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CIIAPtrR I 

INfRODUriinN 

Thorn \\-\ J 1 1 way > hppn cons U I P ' l l i 1 P i rt t "̂ r P , I in f \r m i n i * r il in 
A u s t r a l la , P ipec l a l 1 y the mud r r a h S^jJ \a spi_r a t j , i I i i |i i I i vn. l , 
r ap id l y -g row ing crab w i t h a high mark ' t v i l u n . HOWPVI i , u n t i l rinw, 
gpnpr a 1 ignorance of c rah b i o I ng y ind appr opi i a t p ( u 11 i v 11" i pn 
Ipchnnloqy has prevented the i n i t i a l inn nl my s n i i n u , / p r i f u r i ' . 

This r e p o r t covers t h r e e c o u n t r i p - , in wh ich r r a b lo rm in ( ] ha'- i 
long h i s t o r y , a l t h o u g h i t has developi>d at d i f f é r e n t l a l i ' . and in 
d i f f e r e n t d i r e c t i o n s in each country. In Japan, modprn tp ihnolngy i 
u t i l i s e d tn mass produce m i l l i o n s of j u v o n i l e crabs for l i s l i p r i p 
r e s t o c k i n g (Chapters 2 and 3) . In Taiwan (Chaf i fpr ']), the r r a h 
f a r m i n g i n d u s t r y i s d i f f e ren t l a t Pd i n t o n u r s e r y , g t n w - o i i l and 
f a t t e n i n g opera t ions , and commercial ha t rher ips arc hning developed. 
Tn the P h i l i p p i n e s (Chapter 5 ) , w i l d caught crabs arp rpa red at low 
dens i t i es in i n t p r t i d a l ponds as a minor crop w i t h prawns oi mi l l ' f i -^ t i 

The r e p o r t is not a manual f o r i r ab fa i m imi in Au I ra 1 i i W i I li 
d i f fe r ing pt n l o g i c i l , soi lO-economic and I pga l env i romiipnt m i uh 
count ry , p o t e n t i a l r rab farmer^ in A u s t r a l i a inir I lip prpp.upd lu id i| t 
o v e r s e a s me thods t o l o c a l c o n d i t i o n s ( ( h a p t p r fi | and i I I n ; 
c o n s i d e r a b l e t i m e f o r t h e i r p i o n e n r i n g v e n l u r p s to bcromp spr KH I 
investment p ropos i t i ons . 

In fo rmat ion for t h i s repor t was gathered between \17P, and ig i ' l 
w h i l e the au tho r was r e s i d e n t in l ap^n . Obse rva t i ons of h a t i h e i y 
technology were made ovpr periods of several monlhs, spont main ly at 
the dASr A Tamano h a t c h e r y , Okayama I ' r e f e i t u r e , and I he P r f f p c l u r a l 
T i s h e r i e s f a r m i n g L e n t r n , K a l s u u m i , f u k u i P t e l p r t u r p . In n l t u i 
cen t res , f a c i l i t i e s were inspected and in te rv iews werp ronductei l w 11 li 
l e r h n i r i a n s dur in i j b r i e f (1 to /• day) v i s i t s . I r i p s wpi P inadp to 11 ali 
farming areas in the Ph i l i pp ines in I'lWl (1 weeks) inrl l i i w i n m 1 IHII 
and l^HT ( ( weeks), In fp rv iews werp (ondu i t i 'd wiUi n im • r i b l u m i i , 
or f r y r n l l e r t o r s in the Ph i l i pp ines and ?S m i i i w - i n , i w l l i w i t h 
several research workers in bol h count r ies 

A l l p r ices are quoted in loca l r u r r p n r i P s , that I ' i , lapanesp ypn. 
New Taiwan d o l l a r s (NT) and f i l i p i n o pr o (f). Ihp liini> I'Klll px( liange 
ra tes fo r Aus t ra l i an d o l l a r s were about A t l ^')0 ypn NI t i l l I'll 

ThP development of crah cu l t iva t ion 

For l e n t u r i e s , Portunid (swimming) r ra l is havn ronsf i l u t p d an iin|iiirt ml 
SPConclary crop in the t r a d i t i o n a l i n l e r t i d a l f ishponds nl A ' n llip 
most commonly c u l t i v a t e d crab is S c ^ l a se t ra t ^ i , whi r l i i^ r| i ,t r it iul p I 
throughout tl ip Imlo-West Pac i f i c Trom iv is lprn South Afr n a In Hawaii 
and from nor thern A u s t r a l i a tn snii thprn h p i n . I I is known i the mud 
01 mangrove c rab ( A u s t r a l i a ) , Samom i r i l) ( H i w a i i l , i l i i ' i i n g n 

Z 

( Ph 1 1 1 lip I n p s ) , t s a I Jim ( I a i w i n ) ind nrikog 11 i ) i HIM ( i gi in 1 
O r r i i i n n a l i t ten ip ts hive bepn inade il [icn I rr-arinf) Prit I nnii I I P I I J I ' M 
(Sand crab or bl i ip swimmer) and P. tr i tubei cii latus ( t in l i p in i • h im 
swimmer or i i a / i m i ) . Moilern hat rhory l i r h n i ( | i i p , ("i)i Poi I umi. ii ' </i I I 
advanced. 

P. gelagiCUS IS found over miirh thn amp i p o r j r i p h i i r i ' i i j» i 
Scy 1 la , eKlpnclTng fu r t he r i n to rn ld i ' r wa tp r , . P. 1 r i tuberc u lat u i 
Tciund in Japan, f h i n a , Taiwan and korea. Important fT~liër iPs tm a l l 
three species e x i s t throughout thP i r arpas of d i s t r i b u t i o n . 

O r i g i n a l l y , s tock ing of crabs and othor sppcies in fishponds was 
e n t i r e l y passive: s l u i c e gates were openpd at high t i de to a l low the 
f r y to enter . Greater con t ro l of the kinds and numbers of f ry s tmked 
was made p o s s i b l e by f i s h e r m e n who • - p p r i a i i s e d in f r y r o l l p c t i o n , 
s o r t i n g and d i s t r i b u t i o n . 

Despite t h e i r cons tan t ly high market va lue , mud crabs wpie, ami 
s t i l l a r e , o f t e n cons i de red to bp u n d e s i r a b l e lomponents of I l ip 
t y p i c a l mul t ispeciPS cu l t u re system (pn1ycu l tu rp) . This is because nf 
the ' t r o u b l e s o m e ' h a b i t s o f d e s t r o y i n g pond d i k e s , e s r a p i n g , 
c a n n i b a l i s m and damage to o t h e r s p e c i e j d u r i n g h a r v e s t . These 
b e h a v i o u r a l c h a r a c t e r i s t i c s r e g u i r e s p e c i a l p r e v e n t i v e measures. 
C o n s i d e r i n g t h a t t h e r e is a l s o w idesp read igno rancp of mud crab 
b io l ogy , i t is perhaps not s u r p r i s i n g that r rabs have npver a l ta inpd 
the same importance in aquacul ture as other species such a p r i w n ' md 
m i l k f i s h . 

In Japan , pond r e a r i n g of c rabs 1 , n e g l i g i b l e , hut seve ra l 
hatcher ies produce j u v e n i l e f\_ t n t u b e r c u l a t u s on a large s i a l o . Iho 
so le purpose o f t h i s o u t p u t is f i s h e r i e s r n s t o r k i n q the r rabs are 
r e l e a s e d i n t o the open sea in the hope of r p h u i l d i n g d e p l e l e ' l 
f i s h e r i e s , f h i s ' s a i b a i gyogvo' programme began in the Seto I s l a n d 
Sea in the mid-1960s w i t h res tock ing of ) i i ven i lp prawns A nat iona l 
ne twork of h a t c h e r i e s now e x i s t s c o m p r i s i n g 12 n a t i o n a l cen t res 
operated by the Japan Sea-Farming Assoc l a t i o n (JASFA), V p r e f e r t u r a l 
(s ta le ) centres and 11 semi-govprnmental or p r i v a t e h a t r h p r i r , whnh 
together produce 15 species of f i s h , H species of rrustacnans and in 
species of mol luscs. Research and some mass p rodu i t ion oT p i vpn i l p ' 
i s a l s o c a r r i e d out by the p r p f e r t u r a l I isher IPS Txppi iinpnl i l 
S ta t i ons . 

In Taiwan, research on crab c u l t i v a t i o n is liPing inndi iclpd by HIP 
Taiwan F isher ies Research I n s t i t u t p and Nat ional Taiwan Un iver', 11 y, in 
the Ph i l i pp ines by the South-East Asian F isher ies Development (en t re 
(SEAFDEC) Department of Aquacul ture, and in A u s t r a l i a by thp f isher IPS 
Researrh Branch of the Queensland Depar tment o f P r imary I n d u s t r i e s 
( f o r m e r l y (Jueensland F i s h e r i e s S p r v i r p ) md the I t n i v p r . i t v nf 
IJueens land. 
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Taxonomy 

Ui'aqrppmpnl s t i l l px is l '^ ovnr whPlhp' Ih r i r . iri> imp i" nm •• ppi IM 
of S c j i l a . I l i f f p rpn rps in ru l i i i i r , mnr plm |pf|y in I h i l - i l i l wi i • ii PCI I , 
'sfampâiTiir ( I 'M') , r i l p d by Motnh, \'>/U\ tn d i / i d - tin i ip iu I H I D I I I T I I 
sppc ips (se r ra ta^ , o c e a n i r a and trani i^npbarju i ) m d om' n 'w v n I P I , 
(j^prr_dta vd rT paramosa u i j . But This was i p | p r f p i l bv i l p p l u n nn inri 
rampbpTT (I'TftO) for Talk of quant i t a t i v p ev i i lpn ip . l o r im I imipn'-i , 
thP mud crab is d e s c r i b e d in Ihp 1 i t é r a i urp as h i ' l o n q i n q In (iiip 
species S. ser ra ta Npvprthelpss, Japanese rpsearrhers c l a im tha t •>. 
oceanica~Ts indi'Pd d i s t i nqu i shah ip from S. sp r ra ta main ly bv i t s -

(a) s o f t , roundpd f r o n t a 1 t e n l h ( s p i n p s ) , w h i r l i I j i k "n a HIP I v Ihp 
sharp enamelled spines of S r y l l a s e r r a t a , p l u ' o l l p i d i f f i ' i nni i s 
in spines on the legs, 

(h) d i s t i n c t ivp rpd-pink pafchps on hie i l i ' - l i p , even /Inn n u l l , 

(c) g e o m e t r i c p a t t e r n s on a l l I p g s a n d o n f h e r a r a p a r p v s p a l l P I P S 
on the rear legs on l y , 

(d) l a r g e r maximum s i z e o f more I ban 18 cm car ipacp w i d l h vs i 
maximum of 18 cm for S. ser ra ta . 

(e) hah i ta f d i f f e r e n c e s , § j _ o c e ^ i r a i i r p f p r i i n g hiql ipr . i l i r i i l i n , . 

( f ) l ower va lue (/OO yen / kg vs. 1000 yen /kg ) l ipcai ise of i l s wa te ry 
f lesh and unappealing f lavour of t,he hepat opam r pas (II Yamikawi, 
Tokyo Univ. F i s h . , p e r s . comm , I T H l , I I . l u s h i u n , Sb i /uoka I I ' t i . 
Exp. S i n . , p e r s . comm., n u l ) . 

Crab farmprs in Taiwan also rerocimse f h r p " v i n p t i p s nf ScyIJa 
thP 'sand c r a b ' , wh ich is l a r g n , a g g r e s s i v e and ' i r e a n u . Ihe r e d -
legged c r a b ' , w h i r h i s s m a l l , h a r d - s h p 1 l e d ami a g g r e ' - ' i v p . ind the 
'wh i te c rab ' , which is of medium S I / P . IPS aggrpssivp .mil i ^ l i i a r i n p 
(Chen l ' ) /h) . I hen assumes fhpy irp i l l of lire iiiv' ,ppi ip' 

F u r t h e r s t udy is requ i r e d on I In' I axnnomy of ' ic^ I I i I hi oi iqhoiit 
i ts rangp. 

ft 
7 

Japan S»» / 

'-P-Wi.i.r, 

UTtr—^M'N 

Tigure 1. Southern .Japan, showing prp f r - r tu rps of fuku i ( F i | , ' . l i i /u( i l , i 
(Sh) , Hyoqo ( l l y ) , Okayama (Ok). I l i r o s b i m . i ( I I ) , Yam ig iKh i (V).' I h ini. 

( t l , fukunka ( F ) , Saga (S ) , O i t a (11] ind N n i t s i k i (Mi 
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imn SIM) l'RODIirilON (Porlumis Ir if iiiierf ulal ir.) IN lAi'ftN 

llriMXlsforl' manaqemr'nl 

I a j ih i r f ()( iHwii"! s 

Mdl"i i feinalf i.ralis ran be caplurnd by m i l bdtlnm l r i w b > r , , l i \ c l n, 
f l n a t i n i ) j i l l - n e t s and crab pots t h i oughoul' spi nu) (Ha rch -Ma , ) uni 
summpt (June-Aurjust ). However, nuf l ï l ol U I P i v i i l a h l e l i r t e d i i u ) 
•••PajOn IÇ used f o r r r a b produr t i on . Bpqinnnu) in S(ir uu) nr ( M ' I \ 
"^unimer, iiinst h a t ' h e r i e s j irodure rrabs fur p r i iod> r a n y i n j from ! wf r4 
In no iiiorp than J inonihs. fhe rp ' i i a i n i nq inplhods are d n / o l e d 1 " Ihc 
p r o l u f l i o n of ot l iei sper ips , Pspp f i a l l y prawn .ind l i li 

For inurnpys of 30 inin or l e s s , c rabs are I r a n s i i n r l od I o 1 lu 
haf (her IPS in small p l a s t i c or polystyrene boxes (Oiil i in in i ) 'i In |(i I 
of water per r rab . AI wafer températures of JO"l and ahovp, p a w i l " i 
i r e may be add''d to the c o n t a i n e r . For lonqer lonr i ipys of 1 In '< 
hou rs , tanks uf up to 1 t c a p a c i t y are iir|.|) and a e r a t i o n ni ox / I | .MI ' 
l i r o v u i e d . I f r hp l . i p ai P f i n d to prevent l U | l i l i n ( | , i ih i \n n. 
r a r r i e d in I h i s way at h igh d e n s i t i e s (one i rab pet II 1 ol w i l " i ) 
w i l h neqlH|ib1p m o r l a l i l v . 

Spawners are e a s i l y i n j u r e d durnw i l a p l u ' p m l pn- I - r ip i m c 
h a n d l i n g . Lrabs w H h i damage'l pgq IT ITS nrp u ' . u i l l y M' |rMl iMl i , 
broodstork, but loss of one or even bii lh r h d a p doe nol rint es , i i i l y 
a f f r c t spawning a b i l i t y . 

On a r r i v a l at the ha lchery , the crab i re paintod oi I iqi)r d w 11 h 
an i d e n t i f y i n g number and arc held in lanks u n l i l Uu pcjg, aro n ir|y 
to ha t ch . 

Maintenanre of brood'olork 

F a c i l i t i e s . At the .lASfA lamano halchery, brnodslnrk rrahs i n - IK id 
I oiniiiunaTl V in an indoor ronr re te lank w i lh 111 (m ii l sand on Ihe but I niii 
and running wafi ' r 'jO rm deep. Hecaiisp I hi liniaU'S and IhPir nqip i n 
in c o n t i n u a l r o n f a r t w i l h the s u b s t r a l p , i l must be kepi in opi iinuiii 
r e n d i t i o n I h i s is ach ieved by d i r n c l i i i q Ihr^ f l o w nl wal PI iiid 
d e t r i t u s down I hroi igh tho sand, which rp , i ^ - on i I i I o hnt I inn I In 
w i l P t px 'hangp r a i n i ' g u i l e h i g h - ' i P I K / l i v Ihi 'i " i i n l i 
d w idpil i n t o 1 hrop , ind the f l ow ra I " I hi ou i h <• M h r .MMI. n I un M I i 
abnid 'II I /da/ 

In some i p n t r p s , h ioodslork ar i ' hi Id in ouldnor I i i i K A i h g i i i l ' 
rovpr is psspnt i . i l riot only for weather p r n l p i l mn hul i l M IO I I pmi 
oui s u n l i q l i l . Indoor lanks m g l a s - n n i f p d b u i l d i n g , i iusl a l n In 
covered. Ih is provpnts the growth of dialoi i i and othnr i l q n m l in 
sand and on thn pgiis. Algal growlhs i n l p i l " r p v/11 h i <io dnvp lojiiiipiil 

fi 

A c r ib produi I inn i , JC h' du li I i o I , ii\ 'h M m, M i i ii 
hal f hpr y r 1 1 -.PS ' hp ,vat ' r I niniiPi ) l u' ' i n I m m •• i I I m . ' i i I I 
March-Apr i l thp toiiiper al iirp i i i a d u i M y m t i ml l inm ihonl |o" ' < 
.•"O"! ovpi a pcM lod of H 11) 1 ' I IV l'i i i m ui i |P ' .•• | I I I m I I I I 
dpvplopiiipnl from Miv uni i 1 Min ''od ol l in pi loi ' i m i i . w m l i ' 
l upp , ' I 1 ma in t 1 inpi l i t iboul l"( I i I h' I ul M i l'i i I i i I m ' 
ha t c hi I y , whPi • t I IP I I ab , ' i o i "x t i n I i n I u I 11 i' nm ' , 
rpf r igc r i l Ion f ic 11 11 i i " .in av 11 1 ib |i loi ' 11 inq \i \' i i i lu nn.l I l 
tanks 

The crabs i r e usua l ly hpld at dpn i l i ' ol 1 Ig ' ' • Ihi ' u h i i 
ha l rhpry is ablp to m i m t a i n dens i t ic , ol up tu lO/m wi lH m i i o l i l n i i , 
f rom f i qh t 1 ng or ( ann iba 1 I sm. I h i s is made poss ib le bv n m o v i l i l 
pa r i of the movab le f i n g e r (dac ty lus) on I he rhe1 ipeds of a l l i r ah . 
Feeding is not a f fec ted as the crabs nrp given pipcp- of chopppd l i h 
which are eas i l y manipulated. In add i t i on the crabs am narU-cll/ P- , 
a g g r e s s i v e when in the b e r r i e d s t a t o . S u r v i v a l i l u r i n q In o "1 In I-
maintenance at famano is almosi flOX ( lASfA l l i l l l 

Feed. I d e a l l y , b roods to r k shoii Id be tj i vi o I I V P fond ad l i h i l u m o 
Tiîâr the lank is not foulpd by dpiay ing uneaten food I im imi pmvidn 
short -nprked r lai i i ' ' lapPS [Jhjl ippi j iarum, ma ml a in inq 1 In S kq nl 1 wp 
rlains in eai h tank ol 10 to ?'i c rab j . f ' r i i p ind i v i i I il i I 11 v i l I ii i 
species irp problems in olher cent res , ind I IIP iip.il ol i I im^, ov l i i , 
mussels, markp re l , horse-mackerpl or ,anil I loi p i , nv^n i n ' i i i d 

Mom t o n n g egg deve lopment . In e a r l y M ' ^ ' " ' ! . ' ' " ' lAM A I im mo 
hatcTiery r e r e i v e s T imale crabs be fo re t he i r egf|s havp been exi iudnd 
(spawned). Spawning normal ly occurs a l l e ' 10 Io /U days' rear ing al 
2 0 " to ??"<: f o r crabs lauqhf in March, and a f t e r 'i I " 10 ' l i y I'o 
crabs raught in A p r i l (JASFA n n O ) . f r om l a l e A|u i l , urn I I M O I I I 
crabs are a l r e a d y b e r r i e d , tha t i s , the eggs U P he ld iindrr 1 111 
abdominal f l a p before hatching. 

In a l l r e n t r e ' , broodstork are selec lpd lo r l l i p i r i nnp i i l i i n i l l h 
and a c t i v i t y and r n n d i f i o n of 1 hP egc) mass i t mii I bo f i i m . inumlpd, 
of ye l l ow orinqp colour and f ree of i l l ic In rl nrg m i m 

In handl ing ber r ied crabs, f nns idorab le care i , laknn In minnii isp 
damage to both handlpr and r rab . A tonvpnipnt ha im" , u l is lnonpd on 
each r r a b bv t y i n g WICP around thP lonc) sp inps ol I hi ' u a p a i i .ind 
f o r m i n g a loop to w h i r h fhe c rab 's numtmr i i t i i r h p c l f i i lno|> 
pro jec ts above the sand whpn fhp crab is bur ipd md o i n d i / n l u i l v • 
eas i l y i d e n l i f i P d in.t ran be c lught using i long ho it 

Embryon i r development f rom spawn in ij I o h.il r h i n i u' u 111 y I iW>s 
f tom ?n to 7") days (SISFFA 19/8) and is chpcked i l i i l / Ihr pgq , 
qradua 11 y c hanije c n l o u r f r om orange I o bi own I o b I ac I I vnnl ua 1 1 y, 
the dark eyespo ls and bea t in i ] hear) of I ho pmbryo i ,in IIP oh i i vpd 
m i c r o s r o p i c a l l y . Later , d i s t i n r t i v p rpdd i , h -p i u p 1P p rnn i s H M I t,i-
p r o b a b l y the anlonnae a p p e a l , i c |na l l i i i c ) I hn - l u i nf h 11 i h i n ) in 
three days. 
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I h h U mil |iro( iMijr < ' 

HiKri hal rh inu i . imm i i T ' i i t , i ' . uv) i • \ l 'MI liv f hu M l >> nf i r'hr / n i 
ili'Vnliinineril desc r ilieti above, t l " f ' r i . i i ' ( r ili i p l i i T l in i il u I \\< I 
iir coviTcd f i t i reu la . • ; - re i n f or I I il | i l i i n ( i r i ' l I inl- ('i ^ tn i M 
Moiierate aerat ion is proviiH'i l Hu Hi'O h im i l i hi r u ' i p i i i m n l i l 
Slal inn also provides a slow exctianiip nf V I ^ T 'M Irimino, M I I I I V 
(Brarh loniis p i i r a i 11 i s ) a r e a d r l e d , i t a i nn, f ril i i ' i on i ' ' i 'n i l , i 
loot! for Qu' newTv hal i tied larval 

Norma 1 ha I ch ing u s u a l l y o( r ur s' In I WPPO fl p.m. and m uln ig l i t mi l 
always before sunr ise. Iloxt momin i j , the spent female i i lo luroof ) lo 
the broorlstork hold ing tank and I he l a r v i e o e 'ounted and t r a n s f " i r e d 
to the rpar in i j tank, fgg ha t rh in i i t , i t | i r i i . u a l l v ' l o . r ' to IDPl. I I 
any abnormal i t ies are ohserveri, ••uili as lai I of p h o t o t a c t u re uun'•> 
or unusua 11 y sma 11 s 1 ?e ( less th. in '1 h'. mni w n i l h ) , i I 1 of I h " i n v u 
of thai batch are re j ec ted . 

the numbor of /oea . l a r v a ' l / j ) pr orlui pd dep ' nds on t hi ' i -e o l 
the female t r a b , w i th 1(lf) g rrabs pi odm ing alioiil 1 m / , , 'pu g i i i l 
? m Z) and 1 kg t r a b s i m Z j ( j l S F i n 1978 and l u k i n I T H l i ) . ( rabs 
w i l l spawn three or four t imes in one season, bul berause the ip j in l i t / 
and g u a l i t v of the eggs and la rvae i l i>c l ine w i t h eacli spawnii ic, lo 
l a p t i v i t y , Tiost b ioodslork are used only orire. Uie Tuku i ha l rhory i 
i b l p to use the second s p a w n i n i of inip )f I ' s l i o ' i d s t o c l t i i i ip 
between hatching and the next e^ t rus ion of r g g , is from I I o 1 »(eek 
(Fukui n u l l ) . 

In g e n e r a l , the l a r v a e f rom d i f f e r r n t l e m a l o , are not - n a i p d 
tnge thn r , berause o f p rob lems tha t miv n r i s e f rom d i f f é r e n t i in 
growth r a l e s and moo 11 i ng rhv thms o I cp'ool i r a I I y d i t f e r n n i I i r vae 
However, f o r l a rge r e a r i n g tanks ( f o r examp le , the '00 I tanks i t 
lamano), two or more females may he needi^l to prov irle nnough larvae, 
Fach year, the ha t rher ies must buy many more .pawiipr than a r t u a l l y 
needed, t o ensure l a rvae w i l l b" a v a i l a b l e whi'n r - ' g u i ' ed dur ing the 
season, in i ')8tl the r a t i o of spawnor ' u* r»fl to b r n i n l s l o r k he ld was 
t.'V at famano, 18 ( i m ludinq 1 rnppal .) /', i l the tuku i h a l r h c r y , and 
S.4S, ? IS , ami 7; IP f o r the F i s h e r y Fxpei i mi i i l 11 SI a I ion'" o I 
H i rosh ima , Saga and Fhlme P r e f p r l u r e s respo i I ivp 1 / (da / HIM .PP I I 
Product ion Researrh l on le ren ie I'lRII). 

Larval rear ing 

At 70" to / " I 'V f;or_tuniis t r i t ube i r u la t us pas es I h r n u i h l.Mir UP i 1 
stiges (Z^./)) of t to '1 days each and ono iiipgalopd l a r v i l •" t igi i l l ) ni 
•) to / d a y s b e f o r e mela i i io rphos ing l o l he f i r , I ) i i v e n i l e i i a l i l a o " 

( • | ) -
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Proituc I ion far i l 11 les 

H e a r i n g t a n k s . There is ' o n idp i i|i I p / i r TPI / in i h i au u 11 , in I 
di'S I jn o f~ l anks used f or rp I I • ng f I ill l a ' / IP. Pi i i i I i i ' i i ' i i > v 
r x p e r i m e n t a l ' ^ t a t i o n ' , f or wh 11 h seed pi nduc I inn i n i l i , i im n / 
Iun r l i o n , have re la t ive I / ""ina I I to l a I i par i ui • ipai 11 n s r mg in , h mn 
7') I (bbui ie) to ^01) I (Hi I ' h ima) Iho I w i m i ' M n il> pr idii ' mn 
centres a m sper ia l isec) as hatcher p-"-, v i l l i H IP H . I A I IUMIMI ipc i l r ' 
aav ing four P{)U ( t ink , f o r c i i l i 1 n v.i I i i ar i n i iml i n f uku i 
P ré fec to ra l f i s h o r y Fanning ( p n t r e , I wi Uc / ' i I l an l ' , 

l i n k s are made of r e i n f o r r e d r o n ' i P l c , have i p i ' i n j u l a ' , round m 
o r t a g o n a l shapes, ra i i ' |p \n s i i ' e f rom 1H I l o ,'i in I , and a r " l o r a l e l 
p i t h e r outdoors or ins ide a g lass-roci fpd l i u i i d i n g I i i i i - pl /'. In l i ' i l 
t wou ld seem to be the most conven ien t ) 1'r I h e / r p g u i i i on l y IMP 
spawner to p r o v i d e l a r v a e , are more labour e f l n len l I h i n sm. i l l p r 
u n i t s , and , in rases o f mass m o r t a l i t y , i p u 11 m moi p u ' p p l . i b l i 
losses than in la rger t i nk^ Round tanks U P dc'^ir ih |p line m i h, 
absence of c o r n e r s where l a r v a e , food and d o l i i l u can arcumu I i '< 
However , they u t i l i s e f l o o r spare l i s , i i f n i e n t l y 'han rpr i imiul i> 
tanks, 

Seawater supply, the lamano h a l c h e i / i Im I'pd on i hp no i ' l i p rn hoi 
TTf the r e n t r a i p a r t of t he Sel 0 I n I ind ,r i Wale» mour iiipii I I In niii|h 
t h i s sem 1-enr losed basin is VP» y ir< t r i c l i ^ d Sp, j l fhou ' ih l i n t i d i t y 
caused by waves , t i d e s or m r r p i i i i not a p i o h l ' m . i n i I i l 
r e c l a m a t i o n , urban and i n d i f t r i a l p o l l i d i ' i n , and ap n u l l n i l i m o i l 
throiicjliout the Seto Is land Sea hivp rp u l t i d in conl i n m l • i l l m i icd 
eut roph icat ion (arc umu lat ion pf mineral and nr i in ic n u l r i p i i l ). 

However, m i l d PU tr oph u a t ion is nol rpciardcd i H i n o l i l i n led 1' 
be l ieved to have had a h e n e l i n a l p f f c l on l i hpr n - ( l i l i r - i I'l ' I ) 

Seawater i n t a k e f o r I hp lamano l i . i t c l i p r / is l l u n u i h ' wp II rm 
d i ime te r PVI pipes extending lb m offshore", lor l a c v i l i ' i> i m i , i / i l i i 
IS passpd t h rough a ^and f i 1 tpr , wh i r b roclui >• I In • nm i nl i i i i iin ul 
suspendpil s o l i d s la rger than U) u lo '' l o , ' i ppm Ihi l i l t i i h i lo In 
cleaned by backwashinq fo r / hour , pvPi y 'i d i ys . 

