-nang seawesd
powder. The Pam-nang seaweed powder (FSP) was supplementied at the level of 0%, 2%, 4% and 6% {corresponding 1o PSP,
PSP, PSP, and PSPR). The ingredients were then mixed, and 1 mm feed pellets were produced wing a pellenzer. Proximaie
analysis was done for all fowr diets. Total protem concentration for all diet formilka 15 in Table 1.

2.2 Crab acclimatzzation

Crab megalopa (Seplle par in) from hatchery was acch | into § tanks (23502 m') a1 density of 100
megalopaenr, 25 psu of salmity and temperatune of 27 °C. They were fed with on-grown Ariemia and an artificsal dier until
resching 1o juvemle mud crab at mstar 2 erablet {C2 ) The fully mtact and sctive crables were used i the experiment. The crables
were gently dred using tssue paper and were individually weighed for an inftial body weight (IBW) by elecironic balance
{accuracy to 00001 g). The carapace width was measured (0.1 mm) by vernier calipers (Ruscoe, Shelley, & Williams, 2004).

2.3 Experimental design

Juveniles & paramamosain al instar 2 crablets were individually stocked in 930 ml plastc containers (116 mm diameter
* 146 mm deep) inside an environmentally controlled room at salinity of 25 psw and temmperature of 27 *C. Crablets with an initial
bisly weight af 002 g were detnbuted randomly into plastic contamers. All containers were supplemented with sand subsirate
(Mirera & Moksnes, 20013).

A two-factor factormal design was used m the experiment [ditary diets = Pomenang seaweed as 2 shelter) with five
distary irnciments (PSI, PSP2, PSP, PSPG, and control; mysad shrimp) and two sheliered trestments (with and wathout seaweed
as a shelter). Three replicates for sach treatment were conducted, 10 crablets per replicate. Alwgether 300 individual crabs were
used in this study.

Crables were fied with the experimental diets ar 8% body weaght for each treatment [ Zheng en al., 2008} wice a day
{0800 and 1600 bour). Three hours after esch meal, the uneaten feed was siphoned out {Unnikrishnan & Faulray, 20005, They
Wens grown for 28 -lhys before all crabs were measured indivialua".y for Carapace width, carpace lerglll and Mi@td for final
by werght (FEW)L

2.4 Waler qln|i[)' managemenl and HJIH.I}‘J-'L"

Approsimately, ten percent of water were exchanged daily. Daily waler p % iniluding temperatere, alkalininy and
pH. were recarded at (F9-0d. fﬂ]irl'il_',’ was measured with a refractometer. Dissolved axypen, lemperalure and pH Were measured
using dissolved coygen meter (Y51 FRO 2030). Alkalinity was measured every three days in each tank usmg dimtion method.
Ammonia was measured every three davs in each tank using phenol hypochlorite method.

2.5 Growth experiment

An mitial average body weight and carapace size of the crabs were measured at the beginning of the experiment. A
weekly monitaring of average body weight, carapace size and survival rate of the crabs were recorded. Several aliributes wene
calculated & Follows (Y et al., 201 4).

Percent weight gain (W %)

WE = 100 x (Firal body weight (g) - Initiel body weight (3)

I'nitial body weight (g)

Fird conversion ratio (FCR)
FCR Dry voluntary feed intake

= Total Final body weight — Totel initial body weight

Specific growih raboe (SGR %)
i — 10 x U it bady weight (g} b Inicial bady weight (a}
- * Experimental duration in days

Protein efficsency ratio (PER)
Total final body weight — Total initial bady wel ght
PER = 100 x

Total emount of the feed = Protein content in the feed
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Survival rate
Final amount of crabs

Survival (%) =100.X Initial amount of crabs

2.6 Statsstscal analysis

To determine the effects of Pom-nang seaweed as supplementary diet and as shelter on survival rate, WG, FCR, SGR
and PER, a two-way analysis of vanance (ANOVA) were used. Once the sigmficance was found, Duncan’ s multiple range test
was apphed to identify the difference of each treatment.

3. Results and Discussion

The mean mstial weight (+S.E.) of the crablets was 0.022 + 0.003g. Formulation of feed in thas experiment was done by
using PSP supplemented in diet. There was no significant level of protein concentration for all dietary treatments (P<0.05) with an
average of 45% protein concentration ( Table 1). However. the control diet had significantly higher protein, 65%, compared to the
dietary diets. Water p during expert | period including temg salmaty, pH, gen, and dissolved
oxygen were 27 10 29 °C, 25 to 26 psu, 7.78 to 8.16, <0.05 mg/L, and > 6.5 mg /L., respectively.

Ingredient (%) PSPO PSP2 PSP4 PSP6
Fish meal 35 35 35 35
Pom-nang seaweed powder 0 2 4 6
Squid meal 15 15 15 15
Soybean meal 12 115 11 105
Shrimp head meal 10 10 10 10
W heat flour 199 184 16.9 154
Rice bran 11 1.1 1.1 11
Fish oil 6 6 6 6
Mineral 0s 0.5 05 05
Vitamin 0s 0.5 0S5 0.5
Total 100 100 100 100
Proximate analysis (Yodry matter)
Crude protein 44.06:1.97 45.46:1.05 46.5040.56 44.92:045
Crude lipid 9.484029 9.53:0.38 9530024 9.58+034
Ash 11.5140.03683 10.70:0.19 11.02:0.01 11.30:0.11

Table 1 Values of proximate analysis of nutntional values (%) of experimental diets wath different Jevels of Pom-nang seaweed
powder (PSP) inclusion in feed. Mysid shrimp; control diet, PSPO; PSP2, PSP4 and PSP6. Values with different superscript

letters within a same col are 1 By daff (P<0.05).

It was found that different diets had sigmficant effects on WG, SGR, PER (P<0.05) but not for FCR and survival rate
of the crabs (P>0.05) ( Table 2). However, crabs living with seaweeds as shelter had significantly different WG, SGR, PER, FCR
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and survaval rate compared to those without seaweeds as shelter P<0.05). There were mteraction effects of the combined factor
on WG, SGR and PER (P<0.05). Results from Duncan's multiple range test on the comparison among different dietary
treatments found that the WG of the control feed, shnmp, were sigmficantly higher than those of other diets (P<0.05) (Figure 1).
There was no difference among other dietary diets (P>0.05). Similar result was also found for SGR which the control feed,
shrimp, had sigmficantly higher than those of other dsets (P<0.05) but no difference among dietary diets (P-0.05) (Figure 2). For
PER, different effects from different dietary dsets were detected as shown in Figure 3. Average values for percent weight gain
(WG), specific growth ratio (SGR). protem efficiency ratio (PER), food conversion ratso (FCR) and survival rate (SR) of crablets
nursing with different diets and shelter are shown in table 3.

Seurce WG SGR PER FCR SR
PSP 1527316.527* 9.479* 0.844* 0.494 153.333
Shelter 985522 589 8309 1.327* 4.304* 853.333*
PSP* Shelter 328372.924* 2.955* 0.176* 0.155 136.667

Table 2 Value of meun square for

Welght gain (%)

2500

2000

RN

A

(P<0.05).

e
GRS

Y.
s

N

percent weight gain (WG), specific growth ratio (SGR), protan efficiency
conversion ratio (FCR) and survival rate (SR) by using two-way ANOVA. *within a same col

ratio (PER), food
ly diff;

Qsaes

Caontrol

Figure 1 Effect of diets with different Pomenang seaweed powder (PSP) level supplemented, and Pom-nang seaweed used as
shelter on weight gain of juvenile S paramamasain. Valwes with different letters on the tops of bars are sigmafacantly different

Specific growth ratio (%/d)

7

7
7

RIS

?7/"/ 7

D
h

7
7

(P<0.05).

Diet

Figure 2 Effect of dsets with different Pom-nang seaweed powder (PSP) level supplemented, and Pom-nang seaweed used as
shelter on specific growth ratio juvenile S paramamoasain. Values with different letters on the tops of bars are significantly

different (P<0.05).
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Figure 3 Effect of dsets with different Pom-nang seaweed powder (PSP) level supplemented, and Pom-nang seaweed used as
shelter on Protein efficiency ratio juvenile 8. paramamosain. Values with different letters on the tops of bars are significantly
different (P<0.05).

It is evident from this study that ng crablets with ds as shelter helps 1o impi ing perf based

i lugkm valuss vl'autul ps st i ludig WG, 5GR, PER. TFCR aunl susvival sate. Theisfus, the we vl acaweed & dmicfue
| n nursing The 18 that d will help to reduce stress from external factors such as light and self-
defending mechanism lesding to more effective feeding actavity. Ths finding is in agreement with Ut et al. (2007) who found that
survival rate of crablet with shelter was higher than without shelter (sand substrate alone) reared for 15 days from first crab mstar.