Wal er g t i a h t y management 

femperat ure. Iwo methods are used lo heat the l i l l i ' i p c l rpa r ing walpr 
at lamano," Iwo days b e f o r e t he a d d i t i o n of / i l a c v a o , I liP r p i r i m i 
tanks are f i l l e d to throe guar le r rapai i t y and rlie walci i d i r p c l l / 
heatpd to ?l"C by steam forced throcicih pipes ,usppiidpd m lh> i ink 
When water pxrhange is s t a r t ed a f t e r i fpw d lys of r i u niu, Ip in pre 
heated water is drawn from a ?Oli I resc i ^ i I,ml-, v l i i i i i i i i n h, I ' l . l 
by the same steam bo i 1er ( I "1 IHIII kc ,i I / liuiir ) I In p > • nlioii i l i t ' 
e f I ec t of the c| l a s s - i ouf Pcl i par inc] . h i d hp I p In ii i i nl i i n i • n i i i , | 
water tempera! ore'- , w h i i n I he d i r p i l hea l in ' i , / I PHI I i l n I I I I I m 
hrn>f pprioci' ' dur ing r p a i i n g f<rr I irn 11 mpi , i l ur i l u n l i p l 



P l a i n 1 ( i i l t i v a t p d mud i • i l i , ' . l y l l a s e i r a l a i n i a i w i 

10 

I n tui I o l h»^! i Of 11 m f I , t i ' i ' i r | ' in t n i f i n v li w 
pr od i(( I I on "> I ar t s 1 a I " r m M n i i in I n n 11 In i ' in t w 11 
I P m p o r i t m n r a n l ISi- t o M' ' l in MIIIMIH r A / l l h n i l j l ; l o i i i l l i l l i l n 
t h i l a i V ) " 

S a l ^ i n i j j ^ No a t t o m p t is m i d f l o l o n l r o i l i n i l y i in >< I 
h l l r l i o r i o i n d m r i n ( j w i t n r i • oniiii in I , in I In r i nji i i| l i p) i 
Ü u n n q t h p r a i n v S P a s o n , s a l m i ' y i n i m n n ' n l n u t I n n . I m l if I n n 
d r o p s t o i'! p p ' , b u t t h i s i s i p p i m n l l j w i l ' i i n I In l i i -r im i i in |' n l 
t h e l a i v a e . 

pH. pH o f H\p r p a r i n q w a t p r i ' n o r m a l l y a r rn ind B I , h id i m / n / l i m 
a b o u t B.fi a t t h e s t a r t o f c u U i r n I n i l ow o f 7 ?, w h i i h n i y n < m 
w i t h w a t n r d é t é r i o r a t i o n due l o d o t r i t a l d iTomiHis i l m n |n h i l In • n 
w h e r e p h y t o p l a n k t o n i $ a l s o g r o w n i n t h e rea r inr j w a l o r , pH may i i " ' n 
a b o u t 9 . ) d u r i n g p p i i o d s o f m a x i m u m p h o l n s / n t b p f am) l e l l 
r e p r o d u c t i o n . The o p t i m u m r a n g e l o l i e l i e / n d t o I )P 8 t o H.'-> ( M i n i m 
1 9 7 6 ) . 

O x y g e n . As w i l h p l l , d i s s o l v e d o x y g o n 1 P / I - 1 S (DO) i m m i ' ' w 11 h 
p l i o t o s y n t h n s IS and a l g a l b l o o m i n g and p i n l . i n t h e l i l p a f l i ^ i n n i n P(i 
s i i p p r s a t i ; r 11 i o n o f t h e w a t e r i s i i i m m n n , h u t i f i l n v i i . I | 1 9 , 
v i g o r o u s a e r a t i o n m u s t he a p p l i e d l o p r e v e n t I n n Im i n ' r p 
S l ' l ' n e s s ' . I h i s i s t h e o c c u r r e n c e o f b u l d ' l e . i i n i l i r I I K l i i v i l 
c a r a p a c e c a u s e d by o x y g e n c o m i n g o u t o f s o l u t i o n i f l n r pa m o i n l n 
t h e b o d y . A c c o r d i n g l:o Nanbu ( 1 9 " ' b ) , a e r a t i o n r a t e of I'i I n ,'0 
L / t / i i i i n w i l l k e e p 00 b e l o w 130%, e v e n i t r b n ^ e phy f op I ank I on 
r o n r e n t r a f i o n s . 

L i g h t . I t hab b e e n d i s c o v e r e d t i n t a i l p q u a t n l i g h t i s n . s f n t i a l f m 
n o r m a l l a i . a l d e v e l o p m e n t , i n i d r l i l i o n t o h e i n i i a p r e r m p i i ' 11 < I m 
l a r v i l r e a r i n g w i t h p h y t o p l a n k l o n . t he H i r o s h i m a l -xppr imi n ta 1 s i a t m n 
f o u n d t h a t m d o o r r e a r i n g u s i n g a r t i f i c i a l l i g h l ( 1 000 lux and I n s , , 
f o r f l i i o r e s r e n t ) r e s u l t n d m l i r i j t m o r t a 1 11 m s m t h e z o n a l • ' t i r i e ' 
I he lamano h a t r h e r y o r i g i n a l l y h i d in I PP l o o f w h i i l i a d m i l i n d n n l y ! i ) i 

o l n a t i i r i l l i g h t . f h i s was m i I K i d l i y i l i i r g I i , , wh i i h 111 i l lu i 
o f 1 un 1 i g l i t l o n g p e r i o d " " o I i v i r i a t w e a t h n r i an i n I i l i i '. 
p h / t o p l a n k l o n g r o w t h t o t he e x t e n t I h i l t h e l i r v a l r u l t u m ( i i l On 
t h e o t h e r h a n d , h i g h l i g h t i n l e n ' i l m s o l up t o " l O ODP l u< i n m i d 
summer cause t h e d r a s t i r m c r e a s s s of pit and IMI i imnl l onod p r n v i o u . l y . 
To h e l p c o u n t e r a c t t h i s , o u t d o o r t a o M s may be c o v e r e d by s c r p n i i s n f 
b I a r k ne l t i n g . 

W a t n r c i r c u l a t i o n . C i r c u l a t i o n i s a r h i e v e d I h i n u g h wa te r e x i h a m i e , 
ar^r i T i o n an J m e r F a n i r a i s t i r r i r i ( | . I t , n r v i > s I n m 11 n t a in IIP l i ve I , 
e v e n l y d i s t r i b u t e l a r v a e and f o o d , i n d a i c i I m 111 di i ni i i | io 11 m n m 
d e l r i t u s and l e f t o v e r f ood 

Wa te r exi hani jp at t he lamano h a t i h e r y b n o i n i i h i i / ' uj i w i i i 
about 10 Ï o f m a n o g w a t e r b e i n g m p l u n d I n l y O l l u r M r d r n l i y I i 
m i i n t a i n p o p u l a t i o n s o f p h y t o p l a n H o n and nn | i l i n H n n t MHI p " i <• 
t h e w i t e r and p r a r 11 sp s t a n d m o w a t i r i u 11 m M n nu | h m i I I In m i i 

—^.MÊmmu' . 
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•• ̂ f^qr' , . T r r)in Mi-^ fii>f) i nn i P'! n* n* i i I njp-i jU> n i l l • ' ' nr t t i 
pr F | ' ,u f I f r 11 ' f n f M- I ' ui<- I r ,1(1 iM I I i K , I ' , 'II I i ' I' i ' I i i l I i i. 
inu I I I " r p[i I,i( pti ' I ' l l 

r h ' If II 1 I ini'f ' m i l ) t | ( ' i t I I fHi h i li "11 11 II , ( ' ' ipt 1 

1 1( hni iq ' l f he I I n n i ' rlM/J I ri ' II 1 h 1(1 /f I l( 1 I ( (n 1 II 1 t ( !|( I 1 i i 

î ' pd l (̂  1 tl 1 (1 / " i " ( I l L W , ( i p . K i 1 V 11' II 1 1 ' II (1 I I 111 ' 1 I '1 11 ' 

r i r r i i l J' i i n r f n i i l 1 (| PVl p inc ( I i KIKM < i '"i m (, |i( i I u i l i in I ' mii) . 

f l i n f l i i r u o l I he '00 I r i i a i i m i I l r l^ • - I dp i I 1 , , K ( 11 11 l i c i i ' I . 
S U p p l i r i l PVPnly n i r u i j ( | l u i i i t I hp L i n k , hu l p l u . in. i l . | l i <•• <i , i i r 
s lonps IS d i r t a f p d hy I dnl ' ( o n . l r u i t i n n 

r i i p o p t mm 111 i " r J I" 1 on r 11 P ( l ^ p p u d ^ (in I he I v [ ic P I I i-i I- , r i ( i i m) 
d P n s i t y , r p n ' l i l i o r i i i f phy l a | i l I P I I (in |)ii(iii 1 i l K K I , I yj ip d l l mi l i I n. i „ 
dPdd) and U S P of ni (i^n ir m 11 ! •>! , I K K I (H I C I I I I I .. i "1 . * 

h i S t r h e r i P ^ do not i n p , i s i j r p d i r ( h i w r i l e h u l rii..i . i , .u i i l u i m u ]' i 
a t M r i t i o n t o p i o d i j c p g o o d w d h i i i i ( i \ / ( i inpri i n m h u ( l i / h ) l u u n i i i i 
f o l l o w i n g PTtps t o g i v p a d e i i u d l " w ^ l u r move i ic i i l w i l l h i I hm t |i ' * 
l a i v. io / J s i j i j u , ') I o i n I 1 I , / 1 w . i l " r 'm 111, , , I P i i , I n l i I . 
L / t / i n i n , -ind mpg^i lopa s l a g o , ] | , I n ,'() ' / ( / i n i u \t > of U M I lu i M i i f u i 
n e r e s s i l a l p<; t iK jhPr r , i t ps of H I n 4P ' ' I m M I U I f l 1 il <li i i i . i l j u i , 
p e r s . foni i i i , 1 f/P.) 

f h c I i i n i ' i no r t f i l l h.i f r h( i / -v i . ' lu I i • I i n u • i n i 'i n i ' i 1 
st 11 1 u r i i r ' Ki 1 t . i l o r ' I o ,!••' 1 J w,i l m i u r u I i l i i i l l u i | i | . u i l i i. i 
,1 I l l r l d P ( 0 . X H 111) rl l I Jf h (1(1 i l l 11 I I h i l l ' "1 (,| 1 1 . I l l 1 1 1 I I.I 1 I i n I 
s h ' i l t . h i i r t n i T MiP f i r ^ t I l i r u c pud I I i()( . ' hu • i f f I n l I i tn i 
onp r p v o l u t i c i n ppi m i n i j l p l l i i i<. u u » . i . d I i 1 ', . \ n m I . 1̂  
and ^ r p v / m i n [ n r Ihp H and I ' I i i | " ; 

M K r o h IP l o g I f i l w a t e r f j e a N i p n l Mo I i p n l r ( r " l / in i i l i > 
r i r c T I a f Ton anf j t h p i i i l m l "nJ in r p n f I ,i i r I v dun u | in |u i I i ' i m i , i I in 
q r p p n f K i ( ] ° 1 l a l •-•• phy f P | I 1 . ink I on i l i l i i t i l l i p I ur v i l . i nnd 11 m u i m i 
IhP l l g . t p ruiMOVP p n f P n t i a l l y t ' i < i r n l I i iKiunnn du I i h n l i l i f iiin.i m i i , 
n 11 r 1 f p) K i l l r .11 h on il i n / i d p , vh i 1 u pi ov i d i m i n .. , j i u in I pn i h I 
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with somp riddpij n i l ra ins .ind p i io .p l i i l i .nvt Ui i i ud n i l .n v hv 
produit (it <;(iy ."^(K P in inii*^ K I ur 
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' In c o n t r a s t , the Tamano hatchery /1OP5^ not 4 i t i 1isp_phytop1anktnn__ -f 
at- -a- lJ_fDr_«ater c o n d i t i o n i n g . Ins tead, water exchange is i n s t i t u t p o 
f rom Zo and a s o - c a l l e d ' m i c r o b i a l f l o c k ' of b a c t e r i a and y»( js t i_s_ i 
added t o t he r e a r t n t p T ï a t ^ r . ~ <it -4fK-ompo6-ir>^ crrgaoic maEter anc j 
u t i l i s i n g d i s s o l v e d o r g a n i c c a r b o n and p o s s i b l y o the r l a r v a 
m e t a b o l i t e s , the ' f l o c k ' a s s i s t s in wa te r c o n d i t i o n i n g and n u t n e n ' 
r e n e w a l , and is a l s o i n t p n d e d t o be a food s o u r c e . Twenty t o 2S L or | 
' m i c r o b i a l f l o c k ' i s added d a i l y to the 200 t r e a r i n g tank w h i l p f m i 
wa te r i s be ing heated b e f o r e the s t a r t of r e a r i n g . Then, 2b L o f ' 
' f l o c k ' IS added d a i l y throughout the zoeal stages. This was reduced ' 
to 10 L i n 1981. - , , 

In both phytoplankton and ' f l o c k ' systems, the water c o n d i t i o n i n g 
g)r;ganism_s_ are eaten by zooplankton, which are provided as food f o r the 
ci^ab " l a r v a e . l E î o c k ' p r i i \ n d e s s-ome n u t r i e n t r e c y c l i n g and is an_ 

^ a d d i t i p n a . l f ood i t e m f o r t h e zoeae t h o m s e l v e s . Pro tozoa àrp a l s o 
though t t o be i n v o l v e d as i n t e r m e d i a t e food sotTrces. Thus, s i m p l e 
food chain? susta ined by regu la r inputs are es tab l i shed in the r e a r i n j 
tanks . 

I 
E x t r a n e o u s o r g a m sms i n t h e r e a r i n g t a n k . A t Tamano, d a i l y 
o b s e r v a t i o n s are made o f d i a t o m and p r o t o z o a l e v e l s in the r e a r i n g 
w a t e r . A l t h o u g h they are m o s t l y ha rm less i t low d e n s i t i e s , p x t r a 
water exchange is considered necessary i f they exceed 5 000 co l l s /mL . 
Diatom genera commonly occur r ing dur ing rea r i ng include Chaetoceros, 
Eucampia , N i t z s c h i a , R h i z o s o l e n i a , C o s c i n o d i s c u s , Tha lass l o s i r a , 
Leptocy lTndrus, B a c i l l a n a , Skeletonema, and Grammatophora. 

Organisms t h a t grow on the l a r v a l ca rapace , such as the d i a t o m 
l i c m o r p h o r a , the c i l i a t a V o r t i c e l l a , and f i l a m e n t o u s f u n g i , o f t e n 
occur at low temperatures and in d e t e r i o r a t i n g water cond i t i ons . They 
tend t o i n h i b i t m o u l t i n g a c t i v i t y and i n c r e a s e m o r t a l i t y due t o 
cannibal ism. 

On the w a l l s of the rea r i ng tank, there are o f ten many barnac les , 
a s c i d i a n s , and the green a l gae Entermor-pha and U l va . These r a r e l v 
cause any problems apar t from necess i t a t i ng the scour ing of the w a l l s 
w i t h a high pressure water hose a f t e r harvest . This usua l l y takes two 
man-hours f o r a 200 t tank. 

Occurrence o f c o l o n i e s of hydrozoans can be a p rob lem as t h e j 
compete w i t h tihe c rab l a r v a e f o r A r t e m i a n a u p l n and o f t e n , a f t e r 
detaching from the tank w a l l s , i n t e r f e r e w i t h l a r va l movement. Their 
numbers can be reduced by handing a net in the water f o r a day or two 
(Magu i re 1979). 

O ino f lage l l a t e species ( f o r example, Gymnodmium, Noct i luca and 
Heterosigma) occas iona l l y appear in a hatchery water supply. Red Tide 
outbreaks have o f ten occurred in the Seto In land Sea causing f a i l u r e 
or suspension of l a r v a l r ea r i ng . 



n 

1 recen t years an i n c r e a s e d emphrisis on w î ' e r i j u a l i t y c o n t r o l 
e a t l y reduced the i n c i d e n c e of s e r i o u s p rob lems caused oy 
•able organisms in the rea r ing wa'^^r. 

iq r e q i m e s . T a b l e 1 shows ' « e a i n j r n o i n e s ' o r s e v r a i 
n e s . The p r o v i s i o n o f r o t i f e r s (Brach lonus p i i c a t 11 iS) d ' 
t r a t i o n s of 3 to 10/mL t h r o u g h o u t the fou r zoeal s t a g e s , i s 
d procedure. A m o d i f i c a t i o n of t h i s can he seen a t the Fukui 
y where , f o r 2 to 3 days b e f o r e th» Z^ l a r v a e ha tch o u t , 
s are c u l t u r e d in the r e a r i n g tank . A f t e r the i n i t i a l 

i t i o n , the r o t i f e r s m u l t i p l y r a p i d l / , feeding on Chlorp l la in 
er. More are added only i f numbers dec l ine suddenly. In the 
r o t i f e r s have been f r o z e n and s t o r e d f o r use in ex t reme 
es. At Tamano, s m a l l - s i z e r o t i f e r s (IbO to 180 u) arp cu l tu red 
e a r l y zoeal s t a g e s , and medium s i z e r o t i f e r ^ (160 to 200 u) 
Z i and Z4 s t a g e s . M i c r o b i a l * l o c k i s p r o v i d e d f o r a l l zoeal 

a supplement to the d i e t of r o t i f e r s , newly hatched naupl ius 
of the b r i n e sh r imp A r t e m i a sa I ina are g i v e n f rom In or I •,. 
"ing p r i ce and unpred ic tab le hatcmnq ra te of eggs have caused 

1 r e d u c t i o n in the usage of A r t e m a as a l a r v a l f ood . T'le 
a t che ry p r o v i d e s them on l y when the r o t i f e r supp ly is 
t e , and surv iva l rates havp nni no t i ceab ly dec l ined . Iwamoto 
9Ö) found that a d i e t of ' • o t i f e r s alone was adequate for a l l 

ipS except Z^. 

l ie hatcher ies a lso feed the zoeae on l i q u e f i e d organic matter 
| i n g of b lended f i s h or c lam meat , soy cake a n d / o r mar ine -G. 
I t u r e also serves as f e r t i l i s e r f o r diatoms which bloom in the 
iwa te r . 

i"" Z j or Z4, macerated meat of euphausid or other smal l shrimp 
I ana the short-necked clam Tapes phi 1ippinarum is g iven. At 
; f ro2en clam meat is imported from Korea and smal l shrimp from 
ï i n o r t h e r n Japan. The f r o z e n b l o c k s o f meat are s l i c e d and 
^ n heavy-du ty commerc ia l mach ines , then washed and s ieved 
Hwo nets (mesh open ing s i z e 860 u and 140 u) a t t a c h e d to a 
- The larger p a r t i c l e s of meat are then blended at high speed 
t e r b e f o r e be ing s i eved a g a i n . F i n a l y i e l d o f meat in t h i s 
•se is 35 to 40% of the o r i g i n a l . 

«"•al other species have been t r i e d unsuccessfu l ly as food in 
J inc lud ing oyster l a r vae , f resh mussel and pear l oyster meat, 
"nes. These are found to be unsu i tab le because of e i t he r the 
- p r e p a r a t i o n r e q u i r e d or prob lems w i t h f o u l i n g of the w a t ' r . 
• b i l i t y of copeponds, a r t i f i c i a l feeds, and other a l t e r n a t i v e s 
l a and Brachionus is c u r r e n t l y being i nves t i ga ted . 

JL 
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Pot i f e r s and br in» sh r imp are a i ' in onue or t AI , ' > c i i 1 , , w-i ' 

thp neat r a t l i n i s spi cad over 3 to o " o p j ' n q p T M ^O in p i ' 

' ' o c l i nq . 

r j l t u r e o f Ch l o r e 11 a sp. Must >' " .n .o r f 1 la p m i i c ] b iT< 
hatcher ips is jsed ïïTroMfer c u l t i y d ' i o n 3°rci i is i i-ne '"oti '"er-. I ' P 
also fed to ochor speries being grown, - n r ' i j d i n j ra(' s t j ' r i a r ^Paqrus 
maj J ' ) and prawn'- (ppraeus l a p o m c u s l , t i =• i M ' l y r^^gu n e-r^nf I c r 
«•utTTsrs, and h e n c e T h l o r e l l a , can be hug'^. I j - i anc r,is * J Ü ' JP I 
tan<^ "or Ch lo re l la p r o d j r ' i o n , »/hilc Mrus i i t r a and FJ1-J I -la. ' *n .r 
ino t ta rks i-^ ' i / e lOü t t a n ' ' : -psppr , i , / i i , 

The C r l o r p l 1 a - r e a r i n g wa te r t ' j ' -> = n / ( a te r ' ) i s e r r r ipd ^^ \ 
commerc ia l r e r t i ' i s s r s , u s j a l l y uper p n o ^ p h a t e , i j r e o . a t i i i om ' 
sulphate and tDTA, in va-y ing propo'-t^ons r* spending on the harrne^v' 
At Tanano, t he f o l l o w i n g amount i ir^ adp^d o r t o n ' » o' i l t " r u H 
seawater d i l u t e d to In ree-quar te r sal n*-v (aoout 2'' p p ' i -

(NH4);S04 - 50 0 g 

Ca(H2P04)2 - / . 5 g 

, C0(ilH2)p t -^-^ 9 

EDTA - ' l .b g 

matine-& - ?.0 g 

For Tiore r^^pid c u l t i v a t i o n , p o t a ^ . i u i ' n i t r a t e (^Np-,) anc' 
po tass ium phosphate (KHiP04) '^'"^ ^^^° added ( t h e p r o p o r t i o n s "c'r t P " 
other ing red ien ts are a' ' fered in t h i s case) 

Al tnough Cn l o r e l "' a i s tne " la ip a ' j a ^ r o s p ^ t , c r n * > i i i n a t i o n b 
otPui f l d o s l l a t c spocies inu lud in t i Chlamydomonas, d i a f r n s ( e s p e c a l ' / 
Chaetore ros) and p r o t o ; o a s o m e t i n P j i c r i , i , O i f f e r e n ' s t f -a ins >' 
t h l o r e l t a appear at d i f f e r e n t te i ipera t » , .ind l o c a l i t i e s I'lp n o - i a ! 
c F n ~ b i z e IS ? t o 3 u. 

I s o l a t i o n of Ch lo re l l a from thp nas> c u H u r o , to e s t a b l n h a new 
mono-spec i f I f - c u l t u r e , i s pe r fo rmed <-our t i m p s a year at Tamano 
Beg inn ing w i t h agar p l a t i n g , thp i s o l a t e d o lan i - ton i s c u i t u ' e d in a 
l i g h t room f o r 2 t o 3 months be fo re be ing t r a n s f e r r e d Lo ou t i l oo r b *" 
tanks. These three tanks are used in continuous r o t a t i o n to orovidp 
i n o c u l a t i o n s f o r the mass c u l t u r e s . 101*^13! c o n c e n t r a t i o n ^" t i n 
s t a r t e r tanks is Im c e l 1 s / m L . A f t e r 7 to 10 days , i»" reaches I o n 
ce l l s /mL and the cu l t u re is pumped to a 50 t tanK. A f te r three days, 
at i c o n c e n t r a t i o n o f 20m c e l l s / m L , the C h i o r e l la i s pumped to a 
h o l d i n g tank f rom which i t can be ha rves ted f r e e l y f o r r o t i f e r i'\<^ 
l a rva l r e a r i n g . Mass c u l t u r e is not continued fo r longer than 3 day, 
because of thp increas ing pH of the wat° r . »(hen the pH approach^s 10 
the c e l l s weaken and p h o t o s y n t n e s i s cannot occu r , i n an emergency. 
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Table 1. Typ ica l feeding regimes fo r Portunus tr n u b e r c u l a t u s 

Hatchery j t a i j e ( i n u l u s i v e , 

and Z 
stocking 
density 

Ehime* 
4Ü/L 

Hiroshima* 
25-30/L 

Okayama* 
15-30/L 

Hy| 

2r 

Tamano^ 
10-20/L 

Fukui^ 

rotifer 
brine shrimp 
soy cake 
blended fish 
clam mince 
shrimp mince 

rotifer 
brine shrimp 
copepod 
clam mince 
shrimp mince 
marine-G 

rotifer 
orine shrimp 
soy cake 
marine-G 
clam-shnmp juice 
clam-shrimp mince 
artificial feed 

rotifer 
brine shrimp 
marine-G 
clam juice 
clam mince 

rotifer 
brine shrimp 
microbial flock 
clam mince 
shrimp mince 

rotifer 
(brine shrimp) 
shrimp mince 

SO-
SO 

5/ml 
21Ü/L 

1 ]/t 

2 J -
"".5 g/t 
7.5 g/' 

3-5'mL 
-300/L 
-150/L 
1-1 g/c 

50/l?0 j/t 
0 

1 

200-
0 

.5-1 J t 

3-6/mL 
?01/L 

1 g/t 
0.5 g/t 

2 g/t 
5-60 g/t 
1-3 g/t 

j-20/mL 
1200/L 
. >-l j/t 

1 g/t 
10-2J j/ 

100' 
3-10/mL 
-300/t 
125 mL't 

20-90 g/t 
25-

20 

-125 g/t 

lO/mL 
-200/t 

10-40 g/t 

-1 M 

f + 4 - f t - + + t - + * - + + f + f f + - + 

Gazami Seed Pdn. Res. Conf. 1980 
1. Jasfa 1980 
2. Fukui 1980, 1981b 
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COT gas i s s o m e t i i n e s b u b b l e d i n t o '.he w a : ? ^ t o i n c r ü a i e 

photosynthesis . 

As the tanks are outdoors , thcce is no ' ' i inperdtjci? c o n t r o ' . P'îar. 
p r o d u c t i o n occurs in May and dune, b e f j r ç the summer r a i n y season. 
Outdoor tank temperatures at t h i s t ime àrf; 15'̂  to 2Ü°C. 

The o r i g i n a l tanks at Tamano were rouna, 40 t canvas s t ruc tu res . 
These have been replaced by 50 t rectangular concrete tanks w i t h a 10 
t capaci ty stepped te r race over which the algae are pumped to increase 
p e n e t r a t i o n of s u n l i g h t . A e r a t i o n is p r o v i d e d by. Rootes b lowers 
through a c i r c u l a r pe r fo ra ted pipe on the tank f l o o r . 

Cul ture of m ic rob ia l f l o c k . A mass cu l t u re of yeast and bac te r ia is 
p repared i n 2 t o f n a t u r a l seawater w i t h 3 kg o f g l u c o s e , 320 g urea 
and 130 g po tass ium supe rphospha te , a t 32°C. The pH of t h i s c u l t u r e 
rap id l y drops to about 4 and i t is judged ready fo r use by the fou r th 
day. The exac t spec ies c o m p o s i t i o n of the ' f l o c k ' ;s unknown, but 
yeast are g e n e r a l l y p resen t at concen t ra t i ons of 10 ' " ° ce l ls /mL and 
small p in co lony- fo rming bac te r i a at 10' '" ' '^ ce l ls / raL (Yasuda and Taua 
19R0b). O c c a s i o n a l l y , pa thogen ic spec ies such as V i b r i o sp. occur . 
I t has oeen suggested t h a t t h i s can be p r e v e n t e d by us ing 'green 
water' instead of na tu ra l seawater for c u l t u r i n g f l ock . V i b r i o r a r e l y 
occurs i n 'g reen w a t e r ' , p o s s i b l y because o" the h igh pil (K. Yasuda, 
p e r s . comm. 1982). 

Cul ture of R o t i f e r s , Brachionus p l i c a t i l i s . Ch lo re l l a is the i n i t i a l 
food specTes used in the mass c u l t u r e of r o t i f e r s . I t is supplemented 
w i th baker's yeast . Although C h l o r e l l a is n u t r i t i o n a l l y super ior to 
yeas t a l o n e , i t i s ex t remeTy d i f f i c u l t t o p r o v i d e s u f f i c i e n t 
q u a n t i t i e s f o r a r a p i d l y m u l t i p l y i n g r o t i f e r p o p u l a t i o n . 
Nevertheless, r o t i f e r s fed on yeast are d e f i c i e n t i n c e r t a i n essent ia l 
f a t t y ac ids (w3 HUFA) and must be g i v e n a n u t r i t i o n a l ' boos t ' of 
Ch lo re l l a before being fed to larvae ( K i t a j i m a et al 1980 a and b, vri_ 
H i r a t a 1980). 

At t h e F u k u i c e n t r e , t h e r e a re t w e n t y - f o u r 16 t t a n k s 
s p e c i f i c a l l y fo r r o t i f e r c u l t i v a t i o n . S t a r t i n g dens i t i es for r o t i f e ' 
and Ch lo re l l a are 100 to 150/mL and 10 to 20m/mL r e s p e c t i v e l y , and the 
i n i t i a l volume is 5 t . On the second day, ano ther 5 t o f C h l o r e l l a 
c u l t u r e is added, f o l l o w e d by 2 kg yeas t ( i n w a t e r ) on t h e ' t h i r d day 
and 1 kg yeas t on the f o u r t h . On the f i f t h and f i n a l day of c u l t u r e , 
f i v e more tonnes of C h l o r e l l a i s g i ven to p r o v i d e e x t r a n u t r i t i o n . 
Average concent ra t ion of r o t i f e r s at harvest is 300/mL w i t h a maximum 

of 700/mL. 

B Ro t i fe r product ion is speeded up at Tamano. Three 12 t tanks are 
m used in con t i nuous r o t a t i o n in a 3-day c y c l e . On day one, C h l o r e l la 
I a t 10 to 20m c e l l s / m L and r o t i f e r s a t 200/mL are added. Most of the 
I C h l o r e l l a i s consumed w i t h i n h a l f a day , so yeas t i s added (l. '. i g/m 
B r o t i f e r s ) . T w e n t y - f o u r hours l a t e r , yeas t i s aga in g i v e n , a t a r a t e 
^ of 1.2 g/m r o t i f e r s . F o r t y - e i g h t hours f r om s t a r t of c u l t u r e , the 

18 

r o t i ^ ' e r s ire h a r v e s t e d by d r a i n i n g , >.: -n' civera.p'.' c .''••c-.Tf'c'. " i " o' 
600/mL. Be fo re be ing fed to t ' l :^ l d r v , i p , t-i.f l o t i f e " : u-e " ' i n i r-
1.5 t tank w i t h 15 t c 20m c e l l s / " i L ? ' J", lore I la ^or T to I ) - rur . 'ir 
day t h r e e , the r o t i f e r r e a r i n g tank is •:! >rii; '1 ind u r " , - - i r p - f ( ! ' '••. 
next c u l t / r e . 

D i f f e r e n t s t r a i n s ; are produced at 3 f ' fur an'' tL'-njier a t. j r e s jn . " 
t e m p e r a t u r e i n the tanks i s c o n t r o l l e d a c c o r j i n n to t h " j i . - i - .;-
''2^\'lï .lî'^^.l''.'^S.:. '^^ ^ " ° '••2 34°C, r o t i f e r s of Ib j j t o l.iO u s i . - " are 
cuVt ' j red T o r ' T f i e T j ancl l~j stages'." A r ' 2 : i " ' t o "^3"C," ' tney'- ir^^ ;•):) t'.' 
200 u and ire fed t o the t ^ and Z4 s t - jges. T'ls ?;)ü to MÛ u s t r a i n 
appears at le inperatures below i'l'^C, Oii^ is ' lut ^j I 1 herat-?'./ r - ; l t . r - id. 

The s a l i n i t y of the r o t i f e r - r e a r i n ' j w.iter 's s i m i l a r to that 0 ' 
the Ch lo re l1a - rea r ing water (26 op t ) . Vigorous aera t ion is j r o» ided . 
Faeces are- removed by a i r - l i f t i n g the r e a r i n u wa t e r t n r o u j h s in; ; l -v 
f i l t e r s con ta in ing a syn the t i c f i b r e cor^monly used in a i r - c i m d i : inner 
f i l t e r s . The r o t i f e r s are able to pass through t h î mate r ia l eas i l y . 
Mats made of the same f i b r e i n hung around t i e .-(al ls of the t an ! . 
S e t t l i n g tanks have a lso been used at i t h e r cent res to remove faeces 
; H i r . i t a ' 1980). " 

At the end o f the h a t c h e r y p r o d u c t i o n season in Sep tenbe - -
.October. ' t h e . f e r t i i.is_ed r e s t i n g eggs of the r o t i f e r s are co l l ec ted and 
he ld in a r e f r i g e r a t o r u n t i l the b e g i n n i n g ')f t ' le next -.eason in 
March. 

Cul ture o f the b r ine shr imp. Ar temia sal ina. Ar temia eggs irt: hatched 
in smal l con ica l taiTV.s w i t l i s t rong aeFP, ion. n e Tamano hatcnery uses 
a B r a z i l i a n brand of eggs (1981 p r i ce ?.H 000 yen/kg) w i t n an average 
hatching ra te of 60%. Four hundred grams of eggs ire placed in a 250 
L t a n k , p r o d u c i n g 7 000 to 10 000 n a u p l i u s l a r v a e i n 24 hours . When 
aera t ion is stopped, the unhatched eggs f l o a t wh i l e the naup l i - ; l n i . 
to the bo t tom of the tank. A s i m p l e fauce f a t t a c r i e d to the c o r n e a ' 
bottom a l lows easy removal. 

Us ing C h l o r e l l a as f o o d , b r i n e i h r i i n p Ta'-v .le àrp a l so '^ein.j 
r a i s e d to 1 mm s i z e , when they a r e ] i v e n to mega lopa .is an 
experimenta'l supplementary food. 

Larval mon i to r ing and handl ing 

Stock ing and c o u n t i n g . As shown in Table 1 , i n i t i a l s t o c k i n g 
dens i t i e s of SO/L and above were common, except at ''"imano. The Tamano 
hatchery has always begun w i t h much lower dens i t i es of 10 to 20/L and 
c i t e d higher su r v i va l as a r e s u l t . 

A f t e r h a t c h i n g i n s m a l l tanks (1 t ) , numbers of Zj la rvae àr^^ 
f i r s t est imated by count ing several 100 to 200 ml samples. The larvae 
ire then t r ans fe r red by siphon or bucket to the adjacent rear ing tank. 
However, e s t i m a t e s o f l a r v a l numbers and s u r v i v a l ire somewhat 
u n r e l i a b l e , because there are no r e a l l y accurate methods of sampling 
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i rvae, espec ia l l y '(hen d i s t r i b u t i o n is uneven. AUnouqh Tamano has 
vercome t h i s p rob lem to a ce r ' ^a in e x t e n t th rough fh» use ot " - i " 
j i t a t o r , t h o r e are s t i l l l a r g e f l u c t u a t i o n s in e s t i m a t e s o f l a r / a l 
imbers. Nevertheless, the method is qu i t e adeqi^ate ror de termin ing 
Ipropr ia te management procedures. 

At Tamano each l a r v a l s tagp is sampled t w i r o - once i u r i n g tne 
l y , once a t n i g h t . Using a long 50 mm d i a r r e t e r v a l v e d "Vf o i p e , 11 
impies of a few l i t r e s each are taken f rom m idwa te r around t ^e 
s r ime te r and m i d d l e o f the tank . In most o t h f r r e n t r e s , on l y the 
l i t i a l l a r va l and f i n a l crab numbers are es t imated. 

l o v i s i o n o f s h e l t e r f o r megaiopa. Two or t h r e e days a f t e r thp 
etamorphosis f rom the l a s t zoeal s tage '•Q the megaiopa s t a g e , th» 
irvae develop a benthic mode of behaviour and spend most of the t ime 
\ the wa l l s and f l o o r of the tank Megaiopa is also the f i r s t stage 
issessing pincers and m o r t a l i t y from cannibal ism g rea t l y increasi 's . 
is IS e s p e c i a l l y so d u r i n g mou l t p e r i o d s , when tne s o f t n p w l y -
ul ted larvae and j u v e n i l e s are very vu lnerab le . 

To acrommodatf these developing tendencies, most rea r ing centres 
ovide e x t r a b e n t h i c arpa by nangiog n e f - n g i n '•he tank ' 'hose 
l e l t e r s ' range in s o p h i s t i c a t i o n f rom f i s h ne^ :, s i m p l / s t r u n g 
ross the tank (H i rosh ima) t o a s e r i p s of f ramed bO x 100 cm n e t s , 
ich are s l i d i n t o p o s i t i o n by a convpnient system of ropes (Fuku i ) , 
a more complex system of e i g h t {<t m x 90 cm) nets suspended f rom 

rs attached to the cen t ra l r o t a t i n g shaf t of the a q i ' a t o r at Tamano. 

i However, s h e l t e r s are i n c o n v e n i e n t i n t h a t t h » / r e q u i r e e x t r a 

Ibour i n p u t f o r i n s t a l l a t i o n and main tenance and have the major 
sadvantage o f d i s r u p t i n g water c i r c u l a t i o n and food d i spe rs ion . For 

l i s r eason , the Fukui ha t che ry r ep l aced i t s f r a m e - n e t s h e l t e r ^ by 
|mple nets s t r u n g l e n g t h w i s e p a r a l l e l t o wa te r f l o w . Tamano 
•spensed w i t h she l te rs a l t oge the r . To help combat cann iba l i sm, water 
9vement i s i n c r e a s e d and l a r g e pxcessps of food ire g i v e n d u r i n g 
l u l t i ng per iods. 

jTVival and product ion. Tablp 2 shows annual product ion and su rv i va l 
i r i n g r e a r i n g f o r s e v e r a l h a t c h e r i e s . In bo th r e s p e c t s , Tamano i s 
|e leading crab hatchery in Japan, w i t h Fukui a close second. 
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Fable 2 . A m j a l p 'oduc' j - i ano s ^ r / . v a i . 

Lentr e Harvpsted 
•"rab s'"âae 

" m a l surv iva I ( 
rango { \j 

) To td ' ann ja ' oror iuct iur 

19 3 

Tamjno'' 
19/') 

Tamano^ 
1780 ' 

Tamano'' 
1981 

- j k u I-' 
'97-1 

•^ijkui^ 
1980 

Okayama' 

l i rosmma^ 

Hyogo'' 

Nagasaki^ 

Ehine' 

Sources - 1. 
2 
3 
4 
5. 
6 
7. 

' 1 

^1 

h 

Cl 
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Cl 

Cl 

-1 
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C2 

C?. '"3 
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Fukui 
Gazami 

1 

•t 
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14-4-) 
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29-71 

14-22 

1-15 

7-45 

7-41 
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10-23 

D-16 
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1-5 
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6 i''d 000 
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Plate 4 60 cu.m. terraced tanks for Chlorplla cultiv.H ion 

h'late 5 Mass c u l t u r e of 
Artoraia naupl 1 1 . 

Plate b A r t i f i c i a l w e d • "hp i t f rs 
and p l a s t i c t ink ijsed 
f o r t ranspor t inr] ' i iv t -n i lp 
crabs to r e l ^a ' ' ' s i t'^. 
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At Tanano, the f i r s t major m o r t a l i t ) , Î0 j n a . ï ' r d g e , o c i r s 
between Z« and M stages. This is na in l y ar r i bu ted to i m n i b J l i s n r 
newly moulted megalopae (JASFA 1930). The ' j - H netamorohosis usuaMy 
OTLurs over 2 t o 3 n i g h t s , and the j r e a t e ' ' he p r o p o r ' - ' o n of l a r v i > 
mouUing on the f i r s t n i g n t , the lowe" the l o r t a l i t y 

In the four product ion runs at lamano in 19S1, tni> level of l,-'\ 
mou l t s y n c h r o n i s a t i o n was 5 K , 8 0 1 , 86 - and ^0",. f o r respond in i 
m o r t a l i t y between Z^ and M was 5 2 i , ? 5 " , Hi and 2 J . r e s p e c t i v e l / 

jASFA 1981). Fukui s t a f f have observed great v a r i a t i o n in moult ing 
l y th ins . The e s t i m a t e d pe rcen tage of M s'^aije l a r v a e p resen t on day 

jne ranges f rom less than 5% to iOl, and on day *wo , f rom ZOZ to 80«. 
''V day t h r e e , a l l larvae are M stage (Cowan i180). L ln for*un3f " ly , the 
orresponding m o r t a l i t y ra tes are unknown because a c t u a l counts àm 

lade o n l y on the Z j and f i n a l C s tages at F u k u i . E x p e r i m e n t a l wor< 
as ind ica ted that n o r t a l i t y approaches 40. vnen only 30 o of Z^ larvae 

moul t s i m u l t a n e o u s l y , and decreases to Zbk whnn SO", of Z j moul t 
s imul taneously (Cowan 1980). M o r t a l i t y f rom c a n n b a l i s i i i s g rea te r 
l u r i n g the M-C^ metamorphosis and l a t e r fnoul t ing per iods . This ha^ 
lampered at tempts to rear the j u v e n i l e crabs for a longer per iod. I^ 
J most l i k e l y an e f f e c t of deve loped p r e y - c a p t u r i n j a b i l i t y ( f o r 

example, l a rge r chelae) and increas ing asynchrony in moul t ing . Often 
t h ree s u c e s s i v e crab s tages are p resen t i t the sane t ime in thp 
ear ing t ank . 

Asynchronous m o u l t i n g , r e s u l t i n g f rom g e n n t i r l i f f e r e n c e s , 
v a r i a b i l i t y w i t h i n the rea r ing environment, and the h inder ing e f fec t 
of d i a t o m , c i l i a t e and f u n g a l g r o w t h on ' h e l a r v a l carapaces , can 
cause m o r t a l i t y from cannibal ism even when food, l a r v a l densi ty and 
s h e l t e r are a t opt imum l e v e l s . A l t h o u i h a c e r t a i n degree of 
c a n n i b a l i s m i s u n a v o i d a b l e , i t can be reduced by r e a r i n g la rvae of 
" • i f f e r e n t fema les s e p a r a t e l y and by keep ing r e a r i n g c o n d i t i o n s as 
p t ima l and un i fo rm as poss ib le . 

Sudden mass m o r t a l i t i e s of 50% or more sonetimes occur during Z [ , 
fo l lowed by a steady dec l ine throughout the res t of rea r ing . Closer 
' i s e r v a t i o n o f the g u a l i t y o f newly h a t i h e d l a r v a e has helped 
l im ina te t h i s problem at Tamano. No major j isease problems have yet 

inen found to occur dur ing crab l a r v a l r e a r i n g , in cont ras t to prawn 
larva l r e a r i n g . 

' a r v e s t and t r a n s p o r t (Tamano). At 6 a n on the day of h a r v e s t , 
i p h o n i n g ou t of the r e a r i n g wa te r i s begun. A b/O u nut screen i , 
laced around the siphons. A f te r about 2 nours when water volume has 
een reduced to 40 to 50 t , d r a i n a g e p ipes at the bo f tom of the tani» 

are opened and the wa te r f l o w s i n t o the harves t net . Ihe r r a h ' nf 
then t r a n s f e r r e d by d ip -ne t to several 1 t tanks to awai t counting. 
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The number harvested is est imated by measuring wi-1 /weight o ' t i e 
j u v e n i l e c r a b s , un less t h e r e i s a l o t of d o b t r i t u s in the w a t ^ r ' n 
th i s case, the crabs and d e t r i t u s are dispersed as ^venlv as pos i b ' > 
using a large plunger, wh i l e another person takes three sOO/nL ^aniplpr 
f o r count ing . 

The crabs are t r a n s p o r t e d to the i n t e r m e d i a t e r e a r i n g and 
re leas ing s i t es in closed 1 I PVC tanks, at 16° to H^C, v i f h a e r i t i o n 
v i a a low p ressu rp compressor or oxygen c y l i n d e r s . Lengths j " 
' k i n r a n ' ( ny lon rope i n t e r w o v e n w i t h thousands of ,hor t strands) arp 
p r o v i d e d as re fuge K in ran were o r i g i n a l l y des igned f o r use a, pgg 
c o l l e c t o r s in commercial g o l d f i s h breeding. The tan^s conta in ing t h " 
harvested crabs at an average dens i ty of aboj t 150/L àrp t ranspor^pd 
by t r u c l i or boat t o s i t e s up t o 15 hours awa^ M o r t a l i t y d u r u i i 
t r a n s p o r t a t i o n is c laimed to be n e g l i g i b l e (JASFA 1180) 

Seed production costs 

In 1978 c u l t u r i s t s from the var ious ha t rhe r ies est imafpd t h e i r rea r ing 
cos ts per ha rves ted C^ crab as Tamano I 46 y e n , Horoshima 2 to ^ 
y e n , Hyogo 1 t o 2 y e n , and Fukui 3 to 4 yen. N e i t h e r the JASFA 
Centres nor the Pre fec tu ra l Fishery Fxperi inental St^^tions s e l l t n e i r 
harvested j u v e n i l e s . The Fukui na tcher / , being a Pr ' ' fec ' 'u ra l Fisnery 
Farming C e n t r e , was s e l l i n g i t s j u v e n i l e Lrabs to ' 'oca l r i s n e r / co ­
o p e r a t i v e s f o r 1 yen each, w i t h govp rnmon ta l s u b s i d i e s "o r sped 
product ion making up the d i f f e rence . 
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P r o d u c t i o n c o s t s i n 1980 at Tamano WPI-P mado j^i o f t h e s " I 'J 'n 
( sa l a r i es and miscpl laneous running cos*-, ex^iudocl) 

Item 

Female crabs 

Food 

rotifers (150-180 u) 

rotifers (160-200 u) 

brine shrimp 

frozen clam (before mincing) 

frozen shrimp (before mincing) 

live clams 

glucose 

Water and heat ng 

electricity 

water 

oil 

Fixtures (pump) 

Materials (nets, hoses, etc, 

Wear and tear 

Overall cost per crab (Cj + 

.) 

C2) = 

Ouantit/ 

97 (34 6 

656 X 108 

199 X 108 

39 cans 

948 Kg 

3 470 kg 

114 kg 

20 kg 

-

1 816 m^ 

21 450 

1 

-

-

1.2 yen 

kg) 

(11.7 

Total 

. 

kg) 

TotJi cos»-

1 

1 

T 

1 /en 

212 170 

163 ')00 

59 700 

323 700 

956 9/o 

711 3b0 

43 500 

76 000 

703 64! 

164 370 

743 750 

185 000 

542 640 

135 an 

946 307 

Female crabs w i t h packed r i p e ovar ies are a 1 ixury food item n 
J î p a n . E a r l y in the b r e e d i n g season, the p r i c e 'jf s i iawners rea rhps 
5 000 t o 6 000 y e n / k g . As soon as the egg^ are n x f ' - y d p d , ""he p r i r p 
drops to around 2 000 yen/kg. 
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Food p r i r p s , esoKCial ly ftrtprm i dn<i r, , -rK't .- i i i A \ I I I IMI , *i w 
b i ^ e n 1 r d m a ' " i c a l l y i n c r e a i i n i j i n n c e i ' v'lMr-,. H o w v r , in l'J81 H " 

ypn/kq, much cheaper than the ovPrf i5Mt"j M,iano,i> • ii ,tjijr r i ' . 

Water heat ing and food wprt by fa r tm major pxppnses, o i i i i a l l n g 
52- and 32.5". of the t o t a l r e s p e c t i v e ! / M th iugh no d i r p ' t incoii» is 
r pcp i ved th rough sa lp of seed r r a b ' , t ' l t . ha'"Lhe y r e c e i / p . i 
p r o p o r t i o n of tne annual JASFA mpmbersh p '^'ps of l o c a l f i s h e r y r i -
o p p r a t i v e s (500 000 yon) and a p r e f e c t j r a l l o v o r r n i n n t subs idy ( jm 
y e n / y e a r ) . Thp r e m a i n i n g o p e r a t i n g expensps arp i.overed by ''ne 
r en t r a i na t iona l government. 

Experimental production of Scylla se r ra ta seedl ings 
j i n c e 1979 tne laTiano h a t c h e r y has > " S T OPPH a ' t P T p t i n q to maS:. 
produce seedl ings of Scy l l a s e r r a t a , j j i n g Tiothods s i m i l a r to those 
used f o r Por tunus t n t u b e r c u l a t u s T ie rear ing metnod is g radua l l y 
being adapted as the d i f f e r i n g requirements of bcyl 1a arp rpcogmsed 
However, because of t h e ^ e ^ r a l s c a r n t_^£t_od4i_c da ta on Scy 1 la 
l a r va l b i o l ogy , i t s mass producTion i s as yet f a r from succe'ssfut'. 

Broodstock management 

Scy l la se r ra ta supports smal l f i s h e r i e s in Okinawa, southern ShikOKu 
and Lake Hamana. Land ings a t LaV» Hamana in the l a s t 5 years ha/e 
been in the range of 5 to 40 t (Anon 197t i -80, Yamakawa 1973). To 
ensure s u f f i c i e n t spawners are a v a i l a b l p , thp Tamano hatchery impor^s 
female crabs from Taiwan. 

The r r a b s are c a p t u r e d f rom nat K a l s t u c ' i (not pond - i 'Pa rpd ) , 
t i e d , packed in c a r t o n s and c a r r i e d as nand luggane by p lane ' roTi 
T i i pp i to OsaKa. Ihey are then t ranspor tpd by r a i l or road to l a lano. 
The journey from Taipei takes less than ! nou^s and surv iva l is UJOÜ. 
I t was undertaken tw ice in 1981, w i t h ?l crabs being ca r r i ed in March 
and 7 in May. F o r t y fema le crabs were a l s o o b t a i n e d f rom L. Hamana, 
but a l l of these f a i l e d to spawn. 

At the ha t che ry the crabs are he ld in two 5 t c a p a c i t y covpred 
ou tdoor t a n k s . H a l f of the b o t t o m area of the c o n c r e t e tanks ( t h a t 
i s , 5 m^) IS covered w i t h sand , wh ich a l so f u n r t i o n s as a wa te r 
f i l t e r , as d e s c r i b e d in Chapter 2 , p. 6. Food i s p laced in the bare 
ha l f of the tanks, thus keeping the sand r e l a t i v e l y f ree of d p t r i t u s . 

L ive clams (Tapes ph i l i pp ina rum) are provided ad l i b i t u m as food. 

Water exchange r a t e i s 100 t o 4 0 0 , / d a y . Water t e m p e r a t u r e in 
March and A p r i l i s m a i n t a i n e d a t IS'^C. In May t h i s i s g r a d u a l l y 
ra ised to 23° to 25° , to acce lera te egg development 
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Scy 1 la apparent ly cannot ' o l p r a t p r o w i ' m i tnp i i ' ' j r pp ri 
P. t n t u b e r c u l a t u s , pspec ia l l y u n h e r r i p l ' p n a ' p s j ^ u ' ' " " p n ! . s i i e . 
Thp . raos ^^ave TPPO he ld at - J p n s i t i p ' of 1 o ^ T I) r i t u h i g h i -
d e n s i t y , " i g h t i n g and r a n n i b a l i s m r p j j ' t e d ' n a DO m o r t a i *"y r i ' 
ovpr jO days, desp i te the p rov i ion o ' ' j b m g s h " l t p r s . T i / i s ' o n o' 
thp tanks in to i n d i v i d u a l compartment is m t considprpd a p rac t i c» 
s o l u t i o n because of the d i f f i c u l t y in c ' p a n i n j thp s u b s t ' a t " . 

t gg dpve lopment is m o n i t o r e d m the S j i i e nannpr j s desc r i be ' ! 
p r e v i o u s l y (Ma in tenace o f b r o o d s t o r k ) . Embryonic development from 
spawning to hatch ing takes 16 to 17 days a* 23° to 25°C. Ouring t h i s 
p e r i o d the f m a l e c rab does not eat a t a l l . To reduce the --isk of 
damage to the egg mass, the be r r i ed crab is removed to a covered 0.7 t 
FRP tank 5 days b e f o r e h a t c h i n g . Modera*-p a e r a t i o n i s p rov ided and 
the water is changed almost comple te ly every second day. 

The t i m e of h a t c h i n g is q u i t e p r p d i r t a b l p f o r Scy l la 7 tr, ^ 
a.m. a t 23° and 5 t o 6 a.m. a t 27°C. To d a * p , a l l c rabs nav» been in 
the s ize range of ZOO to 250 g (11 to 12 cm carapace w i d t h ) , prortucinj 
800 000 t o 1 500 000 Z, l a r v a e each. Egg h a t c h i n g r a t e is >.1OSP to 
100%. 

Experimental ove rw in te r i ng of j uvpn i l ps and broods*ork nas 'leen 
at tempted to reduce the dependency Dr importLd crabs. Tne crabs have 
been held in tanks on land and in compartmented bas<ets hanging in the 
sea, bu t s u r v i / a l has been n e g l i g i b l e . Th is i s b e l i p v e d to be a 
r e s u l t of fungus i n f e s t a t i o n , i n s u f f i c i e n ' p r e - w i n t e r f eed ing and 
s t ress caused by v i o l e n t water movement. 

Larval r ea r i ng 

At 27° to 28°C, Scy l l a passes through four zoeal stages of 2 to 3 days 
each , a Z j s tage o f 3 t o 4 days , and a megalopa s tage o f 7 to 8 days 
before metamorphosing to Cj . 

Through t r i a l and e r r o r , the s tanda rd r e a r i n g method ' o r P. 
t n t u b e r c u l a t u s larvae is being adapted to Scy l l a se r ra ta . Not a l l oT" 
the changes made have proved s u i t a b l e , f o r e x a m p l e , in 1981 low 
s a l i n i t y 26 to 28 pp t ) r e a r i n g was t r i e d , b j t no p o s i t i v e e f f e c t was 
d e m o n s t r a t e d . Th i s is not s u r p r i s i n g as s e v e r a l s t u d i e s ha/p 
sjggested tnat Scyl la zoeae are not e ^ - j a ' i ' - i - natur.^ ^BricK 19''4, 
H i l l 1974, Ong 1964). 

Product ion and seawater supply f a c i l i t i e s Ars' i d e n t i c a l 'or 'rath 
speciPS and have been described in Chapter 2, p. 3. 

As Scy 1 l a i s commonly found in w a r n - w a t ' r a r p a ^ , r e a r i n i i s 
c a r r i e d out at 27° to 28°C. At tnese t e m p é r a t u r e s , ' i i i tum ant 
p ro tozoan p o p u l a t i o n s r a p i d l y i n c r e a s e . Th is "'s p r e / e n t e d h / 
m a i n t a i n i n g h igh l e v p l s of C h l o r e l la in tne w a t ^ r and i i i j n r a t e s of 
wa te r exchange. Ten to 15 t o f ' g reon w a t e r ' i s added every day 
dur ing the zoeal stages, to produce a maximum concent ra t ion of 0.5 to 
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lm c e l l s / m L . Water is exchangeu at i r a t o of J b - / d a y d u r i n g . 'oe . i , 
increas ing to 40» a f t e r megalopa, //hen Chlore l la is no 'onger a<lcled. 
Ihe r e s u l t i n g d i a t o m and p ro t c ^oa l e v e l s are g e n e r a l l y l ower thdc 
1 000 ce l l s /mL dur ing zoea (comparable to leve ls occur r ing in Pnrtunu'j 
r e a r i n g ) , but can reach 20 000 ce l l s /mL a f t e r megalopa (c f . 5 OUû to 
10 000 c e l l s / m L ) . Chi ore 1 l a a l s o np los to m a i n t a i n w a te r g u a l i t v 
(oxygen and metabo l i t e r e g u l a t i o n ) , tne re fo re m i r r o o i a l f l ock is not 
r e q u i r e d . 

The presence o f C h l o r e l la i n a d i ^ e r t e n t l y a f f e c t s thp l a r v a l 
f e e d i ng r e g i m e . Whereas Por tunus zoeae are p r o v i d e d w i t h r o t i f i ^ r s 
e v e r y day t o m a i n t a i n an a p p r o x i m a t e l y c o n s t a n t l e v e l o f lU 
r o t i f e r s / m L , dur ing Scy l la r e a r i n g , r o t i f e r s ara add^d only once, at 
the beginning of Z[. Subsequently, the r o t i f e r s feed nn C h l o r e l l a and 
m u l t i p l y r a p i d l y . This system is the re fo re s i m i l a r to that in use at 
the Fukui hatchery. However, occas iona l l y Cn lo re l l a can be grazed to 
the ex ten t tha t water q u a l i t y s u f f e r s ; t h j s cont inua l i non i l o rmq uf 
the l eve l s of a l l organisms is c r i t i c a l . 

' \ r t em i a naup 1 i i are p rov i ded dur-ing Z. and Z , in very s i . i l l 
amounts, and then from I-, through Z-: a^ tht' standard r a t i o n of 100 to 
300/mL. As i t was suspected that t h i s was i n s u f f i c i e n t n u t r i t i o n for 
Z^, l a rger ftrtemia (1 mm leng th , 3 to 4 days old) are being t r i e d as a 
supplement^ From megalopa, c lam and sh r imp meat i s p r o v i d e d in 
standard combined accounts of 150 to 200 g / t . 

S u r v i v a l r a t e s f rom Zi to Cj are s t i l l ve ry low f o r Scy 11a, 
r a n g i n g f r o m about 4 t o 9% (compared w i t h 30 to 70°. f o r P o r t u n u s ) . 
Various theor ies have been advanced by tecnmcians to exp la in the low 
s u r v i v a l . Major m o r t a l i t i e s have occurred dur ing Z,_ (presumably due 
". ; - oo r : j a l i : y o" tne n e * \ . •"-."-; '•: ' -.•'.a , : " . • " ' • ; Z ?.'• : Z^ 
( o e l i e v e d caused oy d e t e r i o r a t i n g w a i e r c o n c i s i o n s ) ; a t tne Zc-M 
metamorphosis (poss ib ly a r e s u l t of inadequate n u t r i t i o n ) ; and at l.he 
M-Ci metamorphosis (inadequate n u t r i t i o n and poor water cond i t ions due 
to a c c u m u l a t i n g d e t r i t u s ) . Besides weakening the l a r v a e , these 
fac tors delay m o u l t i n g , which increases the incidence of cann iba l ism. 

T o t a l p r o d u c t i o n o f j u v e n i l e Scy l l a in 19ai at Tam a no was on ly 
300 000. A l l were used for res tock inq . 

CHAPTER 3 

THE POST-LARVAL RESTOCKING PROGRAJtIE 

Introduction 

As one o f the c o r n e r s t o n e s of the Japanese f i s n e r i e s r e s t o c k i n g 
programme, produc t ion and l i b e r a t i o n of p o s t - l a r v a l P. t n t u b e r c u l a t u s 
have been i n c r e a s i n g year by y ° d r . In l')73, about lOn ' ' i r s f - s t a g e 
j u v e n i l e c rabs (C j ) were produced in 10 p r e f e c t u r e s and 7.9m were 
released d i r e c t l y , or a f t e r i n te rmed ia te r e a r i n g , at 47 s ' t es in n i n r 
p r e f e c t u r e s on the Seto I n l a n d Sea and a t 10 o t h e r s i t e s on the 
P a c i f i c c o a s t , Japan Sea coas t and in w e s t e r n Kyushu. The J A S F M 
Tamano Centre alone suppl ied seedl ings to seven pre fec tures and t h i s 
'lis supp lemented by t he o u t p u t o f two p r é f e c t o r a l h a t c h e r i e s , s i ' 
p r e f e c t u r a l F i s h e r y E x p e r i m e n t a l S t a t i o n s and one f i s h e r y c o ­
o p e r a t i v e . Most o f t he a c t u a l r e s t o c k i n g i s c a r r i e d out by the 
Fishery Exper imental S ta t ions and by f i s h e r y co-operat ives under tnt' 
guidance of hatchery s t a f f . 