Table 3 Percent weight gain (WG). qxnfu. growth ratio (SGR), protein efficsency ratio (PER). food converson rano (FCR) and

survival rate (SR) of crabl g with diff diets and shelter.

Diet Shelter WG SGR PER FCR Survival rate
PSPO with 1345.40:290.38 9.49£0.77 209007 1.19:0.05 80.00=1732
without 851562270126 7.96:0.95 1.5320.41 1.6920.51 §3.33215.28

Total 1098504 368 95 §.72:1.14 1.8140.40 1.44:0.42 81.67:14.72

PSP2 with S10.912163.81 7.85:0.62 1.6820.18 176041 76.671528
without 991 854273.04 846:0.92 1.29:031 211:0.71 66.6745.77

Total 901382224 .44 8.16:0.78 1.49:031 1.94:0.55 T1.67£11.69

PSP4 with 1755.104535.17 1033£1.07 2304021 0.94:0.21 733318.77
withowt ATH16G2236.95 7185112 1.3810.22 2.02:047 03332577

Total 1214.604698.23 8.76:2.00 1.8440.54 1.48+0.68 68.3347.53

PSP6 with 894.26:232.49 8.1440.83 1.7620.15 1.44:0.17 83.33211.55
‘withaut 680.72+161 29 7.28:0.79 1724026 245:0.53 70.00:10.00

Total 787.492213.79 7.7120.86 1.7420.19 1.94:0.65 76.67=12.11

control | with 2168_10=80.80 11.1520.13 1.041027 1.62:0.53 86.67:23.09
‘without 1963.104154.87 10.80:0.26 0.84:0.13 2.48:0.25 63.3325.77

Total 2065.60+157.55 10.9840.26 0.94:0.22 2.05:0.60 75.00£19.75

Table 3 Percent werght gan (WG), specific growth ratio (SGR), protem efficiency ratio (PER), food conversion ratio (FCR) and
survival rate (SR) of crablets nursing with dillerent diets and shelter.
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Shrimp was the most effective diets for bl pared to the formulated Gets based on WG, SGR and PER.
However, there is no difference in terms of FCR and wm\al rate between shaimp as feed and other formulated feed. It 15 thus
suggested that using of [ lated feed is possible m 2 crabl famdcrabmdmry Compared to other studies on mud
crab, Zheng et al. (2018) found that WO ul' ile 8. par d from 2,606% 10 3.264% in 36-day wial with an
mitial body weight about 0.04 g which was higher than WG of juvenile S. p in in this experi (416.07% 10
2279.43%). A similar SGR with Ruscoe, Shelley, and Williams., (2004) found lhal SGR of § serrata from 10.35 10 12.68% day™*
m 18-day tnal with an mitial body weight about 0.02 g.

The use of seaweed as feed supplement had been done i many shnmp studies. Yu et al. (2016) suggested that juvenile
Litopenaeus vannamei had the highest values of final mean weght (6.5240.20 g), WG (2343.7+ 73.43%). SGR (5.7240.04% day
'), PER (1.3240.02) and FCR (1.59:0.02) when shrimp fed with diet supplemented with Gracilaria lemaneiformis 3% in 56-day
trial with an mitial body weight about 0.27£0.00 g Niu et al. (X015) revealed that the highest final mean weight (2.33£0.08 g),
WG (243.0948.11%) and SGR (2.2040.04% day ) when shrimp L vannamei fed with diet supplement with wakame at 2%
melusion level in 56-day trial with an mitial body weight about 0.6820.01 g. It was also found m this study that among formulated
diets, the crablets fed with the diets supplemented with 4% of d (PSP4) combined with d as shelter had the highest
final mean weight (0.42:0.052 g), WG (1,755.06:335.17%) SGR {10.3241.07% day ™) and PER (2.3040.21) than those of crablest
fed with PSPO, PSP2 and PSP6. This value inds that the i rate of Pom-nang seaweed ( Gracilaria spp.) in
the diet for crablets shall be 4% for 28-day trial with the c.nrbjuwmlg of an initial body weight about 0.0240.00 g.

. Conclusions

Itkmlwdlhld\riwis!hem:mbodf« ing crablets § par in and formulated diets
1 d with ds has a mnvluedlnmpnllbmhmcwvmh fi from the f lated dsets are
lower than those of shrimp. Tb:nnomecdnnassbcllnu 1al for blets as mdicated by all growth perfi
and survival rate. Additionally, the combi of udldwmdmfmmd&mmml%muudbdlwhgbm
values of all growth paforme and survival rate compared to others.
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