Among the most extens ive and we l l documented res tock inu t r i a l s 
have been those pe r f o rmed by the H i r o s h i m a F i s n e r y E x p e r i m e n t a l 
S t a t i o n . The programme began in 1971 w i t h sma l l - s ca l e re leases ; i t 
then proceeded to comparat ive t r i a l s in open and closed bays in 19/4-
76 and to l a rge -sca le res tock ing in 1977-79. 

In many p r e f e c t u r e s , e s p e c i a l l y i n the e a r l y y e a r s , e n t h u s i a s m 
for the res tock ing programme ran high and many re leas ing p ro jec ts were 
s ta ted before necessary base l i ne surveys and e c o l o g i c a l s t u d i e s had 
been c a r r i e d o u t . Th is k i n g o f ' b l i n d r e s t o c k i n g ' s t i l l o c c u r s , 
a l t h o u g h the p s y c h o l o g i c a l and p o l i t i c a l r e s u l t s are e a s i e r t o 
determine than any b i o l o g i c a l and economic b e n e f i t s . 

P re l im ina ry surveys by the H i r o s h i m a S t a t i o n nave reco rded the 
phys ica l c h a r a c t e r i s t i c s of re leas ing areas, such as depth p r o f i l e s , 
s u b s t r a t e c o m p o s i t i o n , r a i n f a l l and r u n o f f , wa t e r t e m p e r a t u r e and 
s a l i n i t i e s , t i des and c u r r e n t s ; b i o l o g i c a l f e a t u r e s , i nc lud ing ^aunal 
compos i t ion , crab breeding seasons and g r o u n d s , and d i s t r i b u t i o n o f 
l a r v a e and j u v e n i l e s ; and i n f o r m a t i o n on the c rab f i s h e r y - c a t c h 
s t a t i s t i c s , seasons, f i s h i n g grounds, trends in catch per u n i t e f f o r t 
(CPUE) and e s t i m a t e s o f the c rab r e s o u r c e p r e s e n t (H i r osh ima P r e f . 
1977). 

The f i r s t at tempts at res tock ing began w i t h d i r e c t re lease of the 
megalopa stage. As understanding of p o s t - l a r v a l ecology increased, ' t 
was rea l i sed tha t the j u v e n i l e crab stages have a much be t te r chancf 
of s u r v i v a l , espec ia l l y i f they are reared u n t i l the benthic hab i t a t 
IS f u l l y d e v e l o p e d . Th is led to the . i re ' .pn t soarch fo r the mos* 
e f f e c t i v e method of i n te rmed ia te c u l t u r p . 
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D i r e c t r e s t o c k i n a s ^ f i l l " j , i h i' m c ^ r t a -i I J a ' - i j r s / ' 
s u i ' i b l e environments, a j r ' i i j r l i r i ^ n i i r a '• - ^p ' 'i m-̂  i-ha* tn^ 
C[ stage " x n i b i t s a lmos' no hen ih i o ^ r a / i u j r iP na jr^., i a r l ^ • ' ^ 
' r r 7 t o 10 lays at t i e s^a ^ j ' - i-- , ^ n i ' n g "-o <• iz/n-'ds an 
p a j t a s s P i , e s p e c i a l l y thi» '•e j i i s ^ o s t > r a sp ) n- JJS O ' 

Hiroshima Prefectur '^ has some of tne lar gpot -"el grass U P " ! i r 'he ^^i-i 
In land Sea and the t i m t of n a x i n u i j ' l j n d a n r o r o i n r d-i j v •• i thr 
appearance of j u v e n i l e crabs 

On ave raae , one j u v e n i l e c rab an bp "ound in ovnr^ 0 6 to .̂  i 
of =° lgrass 'HirDsmma ^'-^ 19 ' ^ - ^ ' o ^ - J ^ i •- z- ' ^^ '- C 
ao j , "ro- i c - is stage on, tne J J e~ - ' s : a»- e - •» ^ e ' ' 
zone as soon as~r- î s reacTi»d Ji u j J'' 1-4 ^ to 2Ù im ^ i r a j a c " 
w id th) , the crabs l i v e in t i d a l pools and^can t o l e r a t e imderato water 
novement, al though they are dispersed by heavy r a i n f a l l From CL, 1 
fg (25 t o 50 mm), the crabs move a c t i v o l y throughou*- "-he i n t p r ' i d a 
zone, and from Cg to C12 (50 to 130 mm), are found in deptns of o n o 
morp. At a s ize of about 10 cm carapace w i d t h , they b°g in to i n i a r a t ' 
of fshore fo r ove rw in te r i ng and mating (Seibu Pegion 1980) 

In the Seto I n l a n d Sea, the spawning season g e n e r a l l ) ex tends 
from l a t e A p r i l or e a r l y May t i l 3 t e A u j u ^ f , w i ' h a p^a» in Jun» j n l 
Ju l y . W i l d j u v e n i l e c rab (C2 s tage and l a t e r ) beg in appear ing 
inshore in J u l y and l i v e in the i n t e r i î a l 7onp fo r a b o j ' on^ monfh 
By September, the f i n a l batch of younj rrabs has novpl o f f sho re , whp o 
they are caught f i r s t by the g i l l net and set net f i s h e r i e s and l i h i 
by demersa l t r a w l f i s h e r i e s Up to Augus'^-Sep'-ember, the c a t ' h " 
mainly cons is t of la rge (about 15 cm) crabs hatrn^d the prnvious year 
From then on, f i r s t - y e a r crabs of 10 en s iz becone predominant 

Methods of releasing 

Direct re lease 

In d i r e c t res tock ing t r i a l s , the C, ,epd rrabs i re u s j a ' l v pumpei i r 
siphoned through a large diameter f l<>xibl= no^e nto burxefs ' r o n 'hf 
tanker in which they are d e l i v e r e d to tne r ^ l 1 e s i ' » [he buri<«>ts 
are then ca r r i ed by hand or boat a f e ^ hunjred 1 t ' » s oi l" f i n ^no'-t 
and the contents s imply broadcast i n to Inp ipp" ea 

According to s tud ies in Hiroshima Prefec ture (Inoko et al 1979a, 
1979b), yi of Cj r e l eased in a s m a l l bay s u r v i v e d and s e t t l e d on the 
beach a f t e r 10 days. S u r v i v a l a f t e r JO days / / is 3.5Î. In an open 
bay, su rv i va l was less r e a d i l y determined only 0 5™ of released Ci 
were discovered in the beach zone a f t e r 16 days (MAFF and JASFA 1980) 
Almost a l l s t u d i e s have demons t ra ted the r a p i d d i sappearance of 1,, 
seedl ings from res tock ing s i t e s , mainly by passive d ispersa l on th f 
non-benthi Cj rrabs and by prédat ion 

I d e a l l y , d i r e c t - r e l e a s e s i t es should be h e l t e r e d , ^ i t h i gent ly 
s l o p i n g , andy-muddy sea f l o o r , s u b s ' ' a n t i 3 l j p a g r i s s Ped and ne 
s t r o n i cu r ren ts . In less - than- idea 1 c o n d i t i o n s , d i r - r t r es to r kmu is 

I 

30 

g r a d u a l l y b e i r g r e p l a c e d by i n t e r m e d i t » r e a r i n g and r e l e a s e m i ) 
a r t i f i c i a l s h e l t e r s 

Intermediate rea r i ng 

In te rms of the degree o f nanagement r e g u i r ^ d , the e x p e r i m e n t a l 
i n t e r m e d i a t e c u l t u r e methods ran be d i v i d e d i n t o t h r e e c a t e g o r i e s 
onshore f a c i l i t i e s , semi-c losed inshore f a c i l i t i e s , and open inshore 
f a c i l i t i e s 

Onshore f a c i l i t i e s , such as l a r g e (50 to 150 t ) canvas or concre te 
tanks and outdoor ponds, are closed systems r e q u i r i n g water exchange 
and p r o v i s i o n o f s h e l t e r and food ( k r i l l or c l a m meat ) . S tock ing 
dens i ty o f Ci seedl ings i s in the range of 1 000 to J 000/ t . Surv ival « 
a f t e r 1 t o 3 weeks ' r e a r i n g to 00.4 i s gene ra l l y 20 to 40'ü and ha . 
reached 56% (MAFF and JASFA 1981, Seibu Region 1980). Cannibalism and 
d e t e r i o r a t i o n in water q u a l i t y are the main causes o f m o r t a l i t y 

A f t e r h a r v e s t i n g , the crabs are re leased d i r e c t l y in to the sea. 
Semi-c losed inshore f a c i l i t i e s permi t na tu ra l water movoment through 
net wa l l s or screens, but the crabs cannot escape and predators cannot 
e n t e r . The mos t common s t r u c t u r e s used irf t h e ' o k o i ' net 
e n c l o s u r e s . These may c o n s i s t o f a s i m p l e ne t and po le fenc > 
enc los ing an area of about 2 000 m^ or a smal le r meta l - f rame net pen 
of 100 t o 200 m ' . To reduce c a n n i b a l i s m k i n r a n ' s h e l t e r s (Chapter 
2 , p. 18}are o f t e n p r o v i d e d . S t o c k i n g d e n s i t y i s 100 to 500/m^ and 
s u r v i v a l t o C2.4 i s 29 t o 39% (op. c i t ) Food is p r o v i d e d . 

Another method in t h i s category uses a g r i c u l t u r a l onion sacks (40 
cm X 70 or 90 cm, 1.5 mm s y n t h e t i c mesh c o n s t r u c t i o n ) . These are 
packed w i t h k in ran or cedar branches and are submerged in the sea for 
s e v e r a l days t o a l l o w s e t t l e m e n t o f food o r g a n i s m s , f o r example, 
Amphipoda. Cj s e e d l i n g s are then added (125 t o 500 /sack ) and the 
sacks p laced i n s h a l l o w wa te r . Two-week s u r v i v a l i s 18 to 33% (op 
c i t ) . 

An a r t i f i c i a l t i d a l lagoon of 16 000 m^ has a lso been constructed 
in Yamaguchi P r e f e c t u r e f o r i n t e r m e d i a t e c u l t u r e . A screen gate 
p e r m i t s wa te r exchange. P reda to rs ire removed but no food is 
p r o v i d e d . In the 1979 t r i a l , s u r v i v a l t o C-,./, was 27% (Seibu Region 
1980). 

In a l l the above methods, the net screens or w a l l s srp opened to 
a l l ow the j u / e n i l e crabs to d isperse a f t e r 1 to 3 <<peks 

Open inshore f a c i l i t i e s a re c o n s t r u c t e d JO as t j a ' ' l ow 'he r rabs to 
d isperse f r e e l y , wh i l e s t i l l p rov id ing a subs t ra fp and sonp p ro tpc ' i on 
from predators . 
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Plate 7. Net pen 
for intermediate rearing of juvenile crabs. 
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In an a t ^e^ lp t t o s i m u l a t e s f i n r ^ s s beds, t ° j t 5 d'-> I j p i m 
conduc ted on a r t i f i c i a l s h e l t e - s or n d ' j u s M ' , in wh i ^h k i - r a n o' 
ceda»- branches •"re suspended ''roni "" loaf ing rat-ts and s t a n d i n j raL<^ 
The s f r u c t u r p may He surro'inded by a n»* l e a v i n j the t o t f j i i ipen and 
IS submerged fo r several days before recew ng the sef-dl ings. Ced i ' 
branches "have been found to a t t r ac * - a b e t t e r s e t t l e m e n t 3f n a t u r a l 
food organisms tnan the nylon k n r a n . 

The e f fec t i veness of mabusni in i n c r p a s n g s u r v i v j l i^ rfi'ficuT-
to determine because, as w i t h d i r e c t re lease , i t is a l n o s t imposs io le 
t o d i s t i n g u i s h b e t w e e n m o r t a l i t y and loss due to d i s p e r s i o n . 
N e v e r t h e l e s s , i n t r i a l s by t h r e e p r e f e c t u r a l s t a t i o n s , 
s e t t l e m e n t / s u r v i v a l in the surrounding few hundred square metres was 
found to be between 5 and 3 1 * two days a f t e r r e l e a s e (HAFF and J A S F A 
1981 ; Se ibu Region 1980). A f t e r 5 t o 7 days , up to 25'. of t he c r a b s ' -
were s t i l l i n the area o f the mabush i , but t h e r e a f e " - d i s a p p e a r e d 
rap id ly . 

Most o f t he loSjS o f crabs f rom the mabushi i s presumed to be 
merely m i g r a t i o n to the beach zone. This ^-.sumption i s strengthened 
by the f i n d i n g o f a two -day s u r v i v a l o f 76'S in t r i a l s in Fukuoka 
P r e f e c t u r e . The re , t o reduce d i s p e r s a l , a l o ^ (40 cm) net f e n t e was 
e r e c t e d on the sea f l o o r 1 m out f rom tne n a h j s h i . Wh. le 30 Î o f the 
s u r v i v i n g crabs were found on the mabushi i t s e l f , 50* were r e t a i n e d 
i n s i d e the fence and o n l y lO ï were found o u t s i d e (MAFF and JASFA 
1981). 

I n s t a n c e s o f v e r y p o o r s u r v i v a l have been a t t r i b u t e d t o 
i n s u f f i c i e n t food , st rong water cu r ren ts espec ia l l y near r i v e r mouths, 
wave movement, heavy r a i n i m m e d i a t e l y a f t e r r e l e a s e . Red T ide 
occurrences, s h i f t i n g of the r a f t , and too sparse a dens i ty of k in ran 
l i n e s . P r é d a t i o n i s r a r e l y c o n s i d e r e d a p rob lem but o b v i o u s l y must 
c o n t r i b u t e t o m o r t a l i t y i n any open system. 

Ci seeds have a l s o been l i b e r a t e d on man-made t i d e l a n d s . Th is 
methocf was f i r s t used in prawn r e s t o c k i n g and is des igned to reduce 
the h i g h i n i t i a l m o r t a l i t y caused by p r é d a t i o n . See Kura ta and 
Shigueno (1976) f o x i a d e t a i l e d d e s c r i p t i o n . Although she l t e r and even 
food have been provided on the t i d e l a n d s , re lease of the Cj seedl ings 
has not r esu l t ed in se t t lement of more than a few percent a f t e r three 
days (MAFF and JASFA 1981; Seibu Region 1980). Unl ike the burrowing 
j u v e n i l e p r a w n s , Ci crabs are more a f f e c t e d by s t r o n g c u r r e n t s and 
p r é d a t i o n by f i s h a t h igh t i d e . No improvement over r e s t o c k i n g on 
na tu ra l beaches at low t i d e has been demonstrated. 

Various o ther s t r u c t u r e s , such as i n t e r t i d a l net cages con ta in ing 
k inran and hang ing -oys te r - cu l t u re w i re baskets w i t h k i n r a n , have been 
tes ted as open, in te rmed ia te rea r i ng systems, but w i thou t success. 



! 1 

33 

A c^tinion croble-n i n -nost /s tp ' "> 'S ' n a t th a r ^e r j u v " n 1» 
o f t e n m i n i i n beh ind a ' t e r h a r v e s f i n g or on^n ro o ' • T ' M i i - i osurc 
C i n m b i l sn on om(3''ipr crabs sto-'K^d a tei w i -•-, cm c j ^e rt n i d ^ - ' U 

-issf 

For s u r v i v a l , o f fshore f a n h ' - i p s in1 1t'^ nt c losures at sp^ i i f 
Tiosf s jt p s f u l , w h i l ° thp opi'n -labi n ys ' •• •> i ' ' Pcut appea'" ' ) ) 
jn improv ••mpn' ovpr a d i r e c t r e s t o c m j n nost ases ' l ownvpr , 
f i n a n c i a l '"ons ide ra t ions (cost of i^onstruct i n and land, l abo j r inpui, 
fc r water q u a l i t y niaintenancp, fpedinq ^nd ^arveot) v i U jndDubtPdly 
continue to s t i m u l a t e the search f i r an p'^fpct ivp in te rmed ia te r p a - i n j 
s j s t t m fna^ requi res minima' -nanaj^nent 

In open l o c a t i o n s , su r v i va l of restocked C2.4 stage crabs 15 much 
h ighe r than f o r Cj Fcrr exampte , in fnvn'^^, AbZ o f ' ' j s u r v i v e d 1 
days a f t e r d i r e c t r « l e a s p on a n a t u r a ' bpa 'h and 87* surv ivPr i " days 
a f t e r release at a mabushi s i t e (c f . 76; to r Cj) Seibu Req.on 19-301 

Recovery of restocked crab<; 

Est imat ion of the c o n t r i b u t i o n of res tock ing to coi imercia l ca'ches ot 
crabs is s t M l f raught w i t h d i f - f - ' cuH iPs , I ' ' years a f t e r the star*- of 
the progranim° A f u n d i m e n t a l j t j m b ' n g b l o r k i^ ''he n ^ b i l i f y fo 
e a s i l y d i s t i n g u i s h the n a t u r a l w i l d p o p u l a t i o n ' r om the h a t c h e r / 
r e c r u i t s . 

Mark-recapture s tud ies 

Tagging studies are not p a r t i c u l a r l y u s p f u l , because of the lack of a 
s u i t a b l e tag f o r sma l l j u v e n i l e crabs In expe r imen ts i n v o l v i n g 
la rger (9 to 20 cm wid th) crabs, i t was found tha t some kinds of tags 
are l o s t when the crabs m o u l t , f o r pxamp lp , marks p a i n t e d on the 
carapace. Others were found to i n t e r f e r e w i th feed ing , movement or 
moul t ing a c t i v i t y , f o r example, swimming leg removal and tags near the 
leg base. Arrowhead and anchor tags placed near the rear edge of the 
dorsal sur face of the carapace or in the seventh ternum segment have 
been found to l a s t t h rough ecdys i s and rausp no i l l e f f e c t s (Takaba 
and H i r a t a 1979, Seibu Region l<'aO) In a t w o - y e a r i n v e s t i g a t i o n , 
Takaba and H i ra ta (1979) recovprpd 1 6 to 6 i"*, (average 3 24) of crabs 
tagged and r e l e a s e d in H i rosh ima P r e f p c t u r e In the w e s t e r n end of 
the Seto I n l a n d Spa, r e c a p t u r p r a t e s ot 1 to 22^ (average 1%) were 
ob ta i ned in a sepa ra te t w o - y e a r s tudy i n v o l v i n g 940 i.'-abs (Seibu 
Region 1980). This k ind of data 1 more usefu l fo r comparison ra ther 
than as an approximat ion of recovery ra tes for seedl ings 

L i b e r a t i o n of h a t c h e r y - b r e d S cy1 I a j u v e n i l e s i n t o Lake Hamana 
promises to show r e s u l t s through a form of mark-rpcapture study The 
a r t i f i c i a l r e c r u i t s are hatched f rom Taiwanese h roods tock at the 
Tamano cen t re These spawners were o b t a i n e d at sea and are of the 
e a s i l y r e c o g n i s a b l e ' o c e a n i c a ' t ype (reduced f r o n t a l sp ines, Chapter 
1) t h a t at Lake Hamana i s caught o u t s i d e the l a k p , b i t never i n s i d e . 
Releasing began in the summer of 1981 and restocked crabs s ta r ted to 
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apipea-r lU u-^r-hes in l a t e , dut i i r (OcM^c to Upcpinber) The igs..' 
season began in flp- 1 , and by May 80 to 9 u , o f the ra tch was e s t m a t p l 
to bp rp j tocked Shiz joka Fi ,hPry t xpp runen t3 ' j ' a f or rp »arrhpr 
i\re opt m i s t i c t h a t the f i n a l r e c o v e r / r a t e w i l ' bp at Ipas t '10», 
s i m i l a r to tha t fo r prawns restocked in Lakp Hamana (H Fu^him^ pprs 
comm. 1982). 

\ method of v i s u a l l y r e r o j n i s i n g a r t i f i r a l l y brpd Portunus 
t r i t u b e r ' u l a t u s , howevpr, does not yet ex is t Therefore use is made 
of the f o f l o w i n g i n d i r e c t methods for Je te r - i i nmg recovpr/ i-ates 

Size-f requency d i s t r i b u t i o n analyses 

At the Tamano hatchery , the major supp l ie r of sepds, female crabs are 
captured a t the beginning of the spawning season (March to A p r i l ) and 
are heVd at e levated temperatures to scce lera tp egg developmpnt The 
l a r v a e are a l s o r e a r e d i n heated wat.."" and j u v e n i ' » r r ^ b - . c m be 
produced as e a r l y as mid May. In c o n t r a s t - , w i l d C2 j u v e n i l e s do not 
appear i n s h o r e t i l l J u l y . Ea r l y r e s t o c k i n g thus r e s u l t s in a s i ze 
di- f ference between hatchery-bred and w i l d r p c r u i f s , which is claimed 
to be d i s c e r n i b l e up to 1̂5 cm s ize (Se ib j Region 1980). 

Crabs caught ïn a s h a l l o w r e s t o c k e d channel near T a j i n a , 
Hiroshima P re fec tu re , i n J u l y , were 7 to 11 cm in s i ze . Crabs caught 
i n August i n an uns tocked bay 12 km away were on l y 5 cm Even up to 
l a t e October, when the channel crabs werp 18 cm, they were s t i l l 2 to 
3 cm larger than crabs caught elsewhere (MAFF and JASFA 1981). 

However, d i f f i c u l t y i n d i s t i n g u i s h i n g r e s t o c k e d crabs was 
reported in Saga Prefecture (MAFF and JASFA 1981) This may have been 
because s e e d l i n g r e l e a s e was not c a r r i e d out t i l l mid June and l a t e 
Ju ly . Takeda (1981) repor ted that high summer temperatures may cause 
s ize d i f f e rences to disappear by September Accelerated growth ( that 
I S , i n c r e a s e i n m o u l t i n g f r e q u e n c y ) , combined w i t h the v a r i a t i o n in 
i n d i v i d u a l g r o w t h r a t e s and the n a t u r a l l e n g t h e n i n g o f i n t e r m o u l t 
p e r i o d s i n l a t e r s t a g e s , may mean t h a t the w i l d r e c r u i t s ' c a t c h - u p ' 
( a t t a i n t he same mou l t s tage and s i z e range as the r e s t o c k e d crabs) 
dur ing the f i s h i n g season. 

N e v e r t h e l e s s , i t i s c l a i m e d t h a t , p r o v i d i n g the f i s h e r y is 
l i m i t e d to a w e l l - d e f i n e d area, season and method, s ize composit ion of 
the ca tch can be used to e s t i m a t e c o n t r i b u t i o n to the f i s h e r y and 
recovery r a te o f restocked crabs, as shown in these tables -
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Location 

Oita (a) 

Oita (b, c) 

Fukuoka (d) 

Yamaguchi (e) 

Yanaguehi. (f-) -

Total no. of 
f irs-L-jiear 

23 130 

14 188 

50 853 

12 433 

- 13 737 -

No . of restocked 
crabs Câ[,q.it. 

19 D12 

11 en 

25 053 

10 803 

U 074 

« Contribution 
to catch 

84 

S2 

49 

87 

31 

Location 

a, b, c 

d 

e 

f 

(* includes 

(a =Choshu; 

X 
No. seeds 
received 

(103) 

1 400 

908 

340 

500 

Y 
No. seeds 
released 

(10^) 

780 * 

547 * 

92 

87 

mabushi or direct release) 

b= Matama; c = Kokouchi 

Catch (10-̂ ) 

31.1 

25.1 

10.8 

11.1 

d = Minosh 

7/X 
% Rê  

2.2 

2.8 

4.5 

2.2 

ima; 

Z/Y 
covery 

4.0 

4.6 

11.7 

12.7 

Source: modified from Seibu Region (1980) 
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Changes in t o t a l catches 

The e f f e c t of res tock ing t h e o r e t i c a l l y should be mo«t eas i l y observed 
in places where a crab f i s h e r y d id not p rev ious ly e x i s t . This was the 
case in Eta j ima Bay, where no crabs had been caught for several years 
b e f o r e the f i r s t l a r g e - s c a l e r e l e a s e s by the H i r o s h m a F i s h e r i e s 
E x p e r i m e n t a l S t a t i o n i n 1974 ( Inoko e t a l 1979a). F i ve hundred 
thousand C^ were r e l e a s e d and 3.5» o f these were found to h a v 
s u r v i v e d and s e t t l e d on a nearby beach w i t h i n 30 days. Using Oe 
Lury's method r e l a t i n g the CPUE to accumulated catch and accumulated 
e f f o r t , the t o t a l i n i t i a l crab resource before f i s h i n g was est imated 
to be 2 289. This means s u r v i v a l of crabs bet»(Pen release and s t a r t 
of f i s h i n g 4 months l a t e r was 0.5». The t o t a l commerc ia l r a t r h was 
I 498, wh ich was 0.3% of the r e l e a s e d C , , 9'. of the o l d n r j u v i - m U ' s 
tha t s e t t l e d in the beach zone, and 6b» of the resource ava i l ab l e . 

S i m i l a r l y , s u r v i v a l and r e c o v e r y of r e s t o c k e d crabs were 
e s t i m a t e d f o r wa te r s o f f Bu7en, Fukuoka P n - f n c t u m , where nn 
s i g n i f i c a n t f i s h e r y e x i s t e d b e f o r e U/ '8 (MAFF and JASFft 1131). In 
1978, 167 000 seedl ings were l i b e r a t e d e i t h e r at a mabushi s i t e or \n 
the i n t e r t i d a l zone, and 545 000 were r e l e a s e d in 1979. In 1978, 
s u r v i v a l t o the s t a r t o f f i s h i n g was 294, and 79% of these were 
caught, producing an o v e r a l l recovery r a te fo r released seedl ings of 
22,1. The f i g u r e s fo r 1979 were 26%, 64% and 17% respec t i ve l y . 

Appearance of Scy l l a i n Seto I s l a n d Sea catches would be an 
obv ious d e m o n s t r a t i o n of t he e f f e c t of r e s t o c k i n g . However, s i n c e 
re leas ing began in 1980, no recover ies have been made. Although t h i s 
may be p a r t l y a t t r i b u t a b l e to the smal l scale of res tock ing at tempts 
and c r a b b i n g methods t h a t are more s u i t e d to Po r t unus , the lack of 
su i t ab l y muddy es tuar ine h a b i t a t s fo r S c y l l a in the Seto Is land Sea is 
probably an impor tant f a c t o r . 

In many areas where e x i s t i n g crab f i s h e r i e s had dec l i ned , recent 
increases in annual catches have a lso been c i t e d as poss ib le evidence 
of the e f f e c t i v e n e s s of r e s t o c k i n g . In Okayama P r e f e c t u r e , ca tches 
decl ined from over 25 t in 1965 to a lmost zero in 1969. In 1971 when 
res tock ing began, the catch was 13 t . By 1979, 1.5m seeds were being 
r e l e a s e d a n n u a l l y and the c a t c h had r i s e n to 10/ t (Okayama Pre f . 
1980). 

In H i r o s h i m a P r e f e c t u r e , annual c a t c h peaked in 1956 at 270 t , 
then d e c l i n e d d r a s t i c a l l y as shown in F i g u r e 3, L a r g e - s c a l e 
r e s t o c k i n g began i n 1974 w i t h the l i b e r a t i o n of 86 000 C^ seeds , 
increas ing to 260 000 *n 1979. The upturn in the f i she ry would appear 
to be co r re la ted w i t h the beginning and growth of r es tock i ng , but such 
a s imple cause and e f f e c t r e l a t i o n s h i p cannot be assumed. 
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Figure 3. Annual catch and restocking of crabs in Hiroshima 
Prefecture. 

Source: MAFF & JASFA, 1980 
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In some loca l Hiroshima f i s h e r i e s . Catches a c t j a l l y aropped in a 
year of i n t e n s i f i e d r e s t o c k i r i q e f f o r t , i n H i u c h i Nada, a n jqe bay, 
p a r t o f wh ich extends i n t o r l i r o s m n a and Qkavîma P r é f e c t u r e s , 
res tock ing d id not begin in force t i l l 1978. However, the f- 'sher) had 
s ta r ted to recover by 19/4, when the catch o* 311 t was double that of 
previous years (Takeda 1981). RestocKing in the adjacent p re fec tures 
may have been respons ib le , but f i s h e r i e s resources are i n f l u e n c f d by 
many d i f f e r e n t f ac to r s . Natural f l u c t u a t i o n s in the environment, and 
there fo re the f i she r y resource, can be s i g n i f i c a n t . In a d d i t i o n , 1971 
and 1973 saw the i n t r oduc t i on of coasta l development and a n t i p o l l u t i o n 
'a</5. These g rea t l y vnpro/ed ti^e env connect ' f 'he be''^ in land SP3, 
^ n i r h «as Dsing a f f e c t e d by ox * ,ens^ . - o r e , - o r . r e . arrat on a^-j 
i n d u s t r i a l p o l l u t i o n and undoubtedly con t r ibu ted to increased catches. 

Inc reases in t o t a l ca t ch can a l s o be a r e s u l t of i n c e a s e d 
f i s h i n g a c t i v i t y . Catch per u n i t e x t o r t is p iobablv a more r e l i a b l e 
i nd i ca to r of any e f f ec t s of res tock ing on uhe resource. 

Changes in CPUE I 3 

In the Seto I n l a n d Sea crab f i s h e r i e s , CPUE ( f o r examp le , number o f 
crabs/boat /day or kg / t r aw l /day ) i s genera l l y low u n t i l September and 
October, when i t peaks, i t then drops o f t îudoenly again m November. 
Du r ing two years of r e s t o c k i n g a t I ' ak io , Ehime P r e f e c t u r e , the 
September-October CPUE peaks became nore pronounced and CPUh values 
a lso rose from May to July of the f o T o w i n g year (Takeda 1981). Wher 
l i b e r a t i o n was brought forward a few weeks in 1978 and 1979, the CPUF 
peak also occurred e a r l i e r . In three areas of Hiroshima Pre fec tu re , 
l i b e r a t i o n was stopped in 19/9 and the Septembot-October CPUE peaks 
f o r the g i l l net f i s h e r i e s subsequen t l y * e l l be low the 1973 l e v e l s 
f rom 14.0 t o 3.2, 12.5 t o 1.4, and f rom 13.5 t o 7.6 (MAPI- and JASFA 
1980). 

Econoaic feas lb l l i t j r 

Es t ima tes of r ecove ry r a t e s arf s t i l l very a p p r c x i m a t e and cannot 
poss ib ly take i n t o account a l l f ac to r s a f f e c t i n g the restocked crabs. 
Although res tock ing has apparent ly adaed to the commercial catches in 
some p l a c e s , the r e a l t e s t i s whether the i nc reased v a l u e o f the 
l a n d i n g s i s g r e a t e r than the cos ts o f p r o d u c i n g and r e l e a s i n g the 
seed l ings. 

C o s t - b e n e f i t ana lyses wou ld be p rema tu re at t h i s s t a g e , but a 
t e n t a t i v e model, r e l a t i n g rea r ing and re leas ing cos ts , markot p r i c e , 
recovery rates and break-even p o i n t s , has been developed (Seibu Region 
1980). 
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Restocking costs fo r three d i - ' feron ' - melhods «TS e s t i n a t o d as 
shown be low -

Cost of p roduct ion per r rab (Japanese yen) 

Fixed costs Var iab le cos* l o t a l 

D i rec t re lease 0 Cj seeds 3.0 3.0 

Canvas tank tank , pump and C, seeds 3.0 
6.2 

b lower :2 .0 feed , labour , wear 
and tear 1 2 

Mabushi r a f t r a f t , n e t , e t c . . Ci seeds 3.0 
3.9 ^ 7.3 

l abou r , use of 
vessel 0.4 

Marke t p r i c e depends on sex and s i z e , w i t h 10 t o 15 cm (100 g) 
c rabs f e t c h i n g about 80 yen each , 15 t o 20 cm (250 g) c r a b s , 250 y e n , 
and 20 to 25 cm (500 g) c rabs , 1 000 yen. The value o f each restocked 
crab caught a lso depends on the recovery r a te -

p r o f i t on each seed l ing = market p r i c e x recovery ra te -
r es tock i ng cost 

As can be seen i n the m o d e l , a t a market p r i c e o f 250 y e n / c r a b , 
the above methods of res tock ing would become economical ly v i ab l e at 
recovery ra tes of 1.2%, 2.5% and 2.9% r e s p e c t i v e l y . 

Four a c t u a l cases (Chapte r 3 , p. 34) were i n c l u d e d in the mode l . 
Based on the c a l c u l a t e d r e c o v e r y r a t e s and the p r e v a i l i n g marke t 
p r i c e s , the value of product ion f o r each seed l ing was between 3 and 6 
yen . For examp le , i n Kokouchi ( c ) , t he c o s t o f r e s t o c k i n g was 4.59 
yen and va lue o f p r o d u c t i o n was 4.52 yen (marke t p r i c e 205 yen x 
r ec ov e ry r a t e 0.0222) , so t he r e s t o c k i n g p r o j e c t t h e r e was not f a r 
from p r o f i t a b i l i t y . 

Restocking is expected to become more economica l ly f eas ib l e w i t h 
r i s i n g market pr ices and con t i nu ing techn i ca l improvements to lower 
product ion costs and increase s u r v i v a l . 
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2 4 6 

% Recovery Rate 

Figure 4. Relationship between value of production per 
seedling, market price and recovery rate. 

Source: modified from Seibu Region (1980) 
(c = Kokouchi, d = Minoshima, e = Shokusei, f = Akiho) 

T 
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CHAPTER 4 

CULTIVATION OF CRABS ( S c y l l a s e r r a t a ) TO MARKET SIZE IN TAIWAN 

Introduction 

The inud c rab Scy 1 la s e r r a t a is f i b - i ed an.j ' . u l t i v a t e a a ' i j l o n y tnt> 
west coast of Taiwan, inc lud ing tne PescadO'-e is lands (Penghu), jn i l n 
the n o r t h - e a s t county o f l l a n . The c rabs a'-e n d i n l y cauQht cios-:! 
inshore using g i l l - n e t s and ba i ted t raps and pots. Apdrt 'rom thrw; 
e x c e p t i o n a l yea rs f rom 1976-78 when to td" ! o r o d u c t i o n , i n r l u d i n ; 
aguacu l tu re , soared to Z 000 t , annual mud :'-ab landings for the last 
15 yea rs have g e n e r a l l y ranged bet/veen 200 an j 700 t (TFji 19S0). 
Maximum value o f mud crab product ion was NT490 . n i l l i o n -n 1976 (2 016 

F i s h e r y p r o d u c t i o n of o t he r p o r t u - i i d species in Tai^/an, mainly 
Por tunus p e l a g i c u s . | P^ t r i t u b e r c u l a t u s , P^ s a n g u i n o l e n t u b dn j 
Charybdis f e r i a t a , has been tw ice to 25 t imes tha t o f Scy1 l a , al 'nough 
they are w o r t h c o n s i d e r a b l y less (maxi-num v a l u e o f a n n j a l - a t c h : 
NT159 m i l l i o n fo r 7 950 t in 19/y). 

Annual aquacul ture product ion has increased from 130 t in l')75 to 
552 t i n 1979. A c t u a l p r o d u c t i o n i s l i k e l y t o be -nuch h i g h e r thdn 
these o f f i c i a l s t a t i s t i c s of the Taiwan F isher ies Bureau, as not a l l 
p roduct ion is repor ted. In 1979 mud crabs o f f i c i a l l y ranked 13th in 
te rms of a q u a c u l t u r e p r o d u c t i o n tonnage and l o t h i n va lue (NT71 
m i l l i o n ) . The m a j o r ^ e c i e s ' T u l t u r e d t n t a i w a n a re e e l s , m i U f i s h , 
oys te rs , jumbo prawns, t i l a p i a and carp. 

There was a smal l quan t i t y of other po r tun id .pecies produced by 
a q u a c u l t u r e in 1979 (8 t ) , but the e s t u a r i n e h a b i t , l e s s agg ress i ve 
behav iou r and h i g h e r va lue o f Scy l 1 a s e r r a t a make i t a fa r mori ' 
popular candidate fo r c u l t i v a t i o n . 

Unl ike Japan, where prawns and otner species are reared to narke»^ 
s ize e n t i r e l y by monocul ture, the crab fann ing i ndus t r y in Taiwan is 
based on p o l y c u l t u r e . S c y l l a may be grown w i t n one or more of the 
f o l l o w i n g s p e c i e s : g r a s s , jumbo or g i a n t t i g e r prawns Penaeus 
monodon, kuruma prawn P. j a p o n i c u s , sand s h r i m p ' le tapenaeus 
monoceros, the m i l k f i s h cHinos chanos, and red alga ( G r a c i l a r i a sp.jT 
Of the three v a r i e t i e s of mud crab recognised by g rowers , the 'whi'.? 
c rab ' is b e l i e v e d to be most s u i t a b l e because i*' supposed ly i r o w ; 
l a r g e r , i s l ess a g g r e s s i v e and more t o l e r a n t of a w i d i range of 
s a l i n i t i e s than e i t h e r the 'sand c rab ' or the ' r H d - l e g u e d c rab ' (Chen 
1975). 

In complete con t ras t to Japan, which has a h i g h l y developed crab 
ha t che ry sys tem but no o n - g r o w i n g , Taiwan does not y e t h jv ; ' mass 
p r o d u c t i o n o f s e e d l i n g s . Growers are s t i l l f o r c e d to r - ' l y on 
seedl ings c o l l e c t e d from the sea. Larval rea r ing t r i a l s ir^ unil^rwav. 
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however, and hatchery-scale product ion is expected to begin w i t h i n 2 
or 3 y e a r s . 

Experinental hatchery t r i a l s 

Nat ional Taiwan U n i v e r s i t y , Taipei 

L a r v a l r e a r i n g expe r imen ts have been conducted by Dr Hon-Cheng Chen 
and col leagues of the NTU. Optimal s a l i n i t y and temperature ranges 
f o r the zoeal s tages are 25 t o 30 ppt and 26° to 30°C r e s p p c t i v p l y 
(Chen and Jeng 1980). As food o r g a n i s m s , r o t i f e r s were found to be 
adequate f o r the zoeaj^ stage o n l y , w i t h sea hare v e l i g e r l a r v a e or 
b r i n e sh r imp n a u p l i i necessary f o r l a t e r s tages and the copepod 
T igr iopus fo r the megalopa stage. Female spawners d id we l l on l i v e 
f reshwater s n a i l s . An inexpensive and novel form of she l t e r fo r the 
megalopa and j u v e n i l e crabs was p r o v i d e d by p l a s t i c a r t i f i c i a l 
Christmas t rees in the rear ing tanks! 

Acco rd ing to Dr Chen ( p e r s . comm. 1981) , a p r i v a t e e x p e r i m e n t a l 
ha t che ry in T a i n a n , us ing NTU methods , i s c u r r e n t l y a b l e t o produce 
100 000 crab^^ stage seedl i r r js per month, at dens i t i e s of 5 000/ t and 
maximum su rv i va l of 60%. 

Tainan Fish Cul ture S t a t i o n , Taiwan Fishery Research I n s t i t u t e 

Research a t t he Tainan F ish C u l t u r e S t a t i o n ( D i r e c t o r , Mr Y.Y. T ing 
and Mr M.N. Lin) has aimed at understanding and c o n t r o l l i n g the whole 
l i f e cyc le of the cu l tu red mud crab. Juven i le crabs produced at the 
s t a t i o n are held in outdoor ponds f o r 4 months t i l l mature, at a s ize 
of about 10 cm carapace w id th . A f t e r ma t ing , spawning of labora to ry 
he ld crabs occurs i n about 4 mon ths , compared to 1 month f o r pond 
c rabs . To s h o r t e n t h i s p e r i o d , a r t i f i c i a l m a t u r a t i o n th rough 
u n i l a t e r a l eyesta lk ab la t ion was being t r i e d . Of 10 females ab la ted , 
a l l had produced h e a l t h y eggs w i t h i n two weeks. There were seven 
s u c c e s s f u l h a t c h i n g s w i t h normal Z^ l a r v a e . I f s u c c e s s f u l , t h i s 
technique, which is commonly used on prawns and other spec ies, w i l l 
g r e a t l y quicken the development of a crab hatchery. 

Broodstock are he ld in an ou tdoo r pond w i t h a sand bo t t om and 
running water . An average of 1 or 2 Zi larvae are produced by a 10 to 
12 cm spawner. The Zĵ  larvae are fed b r i ne shr imp n a u p l i i whisked in 
a b lender f o r a few seconds. L i v i n g who le n a u p l i i a re g i v e n to the 
l a t e r zoeal stages, minced f i s h to the megalopa and crab s tages, and 
l i v e oysters t o the spawners. 

S u r v i v a l t h r o u g h o u t the zoea l s tages is r e p o r t e d t o be 90 t o 
100Ï , but d u r i n g megalopa and the c r a b , s t a g e s , t h i s drops t o 20% 
because o f c a n n i b a l i s m . C o n t r a r y t o tne f i n d i n g s o f most o t h e r 
s t u d i e s (Ong 1964; B r i c k 1974); F i e l d e r and Heasman 1978) , t he zoea 
l a r v a e a t the Tainan lab c o n s i s t e n t l y pass t h rough s i x , and not 5, 
stages before metamorphosing to megalopa. This would seem to i nd i ca te 
l ess - than - idea l rear ing cond i t ions . Yatsuzuka (1962) observed tha t an 
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e x t r a zoea l s tage o c c u r r e d in t h r e e spec ies o f c rab (Neptunus 
t r i t u b e r c u l a t u s , E r i o c h e i r j a p o n i c u s and Sesarma dehann i ) i n w h i c h 
g r o w t h and deve lopment were r e t a r d e d , - rawn l a r v a e may a l s o d e l a y 
metamorphosis but cont inue to moul t in the aOsence of adequate food 
(Wickins 1976). Zoea^ were occas iona l l y k i l l e d by a c h i t i n - d e s t r o y i n g 
b a c t e r i a wh ich a t t a c k s the carapace s p i n e s . I n f e c t i o n can be 
prevented by 20 ppm of sodium sulphamonomethoxiiie in the rea r i ng w i t î r 
(T ing e t a l 1981). 

E x p e r i m e n t a l s e e d l i n g p r o d u c t i o n has a l s o been a t t e m p t e d by a 
p r i v a t e h a t c h e r y on Penghu, but has been f r u s t r a t e d by c o n t i n u i n g 
m o r t a l i t y be l ieved caused by inadequate l i g h t du r ing the zoeal stages 
and excessive cann iba l ism du r ing megalopa. 

Seedl ing co l lec t ion 

D i s t r i b u t i o n !• ' * | ' ' 

Berr ied female crabs have been captured o f f the west coast from about 
22.5°N to 24.5°N and around Penghu, apparent ly heading fo r waters o f 5 
t o 12 m dep th f o r h a t c h i n g t h e i r eggs (Chen, NTU, p e r s . comm. 1981). 
The megalopae migra te toward es tuar ine nursery grounds and have been 
found inshore along almost the same range. Exceptions a r e : -

(a) an area o f h i gh t u r b i d i t y near t he e s t u a r y o f a l a r g e , f a s t -
f l o w i n g r i v e r ; 

(b) es tuar ies a f fec ted by ser ious i n d u s t r i a l p o l l u t i o n ; and 

(c) Penghu, where there are no r i v e r s (Chen op. c i t . ) . 

S u r p r i s i n g l y , a sma l l crab seed c o l l e c t i o n opera t ion does e x i s t 
on Penghu, but 1t is r e s t r i c t e d to the warmer months (May to October). 
In w i n t e r , t he c o l d China c o a s t a l c u r r e n t f l o w s sou th t h r o u g h the 
Taiwan S t r a ' i t . " "However, i n summer, monsoonal s u r f a c e d r i f t s and a 
branch of the warm Kuroshio cur ren t both swing no r th -eas t through the 
Taiwan S t r a i t f rom s o u t h - e a s t As ia (Chu 1971). P r e s u m a b l y , e a r l y 
j u v e n i l e s t a g e s , as w e l l as l a r v a e , are c a r r i e d t o Penghu, but the 
megalopae larvae cannot surv ive the lack of s u i t a b l e es tua r ine waters. 

The major crab f r y c o l l e c t i o n area, usua l l y p r o v i d i n g 60% to 70% 
of the t o t a l annual ca tch , i s C h i a y i , in the west of the main i s l and . 
Penghu is 48 km o f f sho re . 

The o f f i c i a l l y reco rded t o t a l annual s e e d l i n g c a t c h was about 
1.3m i n 1976, 1.8m i n 1978 and 1.9m in 1979 (TFB 1977, 1979, 1980). 
Dr Chen be l ieves the i ndus t ry requ i res at least I ? M ' - e a r . In 1980-
3 1 , a s e r i o u s s h o r t a g e o f c rab f r y was w i d e l y a t t r i b : j t e d t o d rough t 
c o n d i t i o n s , which produced i n t o l e r a b l y high s a l i n i t i e s (about 40 ppt) 
i n t he e s t u a r i n e a reas . The s h o r t a g e is a l s o b e l i p v e d to have been 
caused by the e f f e c t i v e n e s s o f new f r y c a t c h i n g methods t h a t c a t c h 
megalopae as we l l as j u v e n i l e crabs. So few escape the ne t s , tha t the 
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breeding populat ions of a year l a t e r may be d r a s t i c a l l y reduced. In 
1982, Hai Ou, in the fa r south-west , was the only c o l l e c t i n g àfpd abl"" 
t o s u p p l y s u f f i c i e n t q u a n t i t i e s of f r y to g rowers a long (he west 
coast 

Mpthods 

Hai Ou. The crab f r y ire caught in the r i v e r mouths or c lose inshore, 
d r i f t T n g w i t h longshore cur rents I f p a r t i c u l a r l y abundant, they can 
be g a t h e r e d i n t h e t r a d i t i o n a l t r i a n g u l a r push -ne t s used f o r 
c o l l e c t i n g m i l k f i s h f r y . Otherwise beach seine nets are used. About 
100 men are engaged in seedl ing c o l l e c t i o n , ed(h having up to 10 nets 
o p e r a t i n g . In peak seasons on l y two or t h r e e ne ts are r e g u i r e d and 
these can ca tch 60 000 t o 70 000 crab f r y / d a y In 19(30 81 howpver , 
maximum d a i l y ca tch f o r s i x nets was 2 000 (Farmer £ , Appendix 1) . 
Fry are c o l l e c t e d f rom the nets every morn ing by b o a t , s o r t e d f rom 
m i l k f i s h and other spec ies, and c a r r i e d to nearby nursery ponds Crab 
f r y can be caught a l l year round w i t h a [jeal- in s p r i n g and summer. 
Only the megalopae and ea r l y j u v e n i l e s , up to c r a b i . ^ stages, can be 
caught using these methods. 

Penghu. Several seedl ing c o l l e c t o r s operate on Pcnghu, catch ing crab 
and other spec ies , espec ia l l y grouper, for which a large market ex i s t s 
in Hong Kong 

One operator (b) u t i l i s e s three nets tha t are set up TO to 40 m 
o f f sho re in a bay l(j km long and 5 km wide at the mouth. The nets are 
set every day a t h igh t i d e and are removrd at low t i d e . In good 
years , 2 000 to 3 000 crabs can be gathered in less than 2 hours, but 
500 t o 600 IS average . The f r y - c a t c h i n g season is s h o r t e r here (May 
to October) , suggesting a dependence on seasonal cu r ren ts . 

La rger s e e d l i n g s , (2 t o 3 cm and over ) are cap tu red at n i g h t 
us i ng an unde rwa te r l i g h t i n wa te r up to 0.5 m deep. The bo t tom is 
sandy and the crabs can be e a s i l y seen and caught by hand. A d u l t 
crabs up to 20 cm wide are a lso caught in t h i s way 

A l l the s e e d l i n g crabs caught on Ponghu àrp s o l d to d ^ i l e r j on 
the main i s l and . Small j u v e n i l e s arc placed in o x y g e n - f i l l e d p l a s t i c 
bags c o n t a i n i n g n e t t i n g as r e f u g e '^^ bags Are "-hen pac<e-! i n 
c a r t o n s and a i r - f r e i g h t e d to Ta iwan. The f l i g h t takes on l y 20 
minutes. Larger seedl ings f i r s t have t h e i r chelae t i e d w i t h syn the t i c 
tw ine and are then packed in large boxes w i t h layers of grass soaked 
in seawater. The operator mentioned above ships up to 30 000 la rger 
seedl ings per season and 25 000 smal le r seedl ings per week to Taiwan. 
The s m a l l s i z e f e t c h e d NT5 each in 1981 compared to NT2.5 in 1980. 
Best p r i c e s were o b t a i n e d f rom areas of h i gh demand C h i a y i , where 
most f a rms are c o n c e n t r a t e d , and I l a n , a hot s p r i n g a m a where h i gh 

" water temperatures acce lera te growth so tha t pond s tock ing and harvest 
are more f requent . 
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Nursery farms 

Nursery farms in the Hai-Ou area usua l ' v consist of four )r ' i v r sm^n 
ponds (15 to 20 m^) w i t h c o n c r e t e - c o v e r e d b r i c k w a l l s , mud M(in'-s 
covered by 5 t o 10 cm o f beach sand, and 20 t o 50 cm of ^paw^te'- "k 
a e r a t i o n i s p r o v i d e d , bu t n a t u r a l seepage of w i t e r t h r i u q h ^ho pond 
bo t tom is r e p l a c e d d a i l y . To c o n t r o l water t e r r p e r a t u r u -n ^i mTP' 
water exchange, through pump and s iphon, is ca r r i ed ou t , /arvnig f'-mi 
30 m m / d a y to one comp le te exchange per day The ponds may d]io be 
shaded. 

Unsealed pond f l o o r s t h a t a l l o w some seepage are b e l i e v e d to 
r e s u l t i n b e t t e r b o t t o m c o n d i t i o n s and wa t e r q u a l i t y than concre te 
f l o o r s . 

Most of the Hai-Ou ponds are immediate ly adjacent to thp b e a c , 
behind a sea w a l l and above MSL. One smal l 2 hp pump is adequate f-r 
pond f i l l i n g . Because o f a nearby r i v e r , the " s a l i n i t y o f the sea i 
low, about 21 ppt . Some operators g radua l l y dec-ease the sa l in i ' -y of 
the nursery pond f u r t h e r , to 10 ppt over a 2-week pe'- iod. 

The s e e d l i n g s dre s tocked in the nu rse ry ponds at d e n . i ' i - ' ot 
2 000 t o 3 000 m s Depending on demand, they may be he ld fo r up in 
weeks. Su rv i va l i s 50 to 70%. 

The c r a b s a r e f e d b l e n d e d t r a s h f i s h , a b o u t 1 k q / 3 0 00(1 
seed l ings /day , depending on the amount o f unconsumed food rpmaining. 

At a w id th of 1 cm and over (02 .3 ) , the f r y are harve'-ted by hand 
nets and c a r r i e d immediate ly w i thou t water to nearby grow-out ponds 
Transport to d i s t a n t farms is in p l a s t i c bags of oxygenated water. In 
a t y p i c a l journey 2 V o hours nor th to C h i a y i , su r v i va l is claimed to 
be almost 100%. 

Each nursery farm usua l l y has dozens of regu lar customers, buying 
up t o 100 000 f r y each t i m e , a t NT1.50 t o 5 each (1981). Laraer 
seedl ings of 2 to 3 en) tha t are caught and sold w i thou t going through 
n u r s e r y r e a r i n g f e t c h e d NT7 each. In C h i a y i , s e e d l i n g s bought f rom 
southern nurser ies fo r a few NT, were being reared fo r 2 weeks longer 
and sold f o r HTIZ. Seedl ing sca r c i t y in 1981 had apparent ly doubled 
the normal p r i c e s , p r o v i d i n g an even g r e a t e r i n c e n t i v e f o r ha tchery 
development work. 

Nursery pond opera t ion i s o f ten c a r r i e d out i n conjunct ion w i th 
o t h e r c rab f a r m i n g a c t i v i t i e s , such as p o l y c u l t u r e , monocu l t u re , 
in te rmed ia ry dea l ing and s e l l i n g of feeds. One Hai-Ou operat ion (a), 
who had an 80 m"̂  nu rse ry and a 1 ha p r a w n - c r a b ongrowing f a r m , 
obtained 15% of h is income from the nursery , 25% from sales of marljet-
s ize crab and 60% from prawn sales. Another farmer (c) w i th 80 m^ of 
nursery ho ld ing ponds and almost 4 ha f o r prawn-crab po lycu l tu re was 
able to ob ta in up to 50% of his income from the nursery business. He 



did this by acting as a middle-nan bp'"/;een seedling suppliP'-s "n t'^c 
south and farmers in the Chiavi area. 

Polyculture to «arket size 

Species 

Prawns, c rabs , m i l k f j s h - a n d Graci I a n a are cjmraonl / cu l tu i -ed toqether 
i n v a r i o u s c o m b i n a t i o n s o f t w o , t h r e e or a i l f o u r s p e c i e s . 
T r a d i t i o n a l l y , m i l k f i s h was the pr imary species in p o l y c u l t u r e . In 
recent years f a l l i n g demand, comparat ive ly low market value and the 
development of improved techniques fo r breeding and c u l t u n n g prawns 
have q u i c k l y l ed t o the d i s p l a c e m e n t o f m i l k f i s h by prawns as the 
major c r o p . On many fa rms m i l k f i s h are r a i s e d o n l y f o r p r i v a t e 
consumpt ion, f o r use as b a i t f i s h or as foragers to con t ro l blooms of 
algae (Fi lamentous algae ( fo r example, Enteromorpha and Chaetomorpha 
sp.) can c o m p l e t e l y overgrow the Grac i l a r i a p l a n t s in w i n t e r ) . 
N e v e r t h e l e s s , t o t a l annual p r o d u c t i o n of m i l k f i s h i s s t i l l around 
30.-000 u, iijt_oE-s-aven t imes, t h a t o f prawns. 

S i m i l a r l y , f a l l i n g p r i c e s of G r a c i l a r ^ a have r e s u l t e d in 
product ion dec l ines in some places. However, because i t cont inues to 
grow w i t hou t a t t e n t i o n once the p lants have becoinc es tab l i shed in a 
pond G r a c i l a r i a c u l t u r e can s t i l l r e t u r n a p r o f i t . The p l a n t s a l s o 
serve as refuge fo r prawn and crab f r y and help main ta in oxygen l e / e l s 
in the water. 

The main prawn-crab area is south of Kaohsiung, w h i l e p o l y c u l t u r e 
o f c rabs w i t h m i l k f i s h and G r a c i l a r i a is p redominan t n o r t h o f 
Kaohsiung. 

Pond cons t ruc t i on 

P o l y c u l t u r e fa rms range in s i z e f rom less than 1 ha t o over 200 ha. 
I n d i v i d u a l pond sizes a lso vary g r e a t l y , although tne shape is always 
r e c t a n g u l a r . The l a r g e r ponds , r a n g i n g f rom 0.5 t o 2 h a , have d i k e s 
o f mud or sand about 2 m h i g h . Being s u s c e p t i b l e to g r a d u a l e r o s i o n 
and s u b s i d e n c e , and ma jo r damage by t yphoons , the d i k e s are u s u a l l y 
r e i n fo r ced by one or more of the f o l l o w i n g methods: sandbags, bamboo 
f e n c e s , heavy v e g e t a t i o n , b r i c k s , c o n c r e t e p lanks and c o n c r e t e 
c o v e r i n g . The most common pond s i z e o f t h i s type is 1 ha , and t h e r e 
are t y p i c a l l y 1 to 4 ponds/ farm. 

Dikes can a l s o be c o n s t r u c t e d o f b r i c k w i t h a c o v e r i n g o f 
c o n c r e t e . Th i s type o f pond is s m a l l e r , commonly 0.5 ha, bu t ranges 
in s i z e f rom 0.2 t o 1 ha. Farms o f t e n have both types of pond, w i t h 
t h e l a r g e r s i z e s used f o r p o l y c u l t u r e and the s m a l l e r ones f o r 
monoculture of crabs or prawns. 



Plate 9. Heavily vegetated dikes and modern sluice gate 
system, Taiwan. 

Plate 10. Fences of bamboo and other materials are used to 
prevent crabs escaping, Taiwan. 
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S l u i c e ga tes are made of conc re te > j i tn removab le vvood or 
s t a i n l e s s s tee l boards. Ponds of two or more hectares requ i re three 
or four gates to be e f f i c i e n t l y f i l l e d or drained by t i d e s , w h i l e one 
or two s u f f i c e f o r s m a l l e r ponds. Bot toms are of sand or mud or a 
m i x t u r e . W h i l e 100% mud or c l ay i s more impermeab le t o w a t e r , 
a d d i t i o n of a good p ropo r t i on of sand prevents the crabs from digging 
bur rows in the pond f l o o r . Bur row ing in the mud d i k e s , wh ich must 
remain as compact as poss i b l e , is more d i f f i c u l t to s top. Fences of 
bamboo, b r i ck or concrete boards are one s o l u t i o n , wh ich , however, is 
not a lways s u c c e s s f u l . The fences a l s o p r e v e n t the c rabs escap ing . 
Br ick concrete d ikes have v e r t i c a l inner w a l l s and do not s u f f e r these 
drawbacks. 

Pond f l o o r s are t y p i c a l l y leve l or slope s l i g h t l y toward a dra in 
or s l u i c e g a t e . A l t h o u g h some farms can be found a t e l e v a t i o n s 
between MHT.and MLT t h a t p e r m i t u t i l i s a t i o n o f t i d a l movements fo r 
f i l l i n g and d r a i n i n g ponds, most a re no t so c o n v e n i e n t l y s i t u a t e d . 
The average t i d a l d i f f e r e n c e on the west coast of Taiwan is less than 
1 m (Chen 1976). Un less pumps are used , ponds w i t h f l o o r s c l ose to 
MHT cannot be f i l l e d and those more than a few cen t imet res below I1SL 
can r a r e l y be c o m p l e t e l y d r a i n e d . Subsidence o f ponds due to 
excessive pumping of underground water , has become a ser ious problem 
in the Hai-Ou area. 

Water supply 

In some areas, farms extend several k i l omet res i n l a n d , along the reach 
o f t i d a l e s t u a r i e s . PVC p ipes 15 cm in d i a m e t e r are used to ca r r y 
water f r om the pumps a t t he s o u r c e , o f t e n hundreds o f me t res t o the 
ponds. Pond water is commonly 1 to 1.5 m deep. For farms using t i d a l 
exchange, even very large farms of 4 to 5 ha, one smal l pump of 1 to 5 
hp i s s u f f i c i e n t and may no t even be used , except i n emergenc ies . 
Farms at ext ra high or low e leva t ions need three to f i v e pumps, as do 
farms s p e c i f i c a l l y growing Grac i l a r i a , wh ich r e q u i r e s p a r t i c u l a r l y 
clean water f o r maximum photosynthesis. One farm (d ) , which r e l i e d 
complete ly on underground water because of i n d u s t r i a l p o l l u t i o n in the 
nearby es tuary , had e igh t pumps. 

Underground wa t e r in many areas is s a l i n e and can be pumped 
d i r e c t l y t o the ponds. Th is source i s used e s p e c i a l l y a t neap t i d e s 
when t i d a l exchange is inadequate or when e s t u a r i n e water is 
u n s u i t a b l e because o f p o l l u t i o n or e x c e s s i v e d i l u t i o n a f t e r heavy 
r a i n . For the same reasons, estuar ine water is usua l l y pumped only at 
high t i d e , when s a l i n i t y is h ighest , and concen t ra t ion of po l l u tan ts 
lowest . 

Fresh underground w a t e r , where a v a i l a b l e , i s used to d i l u t e 
seawater to appropr ia te s a l i n i t i e s fo r r e a r i n g , e s p e c i a l l y in t imes of 
drought. Farms w i t hou t access to f reshwater have experienced severe 
crab and prawn m o r t a l i t i e s in drought cond i t ions of h igh temperatures, 
h i g h s a l i n i t i e s and ho t dry w i n d s . Because i t i s o f t e n oxygen 
d e f i c i e n t , f r e s h w a t e r i s f i r s t a e r a t e d by pumping i t over stepped 
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t e r races . High i ron concentrat ions in som»' areas preclude i t s use and 
r i v e r water is the only a l t e r n a t i v e . As nuch as poss ib le , pond water 
IS mainta ined at a low s a l i n i t y , ranging from b ppt tn no more than 21 
p p t , w i th 10 to 12 ppt most common. 
Water q u a l i t y maintenance 

Paddlewheel- type aerators are used when there is no w ind , and in vef-y 
hot or cold weather. They are operated a l l n i g h t , espec ia l l y in m id ­
summer when water temperature may reach 30°C. Because the animals are 
being fed at maximum ra tes , water q u a l i t y can qu i ck l y d e t e r i o r a t e at 
these temperatures. At such t imes , water exchange through pumping is 
a lso increased. In w in te r , pond water temperatures occas iona l l y f a l l 
below 10°C. The crabs become i n a c t i v e and growth ceases. To prevent 
sudden temperature drops, water depth is increased. Normal ra tes of 
water exchange vary from rep lac ing a few cent imet res every few days to 
t w o - t h i r d s pond volume every 2 weeks or t o t a l exchange every month or 
so. Water q u a l i t y is the d e t e r m i n i n g f a c t o r , and a c l o s e watch is 
kept f o r any signs of f ou l i ng or abnormal behaviour in the c u l t i v a t e d 
spec ies . 

A common p r a c t i c e among crab fa rmers in Taiwan is to c l ean the 
ponds and to a l l o w them to d ry out f o r a few weeks a f t e r h a r v e s t i n g . 
T h i s : -

(a) p reven t s the b u i l d - u p o f nox ious r e d u c t i o n l a y e r s ( c o n t a i n i n g 
hydrogen sulphide and ammonia) in the mud of the pond bot tom; 

(b) t empo ra r i l y e l im ina tes compet i tors and predatory species such as 
the smal l shrimp Palaemon o r i e n t i s , gobies and t i l a p i a from the 
pond and permi ts the spreading of l ime to k i l l the eggs of these 
pest species; and 

(c) in the case of po lycu l tu re w i t h m i l k f i s h , permi ts the a p p l i c a t i o n 
o f f e r t i l i s e r , usual ly r i c e - b r a n powder, to encourage the growth 
of benthic blue-green a lga l and diatom food species. 

However, some ponds which are d i f f i c u l t to d r a i n ire not d r i e d 
out f o r several years at a t ime . Increase in b a c t e r i a l popu la t ions in 
such cond i t ions i s known to cause at least one disease in crabs. The 
r e s p o n s i b l e o rgan ism is an u n i d e n t i f i e d c h i t i n - d e s t r o y i n g bac te r i a 
wh i ch produces sma l l u l c e r s in the carapace. I n j u r e d and m o u l t i n g 
crabs are p a r t i c u l a r l y suscept ib le and d ie w i t h i n 1 month of i n f e c t i o n 
(Chen, N.T.U. p e r s . comm. 1981). In e x p e r i m e n t a l h a t c h e r y t r i a l s , 
be r r i ed crabs taken from the po l ycu l t u re ponds were o f ten a f f ec ted by 
e p i p h y t i c bac te r i a on the eggs, which g rea t l y reduce hatching ra tes . 
T h i s p rob lem was overcome a t NTU by p l a c i n g spawners i n w a t e r 
c o n t a i n i n g 10 ppm m a l a c h i t e green or me thy lene b lue f o r 5 m i n u t e s . 
L ime is somet imes added d i r e c t l y t o pond wa te r to reduce b a c t e r i a l 
l e v e l s . 

803? 
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Feed 

Type of food and feeding methods for polyculture are fairly well-
established. Interviewed farmers generally agreed the most suitable 
and convenient feeds for prawns are artificial pelU-ts and trash fish 
or small shrimp; for crab, live snails and trash fish; and for 
milkfish, algae and artificial feed or rice-bran powder. 

The preferred food for crabs, especially for fattening, is the 
fresh and brackish water snail (Centhidae spp.). The crabs will eat 
fish, but apparently will not touch the available pelleted food unless 
starving. Athough other crustaceans are part of the natural diet of 
mud crabs, few farmers reported cannibalism to he a problem. Adequate 
food is always provided and stocking densities are low (0.5 to 1 
crab/m"^). Prédation by crabs on prawns during culture has been 
observed only when the very small prawn seedlings are moulting (CF. 
Liu, Tungkang Marine Lab, pers. comm. 1980). For this reason, prawns 
are stocked from a size of 2 to 3 cm (total length), when their 
swimming speed is too fast for capture by the crabs, even during 
moulting. Pest species of shrimp gathered from the ponds at harvest 
time are also utilised as food. _, 

The amounts of the various foods provided daily are not 
calculated precisely; for example, as a percentage of total biomass 
present. Rather, after an initial 'appropriate' amount of food is 
placed in the pond, rations are varied depending on rate of 
consumption, as estimated roughly by eye. The following pattern is 
most usual. 

Trash fish or shrimp, intended for both prawns and rrabs, is 
provided freely, usually at 4 to 5 g/m^/day. Some farmers (f, g) gave 
up to five times this amount. If prawns are the main species in a 
polyculture crop, artificial pelleted food (protein content 38 to 45%) 
is also provided. The most common maximum daily pellet ration is 
about 400 o/l 000 prawns (about 2% of body weight at that time) or 4 
to 10 g m . If other species are of equal or greater value in a 
polyculture crop, pellets are not given. 

Live snails are always provided at a rate of 10 to 15 g/m^/day 
for crabs, and the soft-shelled species can also be consumed by the 
prawns. Milkfish first feed on the alyae grown in the pond and are 
later given pellets (protein content 24 to 29%) at a rate of about 4% 
of body weight/day. Alternatively 1 to 4 g rice-bran powder/m^ may be 
given every few days. Where the milkfish crop is unimportant, no 
supplementary food is provided at all. As a minor crop in 
polyculture, milkfish stocking rates ars low: 0.1 to 0.4 fish/m'. 
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Prawn p e l l e t s are g i v e n 2 to 5 t u n e s / d a y , a long the edge of the 
d i k e s . S n a i l s and p i eces o f f i s h are p r o v i d e d once or t w i c e d a i l y 
bes ide the d i k e s , or are spread even ly over a l l the pond. M i l k f i s h 
p e l l e t s are g i v e n a t one p l a c e in the pond, u s u a l l y once a day. At 
one farm (d) an automatic feeder de l i ve red p e l l e t s cont inuous ly over a 
12-hour per iod each day. 

Fhere are s e v e r a l brands of p e l l e t e d prawn feed in T a i w a n , 
r a n g i n g i n p r i c e f rom NT37 to 4 3 / k g . M i l k f i s h p e l l e t s are N l l S to 
1 8 / k g . T r a s h f i s h can be bought f o r NT7 to 2 5 / k g , s n a i l s f o r NT5 to 
6 /kg , and r i ce -b ran powder f o r NT8 to 10/kg. 

Stocking and harvest 

The tab le below summarises i n fo rma t ion gathered from 14 po l ycu l t u re 
farms on s- tocking d e n s i t i e s , s i z e and p r i c e of s e e d l i n g s o f p rawns , 
crabs and m i l k f i s h . 

Species 

crab 

prawn 

milkfish 

Size (cm) 

0.5-1 

2-3 

2-3 

2-3 

10-15 
(overwintered) 

Price (NT each) 

1.5-5.0 

7.0-15.0 

0.6-2.5 

2.5-3.5 

10-25 

Stocking density 
(per m2) 

0.5-1.0 

10-25 (prawns 
as main crop) 

1-5 (prawns 
as secondary 
crop) 

0.1-0.4 

Most prawn f r y are bought f r om p r i v a t e h a t c h e r i e s sou th o f 
Kaohs iung. Crab s e e d l i n g s are o b t a i n e d d i r e c t l y f rom f i s h e r m e n or 
nursery farms, or i n d i r e c t l y , through dealers . Small m i l k f i s h f r y are 
gathered in scoopnets and sold to farms for rear ing e i t h e r to market 
s i z e or t o i n t e r m e d i a t e s e e d l i n g s i z e over w i n t e r . Except f o r 
observing a c t i v i t y leve ls as an i nd i ca to r of seedl ing h e a l t h , there is 
no s e l e c t i o n of s e e d l i n g s on the bas i s of q u a l i t y . G r a c i l a r i a 
cu t t i ngs are obtained from nearby farms where the p lants are already 
e s t a b l i s h e d (NT8/kg) . The c u t t i n g s shou ld hp s t r a i g h t , f i r m and 
e l a s t i c w i t h many shoots. 
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The t ab le below compares grow-out p e r i o d , es t imated percentage 
s u r v i v a l , s i ze and p r i ce at harvest f o r a l l four spec ies : -

Species 

prawn 

crab 

milkfish 

Gracilaria 

Harvest size or 
other criteria 

(range and 
average 

25-50 g (35 g) 

. 8-9 cm 

. hard carapace 

. female crabs 
fertilised 

. 15 cm (bait. 
seed) 

. 300-1 200 g 
(600 g) 

heavy dense 
growth 

Grow-out 
period 
(months) 

3-4 
(summer) 
5-6 

(winter) 

3-4 
(suimer) 
5-6 

(winter) 

3-5 
4-12 + 

20-45 
days 

%surv1 val 
(range and 
average 

50-90 (70) 

30-70 (40) 

80-100 (90) 

-

Price (NT/kg) 
(range and 
average 

300-500 (390) 

. males and 
unmated 
females: 135 * 

. ripe females: 
** 
S 80-100 each 
M 160-180 each 
L 180-210 each 

10-25 
80-150 (120) 

22-28 (25) 

inc ludes weight of wet rope (about 2/3 t o t a l ) 
S = 8-9 cm, M = 9-10 cm, L = 10-11+ cm carapace wid th 

Ear ly spr ing and m i d - l a t e summer are the two major stocking t imes 
f o r prawns and c r a b s . However, as the supp ly o f c rab f r y is less 
r e l i a b l e than t h a t o f p rawns, crabs are a l s o s t o c k e d in the ponds 
t h r o u g h o u t the g r o w i n g season, as they become a v a i l a b l e . The 
r e s u l t i n g range in s ize and s ta te of m a t u r i t y means t h a t harvest ing of 
crabs is a lso conducted on a continuous bas i s , in a d d i t i o n to a f i n a l 
ma jo r h a r v e s t a t the same t ime as the prawn c r o p . The presence of 
p r e d a t o r y f i s h spec ies in some ponds has n e c e s s i t a t e d the use of 
i n te rmed ia te rea r i ng enclosures for the smal l crab f r y . Fish poison 
is spread ins ide the net before s tock ing the crabs. Tea seed cake at 
50 ppm w i l l k i l l gob ies and t i l a p i a w i t h o u t a f f e c t i n g crahs and 
prawns. 
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For ba i t and seedl ing p roduc t i on , m i l k f i s h f r y are stocked three 
t imes a year in Feb rua ry , A p r i l and J u l y - A u g u s t . For r o a r i n g to 
ed ib le s i z e , s tock ing may be c a r r i e d out several t imes , beginning in 
March w i t h o v e r w i n t e r e d f i n g e r l i n g s . Du r ing i n t e n s i v e r e a r i n g of 
m i l k f i s h , where they are the main crop, i t is poss ib le to have e igh t 
or more p a r t i a l ha rves t s of 200 to .iOO g s i z e f i s h between May and 
November (Chen l ' î76). However, in a l l cases surveyed for the present 
s t u d y , t h e r e weri^ no more than 3 h a r v e s t s / y e a r . In some cases , the 
m i l k f i s h are not fed at a l l , and are l e f t in the ponds fo r 1 or Z 
years before harvest ing . 

G r a c i l a r i a c u t t i n g s are spread evenly throughout a pond and are 
o f ten weighted down w i t h nets or bamboo s t i c k s . Low b a r r i e r s d i v i d i n g 
the pond may be used to p reven t the p l a n t s be ing p i l e d up in one 
corner by s t rong wind. Once f i r m l y es tab l i shed in a pond, Grac iJa r ia 
may be tr immed at harvest and does not have to be rep lanted each t ime. 

Harves t Methods. Prawns are h a r v e s t e d e i t h e r by hoop-ne t t r a p s 
pos i t ioned beside d ikes , by nets on s l u i c e gates, or by hand-held d ip 
ne ts . A m i l d e l e c t r i c shock of 4 t o 5 V over 4 seconds is o f t e n useid 
to force the prawns o f f the bot tom. 

Crabs are caught in the hoop-ne t t r a p s , by d i p nets a t f e e d i n g 
t i m e , or are n e t t e d near s l u i c e ga tes as they swim a g a i n s t the 
incoming cu r ren t . Baited l i f t nets are also used. Concrete pipes may 
be p laced in the pond and checked d a i l y f o r i n h a b i t a n t s . The main 
catching method, however, i s by hand. With or w i t hou t gloves (usua l l y 
two p a i r s ) , the farmer moves s low ly through the water , watching and 
f e e l i n g fo r crabs of su i t ab le s ize and cond i t i on . Two or three crabs 
are ha rves ted every day t h r o u g h o u t the g row ing season us i ng these 
methods. 

G r a c i l a r i a is s imply uprooted or tr immed by hand, wh i l e m i l k f i s h 
are h a r v e s t e d us ing g i l l n e t s in the main pond or i n a c a t c h i n g pond. 
Water i s a l l o w e d to en te r at h i gh t i d e so the f i s h swim a g a i n s t the 
cur rent i n t o a small pond where they are eas i l y ne t ted . 

Y i e l d s . The p r a c t i c e of c o n t i n u a l s t o c k i n g and h a r v e s t i n g of crabs 
dur ing p o l y c u l t u r e , combined w i t h a lack of day-to-day records , makes 
i t e x t r e m e l y d i f f i c u l t to e s t i m a t e crab p r o d u c t i o n f rom the ponds. 
The rough est imates of minimum y i e l d f o r crabs mentioned below were 
obtained by consider ing stocking dens i ty and est imated s u r v i v a l r a tes . 
Densi t ies are assumed to remain f a i r l y constant. 

The surveyed farms f a l l i n t o four loose ca tegor ies , based on the 
pe rcen tage c o n t r i b u t i o n of each spec ies t o the annual income of the 
po l ycu l tu re ponds (H = high %, M = moderate %, L = low %]:-
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1. Prawn (H) c u l t u r e w i t h some crabs (1_), 5 f a r m s . W^ l l -manaqed 
fa rms of t h i s type produced y i e l d s of prawns s i m i l a r to t h a t 
o b t a i n e d by m o n o c u l t u r e ; t h a t i s , 8 to 10 t ' h a / y e a r i n 2 t o 3 
c rops , p r o v i d i n g 60 to 80% of pond income/year. The annual y i e l d 
o f c rabs (20 t o 40% of i ncome) , a l t h o u g h secondary , is r o u g h l y 
es t imated to have been at least 8 nno to ^ 000 cabs^'ha. 

2. Prawn (M) and c rab (M) c u l t u r e w i t h some m i l k f i s h ( L ) , 3 f a r m s . 
On these f a r m s , most o f the annua l income (80 to 100%), was 
produced about equa l l y by prawns and crabs, w i th a maximum of 20Z 
coming from m i l k f i s h reared as b a i t . Ihe ponds y i e l ded 2 to 4 t 
p rawns /ha in two or t h r e e c r o p s , an e s t i m a t e d 5 000 t o 8 000 
c rabs /ha , and less than 1 t / ha / yoa r of m i l k f i s h of 300 g s i ze and 
over (or about 5 000 b a i t - s i z e f i s h / h a / y p a r ) . 

3. G r a c i 1 a r i a (M) and crab (M) c u l t u r e w i t h some m i l k f i s h (L) and 
prawns (L) , 4 farms. These farms had w e l l - e s t a b l i s h e d G r a c i l a r i a 
p lan ts in t h e i r ponds and so d i d not have any expendi ture fo r new 
c u t t i n g s . Thus G r a c i l a r i a c u l t u r e was s t i l l p r o f i t a b l e desp i te 
the low p r i c e s , p r o v i d i n g 50 to 60T of annual f a rm income, a t 
y i e l d s of 10 to 20 t / ha . The crab crop was second in importance 
(20 to 50% of jncome), w i t h an es t imated y i e l d of 5 000 to 6 000 
crabs/ha. Prâwn"s'anrf" miTIcfish "were bô l l i 'm inor crops "(0 - lO Ï of 
income), annual ly y i e l d i n g 200 to 400 kg/ha and less than 1 t / h a , 
r e s p e c t i v e l y , . 

4. M i l k f i s h (M) and crab (M) c u l t u r e , 2 f a r m s . Only two f a r m s 
produced m i l k f i s h as a ma jo r c rop (50% and 90% o f income) . In 
the former case, annual m i l k f i s h y i e l d was about 4 t /ha and the 
es t imated crop o f crabs was about 7 000/ha. 

Post-harvest I 

AT Ie r ^ ' cap tu re " I H e c rab (Tincers are t i e t f ' w i t h "moistened r i c e - s t r a w 
rope . Farm are r e g u l a r l y v i s i t e d by midd lemen who buy t h e d a i l y 
harvest of crabs. Mature female crabs w i t h fu l l y -packed r i p e ovar ies 
f e t c h the h i g h e s t p r i c e s and are s o l d d i r e c t l y , or t h r o u g h o t h e r 
dea le rs , to markets and res taurants throughout a l l of Taiwan. In most 
cases, the eggs are not f u l l y developed and these crabs are held f o r a 
few days or weeks o f ' f a t t e n i n g ' i n s p e c i a l i s e d m o n o c u l t u r e ponds. 
Male crabs and f ema les w i t h no eggs ir? t he l e a s t v a l u a b l e and ire 
sold by we igh t . 

Harvested G r a c i l a r i a is cleaned of d e t r i t u s and spread out on a 
clean sur face f o r sun d ry ing . The r a t i o of wet to dry weight i s from 
7 t o 1 0 : 1 . The c rop i s e x p o r t e d or s o l d t o agents f o r the l o c a l agar 
i ndus t ry . A f t e r the major harves ts , prawns and m i l k f i s h are loose ly 
packed in ice and t rucked to market. 
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Monoculture fattening of female crabs 

Introduction 

Monocu l tu re of c rabs in Taiwan is a c t u d l l y a s h o r t - t e r m o p e r a t i o n 
invo lv ing the ho ld ing and fa t ten in i ^ o!" fo ' id le crabs, ra ther than the 
growin() of c rabs to markPt sizr>. I t e x i s t " ; and i ; p r o f i t a b l f ' o n l y 
because the ' red crabs' - females w i t h in t? ' 'na l oranqe-rod e:]qs packed 
to the very edge o f the carapace - are a h i g h l y p r i z e d gourTiet f o o d , 
fe tch ing around NT500 in Taipei res tauran ts for a 12 cm crab. 

The monoculture farmers usua l l y f unc t i on as in te rmed iary dealers 
f o r a l l types of mud c r a b s , whe ther f i s h e d or fa rmed. Males and 
u n f e r t i l i s e d females are reso ld immediate ly to loca l markets and other 
fa rms. Ripe femal-e-er^bs a r a h e l d f o r , j u s t i or 2 days .before be ing 
so ld to the genera l p u b l i c and r e s t a u r a n t a g e n t s . Underdeveloped 
females a re he ld u n t i l t h e i r o v a r i e s are f u l l y deve loped (1 month 
u s u a l l y , but up to 3 months d u r i n g w i n t e r i n C h i a y i ) . The s t a t e of 
o v a r i a n deve lopment can be d e t e r m i n e d by h o l d i n g the c rab up t o a 
strong l i g h t . The eggs are v i s i b l e through the carapace when mature. 

Descr ip t ion o f ponds 

Crab monoculture farms are t y p i c a l l y s m a l l , w i t h 5 to 15 ponds of 50 
to 600 m^. Dikes are concrete-covered b r i c k or re in fo rced concrete. 
The bottom i-s-mtjstly sand and is b u i l t up around the edges to provide 
an area of shal low water where the crabs can su rv i ve sudden drops in 
DO l e v e l s . Water depth i n the c e n t r e o f the pond is u s u a l l y 50 t o 60 
cm, be ing i n c r e a s e d t o 1 m or more i n w i n t e r . S a l i n i t y , as i n t h e 
p o l y c u l t u r e ponds, i s m o s t l y 10 to 15 p p t , a l t h o u g h one f a r m e r (h) 
u t i l i s e d t i d a l water of 25 ppt w i t hou t any i l l - e f f e c t s on the crabs. 

Optimum water q u a l i t y is mainta ined b y : -

( i ) water exchange - in summer, pumping is cont inued a l l day, o r , 
where poss ib le , t i d e s are u t i l i s e d to exchange most o f the pond 
water every few days; 

( i i ) ae ra t i on through paddle-wheel or compressor; and 

( i i i ) c leaning of ponds and spreading of l ime a f t e r ha r ves t i ng . 

S tock ing , feeding and harvest 

Female crabs o f 8 t o 12 cm s i z e are stockecl a t d e n s i t i e s of 2 t o 4m^. 
This may be decreased to about one crab/2m'^ dur ing summer. Crabs are 
s tocked a l m o s t d a i l y a l l year r o u n d , w i t h a peak in l a t e summer and 
autumn. Farmers t r y to stock crabs of s i m i l a r egg development in the 
same pond, so harves t ing w i l l be s i m p l i f i e d . 

1 'j^^nf^îw-^*"-

JÜ 

Plate II. Monoculture farm for female crabs, Taiwan. 



s-l 

In a d d i t i o n to sex , s i z e and egg Jc /e i O,J l e n t , i.rAci q u a l i t y i s 
d e t e r m i n e d by the c o n d i t i o n o f the meinnrane of the c ia -vs ; t h a t i s , 
rounded plump mi-mbranes ind ica te a heal tny c rab , wh i le crabs w i t h d ry , 
rough membranes arc re jec ted . 

The crabs are fed once a day on p ieces of t r a s h f i s h (up to ?.00 
g/crab) and, i f a v a i l a b l e , l i v e sna i l s are provided every few days at 
about 100 g /m^ . Smal l s h r i m p are somet imes g i v e n f o r a few days 
before harvest (20 g/crab) as a f i n a l n u t r i t i o n a l boost. 

Surv iva l is commonly 70 to 907.. During harves t , water f l o w is 
stopped and the leve l lowered. The crabs are caught by hand (usua l l y 
w i t hou t g loves) , t i e d w i t h wet straw rope and packed in straw baskets 
f o r t ranspor t by t r a i n or t ruck to the major c i t i e s . They are capable 
o f s u r v i v i n g i n t h i s s t a t e f o r 6 to 7 days i n w i n t e r and 2 t o 3 days 
i n summer. .The matured crabs are u s u a l l y s o l d fo r NT20 to 40 more 
than t h e i r buying p r i c e . 
Organizat ion o f the crab farming indus t ry 

Taiwanese f i s h - f a r m e r s , un l i ke t h e i r Japanese coun te rpar ts , tend not 
t o p a r t i c i p a t e in s e l f - h e l p co-opera t ives , i^ishery co-operat ives and 
assoc ia t ions e x i s t in a l l centres v i s i t e d , but fewer than ha l f of the 
farmers in terv iewed were members. Although the assoc ia t ions provide 
medical insurance, loans, techn ica l consu l t i ng and sometimes t r a i n i n g 
courses, most farmers bel ieved there were few bene f i t s for nemhers. 

The Tungkang Fishery Assoc ia t ion operates the loca l f i s h market , 
t a k i n g a 5% commiss ion on the sa le of f i s h e r y p r o d u c t s , bu t none on 
fa rm produce . The a s s o c i a t i o n loans are low i n t e r e s t [IS, y e a r l y , 
about h a l f t h a t o f banks). However, few fa rmers used th . ' se loan 
s e r v i c e s and the l a r g e s t amount bor rowed was NT800 000. S p e c i a l 
government loans are a l so a v a i l a b l e , m a i n l y th rough the J o i n t 
Commission on Rura l Development . There was l i t t l e en thus iasm f o r 
these e i t h e r , probably because a p p l i c a t i o n procedures are compl i ca ted ; 
f o r example , t h r e e g u a r a n t o r s are needed, and use of the money i s 
superv ised. 

The main government f i n a n c i a l support for the farms is i n d i r e c t 
and s u b s t a n t i a l : no income tax i s l e v i e d on farm p r o f i t s . In some 
cases , no land r a t e s are p a i d , because ponds are c o n s t r u c t e d i n s i d e 
levee banks or on p r i v a t e l y r e c l a i m e d land which i s not o f f i c i a l l y 
r e g i s t e r e d , tand r a t e s v a r i e d f rom less than NT2 0 0 0 / h a / y e a r t o 
almost NTIO 000/ha/year. 

Ex tens ion s e r v i c e s , p r o v i d i n g t e c h n i c a l and b i o l o g i c a l adv ice , 
are a v a i l a b l e f rom seve ra l r e g i o n a l l a b o r a t o r i e s o f the Taiwan 
F isher ies Research I n s t i t u t e . However, most crab farmers tend to r e l y 
on the expe r i ence of f r i e n d s and f a m i l y when seek ing a d v i c e . In 
c o n t r a s t t o prawn f a r m i n g , i n wh ich t echn iques deve loped a t the 
l abo ra to r i es have been widely disseminated and adopted, there has been 
l i t t l e l o n g - t e r m research done on i m p r o v i n g c r a b - f a r m i n g methods. 
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Recen t r e s e a r c h has c o n c e n t r a t e d on d e v p l o n i n g c rab h a t c h e r y 
techniques. 

Nearly a l l farmers understandably dt-c lmed to reveal t h e i r annual 
farm incomes, excppt f o r these four cases ('"he • iqures should at best 
be regarded as modest e s t i m a t e s ) : -

(a) a 1.8 ha Type 2 p o l y c u l t u r e farm - N f l .5m; 

(b) a 2 ha Type 3 p o l y c u l t u r e farm - NTlm p l u s ; 

(c) a 1 ha s h r i m p and crab m o n o c u l t u r e f a rm - NT200 000, rfhich was 
u n p r o f i t a b l e ; and 

(d) an 8 000 m^ Type 1 p o l y c u l t u r e f a rm , which brought in 111400 000 
f o r crabs alone in the f i r s t 5 months of 1981. 

Probleas and prospects 

The most u r g e n t p rob lem f a c i n g c rab f a r m e r s i n Taiwan today i s the 
u n p r e d i c t a b l e and i nadequa te supp ly of s e e d l i n g s . A p p l i c a t i o n and 
deve lopment o f r e s u l t s of c rab h a t c h e r y r e s e a r c h a t government 
i n s t i t u t i o n s should overcome t h i s shortage w i t h i n 2 to 3 years. 

Other compla in ts were associated w i t h the e f f e c t s of poor water 
q u a l i t y a t t he s o u r c e : f r e s h w a t e r s c a r c i t y , h igh t e m p e r a t u r e and 
s a l i n i t y d u r i n g d r o u g h t , i n d u s t r i a l p o l l u t i o n , h i gh i r o n c o n t e n t i n 
underground f r e s h w a t e r , and seawate r t u r b i d i t y d u r i n g the typhoon 
season. Prob lems were a l s o caused by i nadequa te husbandry and 
r e s u l t i n g i n f e s t a t i o n by pathogens ( b l a c k - g i l l d i s e a s e f u n g i , 
ectocommensal p r o t o z o a and e c t o z o i c a lgae on p rawns , and c h i t i n -
decaying b a c t e r i a in crabs). Muscle necros is occas iona l l y occurs in 
crabs dur ing high temperatures and low DO leve ls in summer. The main 
response t o o u t b r e a k s of d i s e a s e i s t o change and /o r deepen pond 
water . Ectocommensal protozoa in prawns was being t rea ted w i t h 10» 
sapon in added t o the pond a f t e r r e d u c i n g wa t e r depth t o 30 cm. A 
concen t ra t ion of 5 ppm is mainta ined fo r at least 4 hours. 

Mud c rab b e h a v i o u r poses some minor p rob lems . F i g h t i n g i s 
m i n i m i s e d by u s i n g low s t o c k i n g d e n s i t i e s and h i g h food r a t i o n s . 
She l ters are considered unnecessary. Despi te the use of bamboo, b r i ck 
or concrete fences around the ins ide edge of the mud d i kes , the crabs 
sometimes manage to burrow under the fences, i n t o the dikes and ou t , 
e s p e c i a l l y near s l u i c e g a t e s . Apar t f r om p r o v i d i n g an escape r o u t e 
f o r the c r a b s , t h i s e v e n t u a l l y leads t o the c o l l a p s e of the d i k e s . 
Crabs in short burrows are r o u t i n e l y hooked out and the holes f i l l e d . 
A c c o r d i n g to f a r m e r s , c rab escape is on ly a p rob lem d u r i n g the 
breeding season, and when water temperature changes suddenly or water 
q u a l i t y d e t e r i o r a t e s . 
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Pest spec ies of s h r i m p , the o-jijs i f whi<h p a s i l y e n l p r throuf jh 
the i n l e t sereens, i ompete w i t h the r u U i v a t e d species for food, ami 
i rn d major problem in nost pond, I imw or c . i l ru im carbonate is ijsi'd 
to k i l l thn e()gs. 

Poaching is a ser ious problem, which is l a rge l y overcome by the 
cons t ruc t ion of l i v i n g quar ters f o r the owner/manager at the ponds i te , 
or by the use of guard-dogs, usua l l y Dobermans. 

Crab c u l t u r e in Taiwan i s n e i t h e r a t r a d i t i o n a l , l a r g e - v o l u m e , 
subsis tence- type indus t ry such as m i l k f i s h f a rm ing , nor ye t a h igh -
p r o f i t , r a p i d l y - e x p a n d i n g s e c t o r l i k e prawn c u l t u r e . The c o n s t a n t 
luxury value of r i pe female crabs has ensured that crabs hav" always 
been an i m p o r t a n t secondary crop in p o l y c u l t u r e , p r o v i d i n g a 
subs tan t ia l p ropor t i on of annual income. However, techn ica l problems 
( f o r example , s e e d l i n g s u p p l y ) , the d i s p a r i t y in p r i c e between male 
and fema le crabs and lack of an e x p o r t marke t a t p resen t combine to 
keep aquacul ture product ion of mud crabs on a smal l scale compared to 
o t h e r species. 
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CHAPTER 5 

CULTIVATION OF CRABS (Scy l la ser ra ta ) TO HARKET S l fE IN THE 
PHILIPPINES 

Introduction 

As e l sewhere in A s i a , S c y l l a s e r r a t a i s a h i g h l y va lued d e l i c a c y in 
the Ph i l i pp i nes . Mud crabs are caught in commercial q u a n t i t i e s in the 
extens ive mangrove swamps and estuar ine waters by means of g i l l ne ts , 
b a i t e d t r a p s , f i s h t r a p s and hooks. A l though few s t a t i s t i c s are 
a v a i l a b l e , i t is genera l l y be l ieved that i n tens ive and i n d i s c r i m i n a t e 
f i s h i n g and the absence of management measures have caused a dec l ine 
in the crab popu la t ion . Annual landings by munic ipal f i s h i n g c r a f t in 
1976 t o t a l l e d 109 t (BFAR 1976). 

Of the 400 000 ha of mangroves in the P h i l i p p i n e s , more than 
170 000 ha have been converted i n t o f ishponds. As in Taiwan, the main 
brack ish water species cu l tu red is the m i l k f i s h Chanos chanos (90% of 
t o t a l p o p u l a t i o n ) w i t h the c u l t u r e of jumbo or t i g e r prawn Penaeus 
monodon i n c r e a s i n g g r e a t l y in r ecen t years because of advances in 
hatchery and rea r i ng technology. In con t ras t t o Taiwan, however, the 
r a i s i n g of mud crabs as an important component of a p o l y c u l t u r e crop 
i s not w i d e l y p r a c t i s e d . A l though crabs occur in a l m o s t a l l ponds, 
e i t h e r through de l i be ra te s tock ing or acc identa l entry of f r y through 
s l u i c e gates, farming techniques are comparat ive ly undeveloped. This 
seems t o be because o f inadequate knowledge of mud c rab b i o l o g y , 
combined w i th a r e s u l t i n g re luctance to farm crabs i n t e n s i v e l y because 
o f t h e i r " t r o u b l e s o m e h a b i t s " : d e s t r o y i n g d i k e s , e s c a p i n g , 
cann iba l ism and damage t o other species dur ing harvest . 

Nevertheless, i nc iden ta l rear ing of crabs is a l ong -es tab l i shed , 
somet imes p r o f i t a b l e p r a c t i c e in the P h i l i p p i n e s and a t l e a s t f o u r 
e n t r e p r e n e u r s have even s t a r t e d crab m o n o c u l t u r e fa rms (Lap ie and 
L i b r e r o 1976). 

Polyculture to market size 

Pond cons t ruc t ion and water supply 

T y p i c a l l y , the ponds in wh ich crab f a r m i n g is p r a c t i s e d were 
o r i g i n a l l y c o n s t r u c t e d in mangrove swamps f o r r e a r i n g m i l k f i s h . 
Adaptat ions were o f ten made to ponds as prawn cu l t u re spread and one 
or two mod i f i ca t i ons fo r crabs are usua l ly made. 

Mangrove areas are convenient fo r f ishpond operat ion because the 
t i d a l f l u c t u a t i o n i s u t i l i s e d f o r wa te r supp ly and pond d r a i n a g e . 
According to Rabanal (1978), the best s i t es are those w i t h : -
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(a) min imum t i d a l a m p l i t u d e of 1 to ? "• 1 a i l y and 3 m m a y i i i j m 
annual ly (sma l le r ampl i tudes do not o e r m t .i lequate -(ater renewal 
and d r a i n a g p , w h i l e g r e a t e r a m p l i t u d e s tsno to p rodu re i r u a t 
pressure on dikes at high t i d e ) ; 

(b) s o i l composed m o s t l y of c l ay '"if .vdto" r e ' ' e n t ion and d i k e 
s t rength ; 

(c) oropp»- e l e v a t i o n in r e l a t i o n ta t i d d ' l l u c t u a t i o n ( too h i g h or 
too low s i t e s have to be excava ted or f i l l e d in t o a l l o w p rope r 
d r a i n i n g and f i l l i n g o f ponds, and the use o f pumps is no t 
widespread; and 

(d) v e g e t a t i o n t h a t can be e a s i l y c l e a r e d . L e g a l l y , a mangrove 
b u f f e r zone of 20 m must be l e f t bes ide r i v e r s and 100 m on the 
sea s i d e . 

In m i l k f i s h fa rms t h a t combine nursery and rea r ing ope ra t i ons , 
about 5% o f the farm area i s devoted to smal l .nursery ponds (0.5 ha or 
l e s s ) , 20 to 30% t o t r a n s i t i o n ponds (1 ha) and the r e s t t o l a r g e 
r e a r i n g ponds (up to 20 ha ) , cana l s and d i k e s , e t c . (SEAFDEC 1980). 
The f i s h are t r a n s f e r r e d f rom one so t of ponds to the next as they 
grow and as t he a l g a l food i n the ponds ( ' l a b - l a b ' ) i s consumed. 
Farms a re commonly 10 to 50 ha i n t o t a l a r e a . D ikes are a l m o s t 
e x c l u s i v e l y c o n s t r u c t e d o f m u d - c l a y , main ga tes are c o n c r e t e , and 
secondary gates (one/pond) are wooden. Pond f l o o r s are l eve l l ed and 
usua l ly have to be t rea ted w i t h l ime to combat the ac id -su lpha te s o i l s 
t y p i c a l of mangrove areas. A f te r d r y i n g , the ponds may be spread w i t h 
o r g a n i c f e r t i l i s e r s t o encourage g r o w t h o f ' l a b - l a b ' . I n o r g a n i c 
f e r t i l i s e r s , usua l l y ammonium sulphate and u rea , are also used, main ly 
f o r the second and subsequent crops. 

In c o n v e r t i n g to p rawn -m i I k f i s h p o l y c u l t u r e , the f a rmers are 
recommended to make several adaptat ions to the r ea r i ng system (SEAFDEC 
1980). To f a c i l i t a t e management, the rea r ing ponds should i d e a l l y be 
no l a r g e r than 1 ha. As wa t e r depth has to be i n c r e a s e d to 1 t o 1.5 
m, compared to 20 to 30 cm fo r m i l k f i s h , dikes need to be strengthened 
th rough w i d e n i n g by a coup le of m e t r e s . The g r e a t e r a c t i v i t y and 
c a r n i v o r o u s f e e d i n g h a b i t o f prawns n e c e s s i t a t e s t r i c t e r w a t e r -
q u a l i t y management t o m a i n t a i n c l e a n w a t e r w i t h opt imum DO I p v e l s . 
T i d a l wa t e r exchange is i n c r e a s e d ; two gates ( i n l t ' t and o u t l e t ) a re 
c o n s t r u c t e d at o p p o s i t e ends of the pond to a c h i e v f l o w - t h r o u g h of 
wa te r ; pumps may be used to increase water c i r c u l a t i o n ; and ae ra t i on 
devices are sometimes i n s t a l l e d . 

Farmers who i n t e n t i o n a l l y stock crabs w i t h prawns and/or m i l k f i s h 
o f ten cons t ruc t an overhanging fence of bamboo around the ins ide edge 
o f the d i k e s . Th i s i s t o p r e v e n t t h e c rabs e s c a p i n g , e s p e c i a l l y 
be r r i ed females t r y i n g to mig ra te out to sea fo r ha tch ing. 
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The ll^l^(]pn^. f of t ' ie crab •" i M ) h ' , 1 j j r r jw in 1 •iin l ^ h p U - r 
1 J S i l l l y p rov i l i -d for Ijy cons l ' i ' i n | i i iunj j f , i l 1 in fhr pon 1 , 
l ' j v i r i j t r f ' i ' <,tijin|)' uncleared an I lu puni f l o i r i i n l ' / " l l i d For M n , 
rpason, crab;, are best stocked in n w, in I v> jpcd ponds I h ' mounds 
arp a l jO usi^d by the c rab i •'O r p n i i n n̂  i r i p ur fac» durmq time"" i f 
low DO leve ls Ma in ta in ing wafpr d"ot f ">' t t ^asi- i m j r f x c a / i ' i o n 
of deeper troughs down the middlo and i l o n j '•hf siil<> of t ' l i pond to 
provide rofugp from hiqh sunmer t p m p u r U u r i j l» ; ) rf>durps b u r r o w i n i 
a c t i v i t y 

S a l i n i t y i n the f i s h p o n d s o f n o r t l e r n Panay u s u a l l y r a n j p ^ 
between about 10 ppt and 20 p p t , but o f t e n reaches 10 ppt in the drv 
season. Wate- t h a t is lost- t h rough e / i p o r a t i o n and spppagp is 
r e p l a c e d every day a t h i g h t i d e The wes te rn V isayas ( i n c l u d i n g 
southern Panay) and northern Luzon have a very pronounced dry season 
(November-Apri l) One farm on Mani la Bay experiences s a l i n i t i e s of 20 
to 35 pp t d u r i n g the wet season , and the ponds are c o n v e r t e d to s a l t 
beds dur ing most of the dry season. Ponds in f h t wpstern Visayas l i e 
i d l e from February to i-lay 

Seedling supply 

Crab seedl ings arp co l l ec ted in r i v e r , and along thn shorp by ba i tpd 
l i f t - n p t s and t r a p s , s e t - n e t s and t r i a n g u l a r p u s h - n e t s . I n many 
cases, f r y are c a r r i e d p a s s i v e l y i n t o ponds w i t h the t i d e . They are 
ava i l ab le a l l year, w i t h October-December being the peak season The 
best t i m p f o r c a t c h i n g i s b e l i e v e d to be a t h i g h t i d e and d u r i n g 
changes in lunar phase (Grino 1977) 

On one s m a l l creek in n o r t h e r n Panay, 20 f r y c o l l e c t o r s were 
o p e r a t i n g . One c o l l e c t o r , who s u p p l i e d 10 d i f f e r e n t f a r m s , had 45 
l i f t - n e t s that he ba i ted w i t h smal l shr imp and f rog mpat md chpcked 
pvpry day on the r i s i n g t i d e His d a i l y catch of t r ah seedl ings (2 to 
10 cm s i z e ) averaged about TOO I h i , i r ough t in on l y Vl-^ and was 
supplemented by f i s h i n g . Fry of a l l j p e c i e s are j s u a l l y s u p p l i e d 
through concess ionar ies, who are awarded exc lus ivp r i g h t s by the loca l 
m u n i c i p a l i t i e s t o buy a l l f r y caught a l ong t h e i r s t r e t c h o f coas t . 
Prawn f r y (average s i z e 15 mm, ^O. lb to 0.2b each) and m i l k f i s h f r y 
(average s i z e 1.5 cm, ^0.02 each) are ga the red in v a r i o u s push n e t s , 
f r y se ines and t r a w l s , and s t a t i o n a r y ne t t r a p s Since 1979, prawn 
f r y have also been suppl ied by a few commercial ha tcher ies . 

In genera l , crab f r y are stocked at a larger s ize than in Taiwan. 
A l t hough s e e d l i n g s as s m a l l as 0.5 cm and as l a r q e as 10 cm arp 
sometimes s tocked, the most common s ize is 2 to 3 cm, which s e l l s fo r 
1*0.15 to 0.35/piPCP To p r e v e n t m o r t a l i t i e s due fo f i g h t i n g d u r i n g 
t r a n s p o r t , the pincers of the crabs are o f ten removd This p r a c t i c e 
IS suspected of increas ing immediate pos t -s tock ing m o r t a l i t y however, 
due to f e e d i n g d i f f i c u l t i e s and p r é d a t i o n by l a r g e r c r a b s , and is 
being discouraged (Robles 1978). 
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S t o c k n g 

Pond s tock ing dens i t i es r e f l e c t the greater emphasis on m i l k f i s h and 
lower fechn ica l l eve l of crab farming in thp P h i l i p p i n e , . Despi tp an 
i n c r e a s i n g , t r e n d to c o n v e r t p a r t i a l ! / or e n t i r e l y to fhp more 
p r o f i t a b l e prawn e x p o r t c r o p , m i l k f i s h i , , t i l l a ver^/ v i l u a b l e 
subsistence crop in t h i s country 

The most common crab s t o c k i n g d e n s i t ) is about I 0 0 0 / h a , on l y 
o n e - t e n t h o f d e n s i t i e s i n Ta iwan , a l t h o u g h the p r e s e n t l e v e l o f 
technology is be l ieved capable of support ing at least 5 000/ha (Lavina 
1980). Stock ing is sometimes ca r r i ed out on a cont inuous bas i s , but 
u s u a l l y IS done once a t t he s t a r t o f each g r o w i n g season (May to 
August) . I ' 

Canv4n t iona1 I n t e n s i v e c u l t u r e o f m i l k f i s h begins wich nursery 
r e a r i n g o f f r y a t d e n s i t i e s of 30 to 50 /m^ . A f t e r 1.5 mon ths , the 1 
t o 3 g s l^e f i n g ç r l l n g s may be t r a n s f e r r e d to a t r a n s i t i o n or 
' s t u n t i n g ' pond where they a re he ld f o r s e v e r a l months a t e x t r e m e l y 
low food levels. Thus f i n g * r l i n g s are always a v a i l a b l e f o r s tock ing , 
and t h e s t u n t e c f f i n g e r l i n g s a r e b e l i e v e d t o g r o w f a s t e r . 
A l t e r n a t i v e l y , they may be stocked d i r e c t l y in the grow-out ponds at 
2 000 t o 3 0 0 0 / h a . H i g h e r d e n s i t i e s are p o s s i b l e w i t h s tock 
man ipu la t i on , t ha t i s , t r a n s f e r r i n g the f i s h to la rger ponds as they 
grow ( i n i t i a l d e n s i t y 10 000, f i n a l d e n s i t y 2 000 /ha ) or s t o c k i n g 
t h r e e d i f f e r e n t s i z e groups t o g e t h e r (1 000/ha f o r each group) and 
harves t ing s e l e c t i v e l y (L i jauco et al 1978). 

As is now the case w i t h crabs, prawn f r y were i n i t i a l l y stocked 
in the m i l k f i s h g r o w - o u t ponds at about 1 000/ha and l i t t l e e x t r a 
management was prov ided. Medium dens i ty p o l y c u l t u r e opera t ions now 
stock from 500 to 1 000 m i l k f i s h / h a and 5 000 to 10 000 prawns/ha. 

Feeding 

A huge v a r i e t y of organic m a t e r i a l , intended as supplementary feed for 
c r a b s , i s t h r o w n i n t o f i s h p o n d s in the P h i l i p p i n e s . I t i s b e l i e v e d 
t h a t the mud crab w i l l eat almost anyth ing and sometimes the crabs are 
l e f t to scavenge by themse lves f o r food in the pond. In c o n t r a s t to 
Taiwan, where i t is recognised that non-s ta rv ing crabs w i l l eat only 
two or th ree types o f food ( s n a i l s , f i shmeat , shr impmeat) , mud crabs 
in the Ph i l i pp ines have been provided w i t h decaying leaves , t w i g s , and 
r o o t s , g r a s s , legumes, a l g a e , r i c e b r a n , corn b r a n , f r o g s and toads , 
f o w l e n t r a i l s , dead domes t i c a n i m a l s , wa te r b u f f a l o h i d e , k i t c h e n 
t r a s h , sea snakes, sea cucumbers, t rash f i s h , mussel meat, and crushed 
oysters and s n a i l s . Trash f i s h from the ponds, main ly t i l a p i a , i s the 
most common feed. 

As might be expected, there are no s t r i c t feeding regimes food 
IS p r o v i d e d every few days a t the mos t , enough to keep the crabs 
' q u i e t ' . Some f a r m e r s feed o n l y on the r i s i n g t i d e in o rde r t o 
min imise f o u l i n g 
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M i l k f i s h feed on ' l a b - l a b ' , a n a t u r a l l y grown complex of a l g a e , 
iTiicrobes and minute animals. This is sometimes supplemented w i t h r i c e 
bran. Prawns also feed on ' l a b - l a b ' organisms, supplemented d a i l y or 
every two days by wet feed such as t rash f i s h , shr-mp heads, l i ves tock 
h ide and e n t r a i l s , the SEAFDEC n u t r i t i o n depdr t ' . i en t recommends a 
balanced combination of p r o t e i n sources, such as f i shmea l , shnmphead 
mea l , soybean meal and leaves of the ' i p i l - i p i l ' p l a n t , Leucaena 
leucepha la (5EAF0EC 1980). Leucaena, a leguminous t r e e w idesp read 
th roughou t the t r o p i c s , i s h i g h in p r o t e i n and is used as c a t t l u , 
p o u l t r y and p i g feed i n the P h i l i p p i n e s . I t s leaves must f i r s t be 
soaked i n wa te r f o r a t l e a s t 24 hours to remove a p o t e n t i a l t o x i n , 
m imos ine . SEAFDEC i s a l s o e x p e r i m e n t i n g w i t h a dry p e l l e t feed f o r 
p rawns. One p r o m i s i n g l a b o r a t o r y f o rmu la t i on has a feed conversion 
r a t e o f 2 t o 3 : 1 , bu t as y e t i s too expens ive f o r commerc ia l 
a p p l i c a t i o n . 

Harvest • ' ' i 

Th is t a b l e compares g r o w - o u t p e r i o d , est imated percentage s u r v i v a l , 
s ize and p r i c e at harvest:-

Species Hat-vest Grow-out % Surv iva l Pr ice ([«/kg, HSO) 

M i l k f i s h 200-500 g 3-4 months 90% 4-6 

prawn 30-60 g 4-6 months 50-60" 35-75 

crab 200-500 g 4-8 months 40-70% mixed sex: 25-45 
females: 7-8 each 

Despite the higher tempera tures of the P h i l i p p i n e s , both prawn 
and crab g r o w - o u t p e r i o d s are l o n g e r than in Ta iwan . W ' th c r a b s , 
g rowth to minimum marke t s i z e o f about 200 g or 8 cm u s u a l l y takes 
about 6 months. Less than o p t i m a l food l e v e l s are o b v i o u s l y an 
important c o n t r i b u t i n g f ac to r . The 4 to 6 month grow-out per iod fo r 
prawns a p p l i e s to t i g e r prawns in s a l i n i t i e s of 10 to 25 p p t ; a t 
higher s a l i n i t i e s , growth of Penaeus monodon is r e t a r d e d (P r imave ra 
and Apud 1976). 

For t h i s reason , pond o p e r a t o r s are recommended to grow banana 
prawns P^ mergu iens i s or I n d i a n prawns Pj_ i n d i c u s , d u r i n g the d ry 
season. 

Although female crabs w i t h r i p e gonads are considered a d e l i c a c y , 
s u r p r i s i n g l y few farmers bother to harvest the crabs at the optimum 
t i m e . Some fa rmers s p e c i f i c a l l y h a r v e s t b e f o r e the crabs become 
ber r ied and s t a r t escaping from the ponds to migra te to sea. 

The f l u c t u a t i o n in pr ices fo r prawns r e f l e c t s the dependence on 
export markets , p a r t i c u l a r l y Japan, huge demand in 1979 forced pr ices 
up to l»60 to 75 /kg , but by ea - l y 1980 they had f a l l e n to P35,'kg due to 
i n c r e a s e d p r o d u c t i o n and the s h i f t of Japanese buy ing to o t h e r 
supp l i e r s . By mid-1980, there had been a s l i g h t recovery to P50/kq. 

Methods. Crabs are h a r v e s t e d f rom t i m e to t i m e d u r i n g the g row ing 
season by b a i t e d l i f t - n e t s , bamboo cages , t r a p s and g i l l n e t s . Dip 
nets can be used at high t i d e as the crabs swim against the incoming 
w a t e r . A t the t i m e o f t o t a l h a r v e s t , t he r r a b s are n e t t e d a t the 
s l u i c e gates and are a l s o caught by hand a f t e r t he pond w a t e r i s 
d ra i ned . 

M i l k f i s h are sometimes p a r t i a l l y harvested using g i l l or seine 
n e t s , bu t t he c a t c h i n g pond method i s c l e a n e r , more c o n v e n i e n t and 
l e s s d i s t u r b i n g t o the f i s h (Chapter 4 , p. 53) . Th is method i s a l s o 
used f o r ' t o t a l harvest of f i s h and for ha rves t ing prawns. Traps and 
bagnets are also used f o f catch ing prawns. 

Post -harvest . M i l k f i s h are k i l l e d q u i c k l y a f t e r n a r v s s t by p l a c i n g 
them in a l a r g e tank w i t h c rushed i ce and a l i t t l e w a t e r . They are 
then s i ze - so r t ed and packed in boxes or baskets w i t h ice and trucked 
to loca l markets. Some f i s h arc canned, «-.mnked or- deboned .ind command 
a higher p r i c e . 

Harvested prawns are washed and packed whole ^ i t h crushed ice in 
boxes fo r the loca l market. Prawns intended fo r expor t are headed and 
sent to the nearest processing p lan t where they are s o r t e d , weighed, 
b l a s t - f r o z e n and packed in cartons fo r shipment. 

Crabs are main ly so ld through the loca l market and pr vate sa les . 
A i r sh ipment o f l i v e crabs f rom n o r t h e r n Panay to M a n i l a , where the 
p r i c e i s P15/kg h i g h e r , has been a t t e m p t e d , but was f r u s t r a t e d by 
excessive m o r t a l i t y of crabs dur ing and a f t e r the one-hour f l i g h t . 

P r o d u c t i v i t y 

Average y i e l d of m i l k f i s h fa rms in the P h i l i p p i n e s is about 650 
kg/ha/year (range 300 to 1 000 kg/ha) (L i jauco et al 1978). M i l k f i s h -
p r a w n - c r a b p o l y c u l t u r e ponds are more p r o d u c t i v e , a v e r a g i n g 577 kg 
f i s h , 52 kg p rawns , and 111 kg c r a b s / h a (SEAFDEC 1980). I n t e n s i v e 
s tock ing can y i e l d 4 to 10 t imes t h i s quan t i t y of prawns. In terms of 
va lue, the major p ropor t i on of p o l y c u l t u r e farm income is con t r i bu ted 
by the prawn and /o r m i l k f i s h crops w i t h the crab c rop r a r e l y w o r t h 
more than 10% of the t o t a l . The few crab monoculture farms were found 
to have an average y i e l d of 339 kg/ha/year (Lapie and L ib re ro 1976). 

Organization of the industry 

O r g a n i s a t i o n o f P h i l i p p i n e f i s h f a rme rs i n t o co-opera t ives began as 
recen t l y as 1974 when SEAFDEC s t a r t e d mon i to r i ng t r a d i t i o n a l farming 
m e t h o d s . The f i r s t g r o u p o f c o - o p e r a t i n g f a r m e r s formed an 
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I 
a s s o c i i t i o n t o r e C e i / e t r a i m n y and ^ i i p i i n y ^ ^ h i l ^ ma t inT t h » i r 
• • a r i l i t i p s a v a i l a b l e for* resea rch I h i s Ï^*^ a p r e c f d e n t " o ' th» 
r r e a t i i j n o f r e g i o n i l f i s h p o n d n p e r a t o r s i i s o r i a t i o n s throughout i-he 
c o u n f r v , which l a t e r u n i t e d i n t o a n a t i o n a l ' I ' d P i a t i o n . E v n so , a 

i-TTity of I "son +is>nond and f ishpen o p f r j t o r s i ) L ib re ro and Nicolo"-
1 iEAFUrC l ')?0) found t h a t the number of a s s o r i a t i o n s was inadequa te 
ind f»w oirerators verg nembers. Of f ^os f vho N ' T C mpmbers, f w o - t h i r ^ s 
johovod that t ' i ° / d id nut g •• an/ bene f i t s f-om t "» i s s o c i a M o " 

A nunber of na t iona l and i n t e r n a t i o n a l organ isat ions and specia l 
programmes are i n v o l / e d in research and e^ t cn i i on wor''. The nam onws 
are SEAFDEC (South East As ian F i s h e r i o c Dpvelopment C e n t r e ) , an 
i n t e r n a t i o n a l o r g a n i s a t i o n w i t h m a m l y Japanosp s u p p o r t , RFAR ( t he 
P h i l i p p i n e Bureau of F isher ies and Aquatic Resources), and PLARR (the 
P h i l i p p i n e Counci l f o r A g r i c u l t u r e and Resources Research) . Severa l 
u n i v e r s i t i e s c o - o p e r a t e in the programmes. S u b s t a n t i a l f u n d i n g i s 
p r o v i d e d by v a r i o u s i n t e r n a t i o n a l a i d a q o n c i e s , f o r examp le , UN 
D e v e l o p m e n t P r o g r a m , U S - A I D , and t h e Canad ian I n t e r n a t i o n a l 
Development Research C e n t r e . C r e d i t i s r e a d i l y a v a i l a b l e th rough 
commerc ia l and r u r a l banks , sav ings and loans a s s o c i a t i o n s , and fhe 
government Land Bank and Development Bank. Most f o i e i g n loans rome 
f rom the Wor ld Rank and Asian Development Bank. Howpver, as in 
Taiwan, these l o w - i n t e r e s t i n s t i t u ' i o n i l o u r m , are o f l pn oas^pd over 
by f i s h f a r m e r s in favour of p r i v a t p l e n d e r s . Somp of the reasons 
given Are inadequate loan s i z e , excessive c o l l a t e r a l requirements and 
t ransac t i ona l costs (SEAFDEC 1980). 

Desp i t e the p r o l i f e r a t i o n o f ^ x t ^ n s i o n s e r v i c e s , L i b r e r o and 
N i c o l a s found t h a t on ly 25% of pond o p e r a t o r s and 41% of f i s h p e n 
operators were reached by government extension workers. The extension 
programme is hampered by a lack of a p p r o p r i a t e l y t r a i n e d w o r k e r s , 
i n s u f f i c i e n t b a s e l i n e data on a l l a s p p r f s of a q u a c u l t u r e , U s s than 
ideal co -o rd ina t i on between the var ious over lapping agencies, ind the 
predominance of smal l producers in w ide ly dispersed l oca t i ons . 

Research on mud crab b i o l o g y and g r o w - o u t t e c h n i q u e s i s 
occas iona l ly conducted at the SEAFDEC Iigbauan and Leganes S ta t i ons . 
Experiments have concentrated on mou l t i ng , reproduct ive behaviour and 
l a r v a l f e e d i n g , and on compar isons of d i f f e r e n t crab d e n s i t i e s and 
feeds dur ing grow-out . In the l a t t e r exper iment, j u v e n i l e crabs were 
provided w i t h t rash f i s h , canned mussel meat, decomposing potato peel 
and f i l a m e n t o u s a l gae . Only the a lgae f a i l e d to suppor t the crabs 
over a 3Ü-day per iod (L i jauco and Prospero 1980, pers. comm.). 

Problems and prospects 

Most problems h inder ing development of the crab farming indust ry are 
those of the f i s h - f a r m i n g indust ry in genera l , t ha t i s , i n s u f f i c i e n t 
supp ly and h i g h cos t of f r y , i nadequa te t r a n s f e r and a p p l i c a t i o n o f 
new t e c h n o l o g y , u n s t a b l e p r o d u c t i o n , p r i c e f l u c t u a t i o n s , lack of 
i n f r a s t r u c t u r e f a c i l i t i e s , espec ia l l y fo r market ing and t r a n s p o r t , low 
l e v e l of p r i v a t e i n v e s t m e n t , and i n s e c u r i t y of f a rms . In the 
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prov inces, i n d i v i d u a l t h i ev i ng and amiPd poarning ra ids b/ band i ' ^ are 
ser ious th rea ts around harvest t ime. 

Although new ly -es tab l i shed hatcher ies are he lp ing meet tne demand 
fo r prawn f r y , techniques fo r a r t i f i c i a l breeding of m i l k f i s h are not 
yet commercia l . Crab hatchery development is not a l i k e l i h o o d for thp 
foreseeable f u t u r e . 

To a g f -eater degree than in Ta iwan , the P h i l i p p i n e a q u a c u l t u r e 
i n d u s t r y i s v i e w e d as a source of cheap p r o t e i n f o r the poor. For 
t h i s reason, the con t inu ing cu l t u re of m i l k f i s h and other low pr iced 
species IS o f f i c i a l l y encouraged, despi te the greater p r o f i t s than can 
be ga ined by c o n v e r s i o n to prawns. L i k e p rawns , mud crabs Are a 
l u x u r y spec ies whose v a l u e l i e s i n the a b i l i t y t o gene ra te income 
th rough the e x p o r t or r e s t a u r a n t t r ades Th is p o t e n t i a l i s , at 
p r e s e n t , a,lmost t o t a l l y u n r e a l i s e d . N e v e r t h e l e s s , t h e r e i s a long 
t r a d i t i o n of casua l r e a r i n g of crabs in P h i l i p p i n e f i s h p o n d s , and 
expans ion o f t he i n d u s t r y i s mere ly a w a i t i n g the d i s s e m i n a t i o n and 
a p p l i c a t i o n of new and e x i s t i n g b i o l o g i c a l and techn ica l i n fo rmat ion . 

t I 
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CHAPTER 6 

RELEVANCE TO THE AUSTRALIAN SITUATION, with particular reference to 
Queensland 

Background ^ 

There are t h ree c o m m e r c i a l l y i m p o r t a n t r r a h s spec ies caught, in 
A u s t r a l i a . The sand crab or blue swimmer (Portunus pelagicus) occurs 
a l l around the coast north of V i c t o r i a ; the mud crab Scy11a ser ra ta is 
f ound in the n o r t h between Broome and Sydney; and the spanner c rab 
Ranina r a n i n a is b e l i e v e d to be r e s t r i c t e d to the n o r t h e r n h a l f of 
A u s t r a l i a . The mud crab f i s h e r y i s l a r g e s t in Queens land, and i n 
1980-81 was worth $429 300, wh i l e the value of the sand crab catch was 
$1 517 0 0 0 - ( M a t i l d a and H i l l 1981). Ihe r e c e n t l y commenced spanner 
crab f i she r y is est imated to be worth about $250 000 (A. Pashpn, QDPI, 
p e r s . comm. 1983). 

Sand crabs and mud crabs are caught w i t h ba i ted pots and d i l l i e s , 
and sand crabs also appear in o t t e r t r a w l nets. F ish ing a c t i v i t y fo r 
both species is concentrated in southern Queensland. Demand fo r mud 
crab has been increasing s t e a d i l y ; between 1971 and 1981, the average 
w h o l e s a l e p r i c e f o r mud crabs i n the peak season i n c r e a s e d 500'S to 
around $4.25. Adjusted for i n f l a t i o n , the p r i ce increase was around 
100% ( H i l l 1982). Month ly p r i c e s f l u c t u a t e w i t h s u p p l y , wh i ch in 
southern Queensland peaks in summer and autunn wh i l e landings arf low 
f r o m June to October . The w h o l e s a l e p r i c e f o r mud c rabs i n October 
1982 ( w i n t e r ) averaged $9.80 (Anon. 1983a) and, in March 1983 
(summer), was up to $6.12 (Anon. 1983b). Meanwhile, in Brisbane r e t a i l 
o u t l e t s and res tau ran ts , large mud crabs fe tch $25 to $30 each, even 
in summer. 

A l t h o u g h t h e Queens land sand c r a b c a t c h i s s t i l l s l o w l y 
i n c r e a s i n g and exceeded 500 t in 1 9 8 0 - 8 1 , the mud crab f i s h e r y i s 
b e l i e v e d t o be f u l l y e x p l o i t e d . In some r e g i o n s o f sou the rn 
Queens land , mud crab p o p u l a t i o n s appear to have been f i s h e d beyond 
t h e i r regenerat ive capacity (Heasman and F ie lder 1977) and the number 
of p ro fess iona l crabbers has decl ined by 40% in recent years (B. H i l l , 
pers. comm. 1982). Landings s low ly increased and s t a b l i s e d at about 
200 t between 1974 and 1978, a f t e r which they dec l ined to about 140 t 
i n 1981 ( H i l l 1982). More r e c e n t Queensland F i sh Board data show a 
c o n t i n u e d d e c l i n e , b u t r e c o r d i n g o f c a t c h e s was a f f e c t e d by 
o rgan i sa t i ona l problems in Q.F.B. from 1980-81, and t h i s data is not ,\ 
r e l i a b l e i nd i ca to r of trends. Large numbers of crabs .ire known In bi' 
passed d i r e c t l y f r om Queensland f i s h e r m e n to r e t a i l o u t l e t s in New 
South Wales. I l l e g a l f i s h i n g of the pro tec ted females and undersize 
males ( less than 15 cm) width) con t inues , desp i te increased pena l t i es 
and inspect ions by the Queensland Department of Harbours and Marine 
B o a t i n g and F i s h e r i e s P a t r o l . I n J u l y 1981 a l o n e , more than 1 000 
c rabs were c o n f i s c a t e d w h i l e be ing sh ipped i n t e r s t a t e (Anon. 1981). 
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In New South Wales, regu la t i ons a l low the sale of a l l mud crabs tha t 
are 8.6 cm she l l ' l e n g t h ' (127 mm width) and over. 

With the aim of e s t a b l i s h i n g c r i t e r i a fo r e f f i c i e n t management nf the 
mud c rab r e s o u r c e , the Queensland F i s h e r i e s S e r v i c e in 1978 began 
studying var ious aspects of mud crab b io lo( |y , capture and markp t ing . 
The U n i v e r s i t y of Queensland^^is also condui led extens ive research on 
mud crab b io l ogy . 

There has always been cons iderable i n t e r e s t in farming the mud 
c rab in Queens land , bu t gene ra l i gno rance o f bo th i t s b i o l o g y and 
appropr ia te c u l t i v a t i o n technology has prevented the i n i t i a t i o n o f any 
s e r i o u s v e n t u r e s . Some of the f a c t o r s t h a t wou ld be i n v o l v e d in 
e s t a b l i s h i n g a c rab f a r m i n Queensland are c o n s i d e r e d be low and a re 
compared to the s i t u a t i o n s e x i s t i n g in Japan , Taiwan and the 
P h i l i p p i n e s . 

Before s e t t i n g up any aquacul ture venture , there are b i o l o g i c a l , 
socio-economic and lega l aspects to consider. 

The hatchery phase 

Both Scy l l a se r ra ta and Portunus pe lag i cus , which are s i m i l a r to the 
Japanese s p e c i e s P. t r i t u b e r c u l a t u s , p o s s e s s many b i o l o g i c a l 
c h a r a c t e r i s t i c s t h a t are d e s i r a b l e i n c u l t i v a t e d s p e c i e s . For t he 
hatchery phase, these a r e : -

(a) Ease o f b r e e d i n g i n c a p t i v i t y . Por tunus and S c y l l a w i l l spawn 
and hatch eggs n a t u r a l l y in c o n t r o l l e d cond i t i ons . Spawning o f 
f e r t i l i s e d Scy l l a can a lso be induced by a b l a t i o n of one eyes ta lk 
as has been shown by s tud ies in Taiwan (see Chapter 4, p. 43) and 
Queensland (N. G i l l e s p i e , QDPI F i s h e r i e s Research Br . i nch , p e r s . 
comm. 1982). I t i s e x t r e m e l y advantageous to e s t a b l i s h a 
hatchery to supply crab seed, instead of r e l y i n g on the ga ther ing 
o f w i l d f r y , as p r a c t i s e d in Ta iwan and the P h i l i p p i n e s . In 
a d d i t i o n t o ove rcoming n a t u r a l f l u c t u a t i o n s , a hatchery a l l ows 
s e l e c t i v e breed ing, man ipu la t ion of the breeding season and, in 
Queens land, wou ld overcome p r o h i b i t i o n s on the t a k i n g o f 
u n d e r s i z e d c r a b s . A u t h o r i s e d c a p t u r e of spawners , by 1 icensed 
hatcher ies on ly , could be r e a d i l y moni tored. 

(b) High f e c u n d i t y . I n d i v i d u a l f e m a l e c rabs o f bo th spec ies can 
car ry several m i l l i o n eggs. 

(c) Hardiness of la rvae. At the Tamano hatchery in Japan, s u r v i v a l 
o f Po r tunus l a r v a e has g r a d u a l l y r i s e n over t he yea rs as 
knowledge ô"f l a r v a l - r e a r i n g eco logy increased; i t now averages 
40%. The same t r e n d i s expec ted f o r s u r v i v a l d u r i n g Scy l l a 
r e a r i n g , wh i ch now averages under 6». in Japan and about 20i& in 
Taiwan. 
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The l a r v a l 

and Chapter 4. p. 4J, may havP Co VP'VdaVu. 'd ' I ' '"'^"'i'"'. ^ ' "• ' ""'^ '•">, 
. ' r o d u c t i o n f a c i l i t i e s in n p n » ; . , „ , ' ' / ' • " ' ^ '••' V ' ' - ' - ' ' ' ^ " « n d . t i 

r e a r i n g methods d e s c r i b e d in Chaut^ r 2 
o ada;iL"d 

^^ ,,, gene ra l c o u l d bi' s r a l n J down to neef the 
s m a l l e r i n i t i a l d e m a ^ f o r c rab sends. !n the t r o p i c s , summer and 
s p r i n g l a r v a l r e a r i n g shou ld r e q u i r e no supp lemen ta ry h e a f i n g . In 
more s o u t h e r l y l o c a t i o n s , g l j s shous r - s //ou M be a more economica l 
a l t e r n a t i v e to o i l - b u r n i n g heaters . 

For wa te r c o n d i t i o n i n g , i t / (ould be a d v i s a b l e to grow the 
f 1agel l a t e C h l o r e l l a , e s p e c i a l l y as C h l o r e l la is most e f f i c i e n t af, 
p r e v e n t i n g p ro tozoan ou tb reaks d u r i n g Ingh t e m n e r a t u r p r e a r i n g . 
C o n t r o l o f p r o t o z o a n p o p u l a t i o n s is more d i f f i c u l t a t h i g h 
t empe ra tu res when us i ng m i c r o b i a l f l o c k f o r wa te r t r e a t m e n t . The 
l a r v a l d i e t o f r o t i f e r s , b r i n e sh r imp and macera ted s h e l l f i s h meat 
would have to remain e s s e n t i a l l y the same in A u s t r a l i a . A r t i f i c i a l 
feed fo r crabs and s a t i s f a c t o r y a l t e r n a t i v e s to Brachionus and Artemia 
ire not y e t a v a i l a b l e . I n s t e a d o f the s h o r t neck c lam (Tape; s p. ) , 
meat of Aus t ra l i an b iva lves such as p ipp ies and cockles and of other 
m o l l u s c s and c rus taceans wou ld s u f f i c e in the p o s t - l a r v a l d i e t . 
Minced f i s h is a less s a t i s f a c t o r y a l t e r n a t i v e . 

Because o f the e x p e r t i s e r e q u i r e d and the s u b s t a n t i a l c a p i t a l 
o u t l a y i n v o l v e d in the c o n s t r u c t i o n and o p e r a t i o n o f a commerc ia l 
h a t c h e r y , seed supp ly wou ld i d e a l l y be the r e s p o n s i b i l i t y o f 
government f i s h e r i e s departments or large p r i v a t e o rgan isa t ions . In 
a d d i t i o n , c a p t u r e o f female crabs cou ld be more r e a d i l y s u p e r v i s e d 
w i th a cen t ra l i sed hatchery system. 

Restocking 

I f hatchery product ion exceeds demand by prospect ive fa rmers , i t may 
be p o s s i b l e to i n i t i a t e f i s h e r y r e s t o c k i n g , e s p e r i a l l y i n those 
reg ions s u f f e r i n g f rom e x c e s s i v e f i s h i n g p r e s s u r e . Th is k i n d of 
a c t i v i t y could only be c a r r i e d out by a n o n - p r o f i t o rgan i sa t i on . In 
the absence o f J a p a n e s e - s t y l e f i s h e r i e s c o - o p c r a t i v s tha i , have 
j u r i s d i c t i o n over d e s i g n a t e d f i s h i n g g rounds , d i s p u t e s over the 
ownership of restocked crabs are bound to occur. Problems caused by 
m ig ra t i on out of the res tock ing irnà are less l i k e l y w i t h Sry1 la and 
Portunus. When not breeding, mud crab populat ions are f i r m l y bound to 
p a r t i c u l a r mangrove es tuar ies (Heasman and F ie lder 1977). Portunus 
i s g e n e r a l l y found f u r t h e r o f f s h o r e and is much more m o b i l e . 
M i g r a t i o n s of up to 40 km have been reco rded in Japan (Seibu Region 
1980). 

N e v e r t h e l e s s , f rom an 
economic v i e w p o i n t _., _..>^..t.iii II. v i e w p o i n t , c o n s t r u c t i o n of a 

natchery is more j u s t i f i a b l e when product ion costs can be covered hv 
sales to crab farmers. ered by 
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he pond phase ' 

e s i r a b l e b i o l o g i c a l c h a r a c t e r i s t i c s fo i ;nrf g ' ' ow-ou t phase of 
q u a c u U u r e i n c l u d ^ b a p i d g r o w t h ; t o l e r a n c e j f a w i d e v i - i e t y o' 
nvi ronmenta l c o n d i t i o n s , and a d a p t a b i l i t y to crowding. 

Rapid g r o w t h . In Japan , P. t r i t u b e r c u l a t u s can hi' c a c t u r ^ d and 
marketed w i t h i n 4 months~of r e l e j s i n g '.he e a r l y j u v e n i l e stage. 
In c rab ponds in Taiwan and the P h i l i p p i n e s , S c y l l a s c r r a t a 
reaches m a r k e t a b l e s i z e (8 to 9 cm) in 3 to 5 months . In the 
waters of southern Queensland, Scy l l a does not reach leqai size 
(15 cm) t i l l t he t h i r d year froi t i the egg. Even in nor th 
Queensland, the na tu ra l grow-out per iod is 2 years (B. H i l l pers. 
comm, 1982). This could conceivably be reduced by manipulat ion 
o f the b r e e d i n g season. E l e v a t e d t e m p e r a t u r e s and eyes ta l k 
a b l a t . i o n can be used to induce m a t u r a t i o n o f gonads and 
f e r t i l i s e d eggs. L a r v a l g row th i s a l s o a c c e l e r a t e d at high 
temperatures. Crab seeds would then be a v a i l a b l e f o r stocking in 
e a r l y summer or even e a r l i e r i f m a t i n g was a l s o a r t i f i c i a l l y 
induced. ' 

While |1t would not be economical to use supplementary heating for 
the g r o w - o u t ponds, pass i ve methods o f w a t e r h e a t i n g us ing 
g lasshouses or pond covers may be f e a s i b l e . F l o a t i n g hubb le -
p l a s t i ; ' p o o l b l a n k e t s ' have been f o u n d t o r a i s e pond 
temperatures e" tc r "9«c- i r r - r f in ter f r f i s -e ly 1980). 

An adequate d i e t is e s s e n t i a l f o r r a p i d g r o w t h . S c y l l a is 
p r i m a r i l y a p r e d a t o r on s l o w - m o v i n g or s e s s i l e mol I uses and 
c r u s t a c e a n s ( W i l l i a m s 1979). Such l i v e or f r e s h l y k i l l e d food 
shou ld c o n s t i t u t e a l a r g e p a r t of i t s d i e t under c u l t u r e (as in 
T a i w a n ) , r a t h e r than mos t l y dead and decay ing a n i m a l or p l an t 
mat ter (as in the Ph i l i pp ines ) . 

Tolerance of a wide va r i e t y of envi ronmental cond i t i ons . Adult 
S c y l l a a re e u r y h a l i n e , be ing ab le t o t o l e r a t e s a l i n i t i e s f rom 
a l m o s t f r e s h up t o about 60 ppt ( H i l l 1979) , b u t , except in 
t imes of drought and f l o o d , such extreme s a l i n i t i e s ir\i un l i ke l y 
to be e n c o u n t e r e d . Feed ing , and t h e r e f o r e j r o w t h , ceases at 
about 12°C ( H i l l 1980) , and a c t i v i t y ceases be low 10°C. Pond 
water temperatures may f a l l to t h i s leve l in the south. Fatal 
d rops i n t e m p e r a t u r e are avo ided i n Taiwan by i n c r e a s i n g pond 
w a t e r dep th i n w i n t e r . I f water exchange and c i r c u l a t i o n Ars 
i n s u f f i c i e n t d u r i n g summer, h i gh wa te r t e m p e r a t u r e s and the 
consequent r i s k o f f o u l i n g and low 00 l e v e l s can cause muscle 
n e c r o s i s and death i n c rabs . B r i e f c r i t i c a l p e r i o d s can be 
endured I f there are shal low areas in the pond f o r r e t r e a t . The 
mud crab can surv ive several days in a minimum of water . 
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This q u a l i t y is an advantage in tho t r , in:por t a t i o n of mud crab'-
t o m a r k e t . Research a t the Oueen<;l,ind Dep-i '-tmcnt of P'-ima>-y 
I n d u s t r i e s ' F i s h e r i e s Res'-'-irch Rr inch l\.i^ ',hown t ^ a t at b e l o * 
ÏO^C the crabs can s u r v i v f o r u;) t " J wr.ok uu l of w,»'er m d 
sealed conta iner w i th high humid I'v { - i i r s . i i ' j r ü l i on over 'JO".) ('I. 
G i l l S f c p i c , p e r s . comm. l"?82). A t l o w e r h u m i d i i - i e s and 
temperature', around 30°C, s u r v i / i l '-\nn' di.'creases to four days. 
In T a i w a n , crabs l i e d w i t h wet s t r a w rupe tan s u r v i v o o ' j t of 
water fo r 6 to 7 da/5 in w in te r and 'é t " J d-jy m summrr. 

Disease has so fa r been less of a problem in c iab c u l t u r e than in 
prawn c u l t u r e , ^ âiid can He c o n t . ' D ' l e i by goori wa te r q u a l i t y 
management. 

A d a p t a b i l i t y t o c r o w d i n g . Both ScyjJU and Pnr tunus wi 11 f i g h t 
and c a n n i b a l i z e when crowded to any g r " a t degree . Maximum 
observed dens i ty of Scy l l a in nature is 31 crabs/ha ( H i l l 197b). 
Never the less, Taiwanese po l ycu l t u re ponds are stocked w i t h up to 
1 j u v e n i l e mud c r a b / m ^ ; and i n m o n o c u l t u r e p o n d s , i e m a ' e c rabs 
can a p p a r e n t l y t o l e r a t e d e n s i t i e s of up to 4/m'^. Only the 
supposed ly l ess a g g r e s s i v e ' w h i t e c r a b ' v a r i e t y i s c u l t u r e d in 
Taiwan. In Japan, i t wis found t h ^ t female Sc/l_[a broodstock can 

" " be field 'a~t T c r a b / m ' , bu ' -it- T/m'- , f u i h t ino becomes a s e r i o u s 
probleiTi. Such behaviour decreases w h i l ' ; thp ' rabs are in berry. 
Stocking dens i ty in the Ph i l i pp ines 1$ commonly 1 000/ha. 

Por tunus b roods tock can t o l e r a t e d e n s i t i e s o f 1 t o 3 / m % 
increas ing to 10/m^ i f par t of the claws is removed. Cu t t ing of claws 
is not p r a c t i c a l in the on-growing s i t u a t i o n however, because, w i t h 
t he ' ' r equen t m o u l t i n g o f j u v e n i l e c r a b s , the c laws would soon be 
r e g e n e r a t e d . B r i c k or t u b i n g s h e l t e r s are used in Japan ; dnd in the 
P h i l i p p i n e s , ear th mounds and t ree stumps serve as she l te r Nei ther 
method is used in Taiwan because i t i n t e r f e r p s w i t h harves t ing . 

Hud crabs are not s t r i c t l y t e r r i t o r i a l . They rema in b u r i e d 
du r ing most o f the day and are ac t i ve mainly at n igh t w h i l e searching 
f o r f o o d . The p r o v i s i o n of s u f f i c i e n t s u i t a b l e food i s undoub ted l y 
why ponds i n Taiwan can be s tocked at a r a t e ten t i m e s t h a t o f the 
P h i l i p p i n e ponds and more than 100 t i m e s the d e n s i t y of crabs in 
na tu re . 

I t should be possib le to use comparat ive ly high s tock ing ra tes in 
Queensland ponds, t o he lp o f f s e t the e f f e c t on annual y i e l d s o f the 
long growing season requi red to reach minimum legal s i z e . Po lycu l tu re 
could conceivably be used to boost t o t a l annual y i e l d of the ponds, 
w i t h o t h e r spec ies occupy ing the vacant n i c h e s ; f o r examp le , 
herb ivores such as mu l l e t . However, species t ha t are now ra ised w i t h 
S c y l l a i n Asia ( f o r example, m i l k f i s h , prawns, algae and t i l a p i a ) in 
A u s t r a l i a have the d i sadvan tages of e i t h e r low marke t va lue or 
s u b s t a n t i a l f i s h e r i e s product ion. Further research is needed on the 
p o s s i b i l i t y of growing other valuable b rack ish-water species together 
w i t h crabs. 
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Even though c u l t i v a t i o n of mud crabs m^y be b i o l o g i c a l l y 
f e a s i b l e , lega l and socio-economic f i i c to rs w i l l u l t i m a t e l y detcr 'n ine 
whether i t can succeed. 

Legal aspects 

Compared t o o t h e r areas s t u d i e d , Queensland possesses many l e g a l 
impediments to the development of a crab farming i ndus t r y . 

t 

As discussed p rev ious l y , the problem of f i s h i n g regu la t i ons tha t ' 
p r o h i b i t the capture o f f ^ a l e and smal l male crabs can be overcome by i 
e s t a b l i s h m e n t o f a h a t c h e r y . As f o r the fema le p o r t i o n o f the 
a q u a c u l t u r e c r o p , s p e c i a l p e r m i t s f o r i n t e r s t a t e and overseas , 
market ing would be necessary. I f the permi t was held by a c e n t r a l i s e d ; 
body , w h i c h s u p e r v i s e d s t o c k i n g and h a r v e s t i n g , m o n i t o r i n g by 
a u t h o r i t i e s would be s i m p l i f i e d . Although the p o t e n t i a l fo r i l l e g a l > 
s tock ing o f w i l d crabs in the ponds would e x i s t , such a c t i v i t i e s would 
be discouraged by : -

I 
(a) s i z e and b e h a v i d u r d i f f e r e n c e s between h a t c h e r y - b r e d and wi Id I 

stock t h a t irt lght be rebognlsable a t harvest or might increase the ' 
l eve l o f aggression and cann iba l i sm; 

(b) c lose superv is ion o f farming a c t i v i t i e s ; 

(c) s t r i n g e n t c o n d i t i o n s f o r the g r a n t i n g and renewa l o f f a r m i n g 
l i c e n c e s ; and 

(d) appropr ia te p e n a l t i e s . 

I l l e g a l t r a f f i c k i n g i n e d i b l e - s i z e c r a b s s h o u l d n o t be i 
f a c i l i t a t e d by the spec ia l pe rm i t system, espec ia l l y i f an i d e n t i f y i n g ! 
brand i s used f o r farm grown crabs. i 

The prospec t i ve crab farmer seeking a s u i t a b l e s i t e in Queensland j 
no t o n l y has t o c o n s i d e r p h y s i c a l f e a t u r e s such as e l e v a t i o n , s o i l 
s t r u c t u r e and chemis t r y , water supply , t i des and c l i m a t e (Chapter 4, 
p. 57 and Chap te r 5, p. 63, but a l s o i s c o n f r o n t e d w i t h a who le range 
o f r e s t r i c t i v e l e g i s l a t i o n dea l ing w i t h coasta l resource use. 

In Taiwan and the P h i l i p p i n e s , t i d a l f l a t s have been ex tens i ve l y 
c l e a r e d f o r c o n s t r u c t i o n o f f i s h p o n d s . Very l i t t l e Crown land i s j 
a v a i l a b l e fo r leasehold in Queensland, but should a p o t e n t i a l s i t e be ' 
f o u n d , a p p l i c a t i o n may have t o be made t o the l o c a l s h i r e c o u n c i l . 
Water Q u a l i t y C o n t r o l Board o f Queens land, Depar tment o f P r i m a r y 
I n d u s t r i e s , Lands Depar tmen t , Water Resources Commiss ion and 
Department o f Harbours and Mar ine, depending on the s i t e and type o f 
p roposa l (DPI 1981). P e r m i t s are needed f o r any c o n s t r u c t i o n below 
HWM (under t he Harbours Act 1955-76) and f o r any road c o n s t r u c t i o n , 
veh ic le use, excavat ion and d ra i n i ng (Beach Pro tec t ion A u t h o r i t y Act 
1967). The Department of Tourism and Housing requ i res s t r u c t u r e s to ' 
be c y c l o n e - p r o o f . A t r e a t m e n t p l a n t must be p r o v i d e d to ensure 

,MMi^-
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i . ' f f l u e n t s d i scha r i j pd f rom the p - o j e r t lo not a d v e r s e l y a^f'. 'c' ' the 
envi ronnent (Queensland Clean Waters A r t ) . Mangroves and il.her mar in " 
p l a n t ' ) ire p r o t e c t e d spec ies ( F i s n n r j p - , ^c t 1976) ind spec^ial 
p e r m i s s i o n is r e q u i r e d f o r t h e i r r e ' i i o v a l . ^^^rrr , i fp i '>00 i, n'- o^ 
mangrove f o r e s t s in Queensland. They ' ' i v e been acknow ledaed as a', 
important resource that serves as nurso» / [round fo r man/ coiime--r 1,11 
s p e c i e s , as w ' l l 3S s t a b i l i z i n g the Uiore and r e d u c m q e r i . i n n . 
General goyf^rnment p o l i c y i s to p r o t e c t t h " t i d ^ l w e t l a n d s , inH 
var ious areas of the State have boen se' aside as l l ah i l a t Reseryi;-, and 
Nat ional Marine Park. 

I t i s , t h e r e f o r e , h i g h l y u n l i k e l y t h a t an a q u a c u l t u r e p roposa l 
based on i n t e r t i d a ! ponds would be app roved , and, a c c o r d i n g to the 
Queensland Department of Primary Indus t r ies (1981), proposals should 
p re fe rab ly be based on the use of f reeho ld or leasehold land above the 
leve l of high water spr ing t i d e . 

Such locat ions may su f fe r some drawbacks, espec ia l l y of h igher 
cos t and a v a i l a b i l i t y o f l a n d , i n a b i l i t y t o usp t i d e s to f i l l and 
d r a i n ponds, n e c e s s i t y f o r extended i n t a k e and o u t l e t c h a n n e l s , 
pumping costs and lack of su i t ab le subs t ra te . However, there could be 
several advantages in l oca t i ng away from the i n t e r t i d a l zone, such as 
s i m p l i f i e d excavat ion and c o n s t r u c t i o n , the a b i l i t y to d ra in and clean 
ponds a t any t i m e , the ease of access and p r o x i m i t y t o power , wa te r 
and telephone l i n e s , more acceptable l i v i n g environment fo r s t a f f , and 
the p o s s i b i l i t y of l oca t i ng farms c loser to the cen t ra l hatchery and 
i t s at tendant f a c i l i t i e s . 

Socio-economic aspects 

The f e a s i b i l i t y of any crab farming venture w i l l a lso depend jn soc ia l 
and economic f a c t o r s , wh ich shou ld be examined t h o r o u g h l y b e f o r e 
i n v e s t m e n t is madp. These i n c l u d e cos ts of l a n d , w a t e r , power , 
c o n s t r u c t i o n , labour, t ranspor t and m a t e r i a l s ; for example, crab seeds 
and f e e d s t u f f s . 

Apart from the i n i t i a l ou t l ay , car ry -on f inance is l i k e l y to he 
l i m i t i n g to the independent entrepreneur who rannot w r i t e o f f losses 
and cont inue to pay employees' sa la r ies dur ing the development per iod . 
I n v e s t m e n t i n c e n t i v e s and o the r government a s s i s t a n c e t h a t is 
a v a i l a b l e to new indus t r i es could be h e l p f u l . 

The high cost of labour in A u s t r a l i a compared to costs in Asia is 
o f ten c i t e d as a major obstac le to aquacul ture development, flowever, 
f a rmers in Taiwan and the P h i l i p p i n e s a l s o keep t h e i r use o f h i r e d 
labour t o a minimum f o r the same economic reason . I n s t e a d , most of 
the d a i l y main tenance and r o u t i n e work is pe r f o rmed by the owner 
and /o r h i s f a m i l y , who u s u a l l y l i v e o n - s i t e . Du r ing busy p e r i o d s , 
such as h a r v e s t i n g , a s s i s t a n c e is p r o v i d e d by a m o r e - o r - l e s s loose 
assoc ia t ion of owner-operators and t h e i r f a m i l i e s . 

7« 

The o rgan isa t i on of i nd i v i dua l owner-operators i n to co-oper.il ivn-; 
i s an a l t e r n a t i v e to r e l y ' o g on the i n / o 1 v e - i o i t o f gov-"i nm."'nt i:r 
l a r g e p r i v a t e c o r p o r a t i o n s and / *ou ld g r e a t l y l a c i l i ' a t . ' the 
deve lopment o f an a q u a c u l t u r e i n d u s t r y in Que"ns lând . A largp 
p r o d u c t i o n u n i t c o n s i s t i n g of a ha tchery and as ioc ia ted facus tou ld 
s i g n i f i c a n t l y b e n e f i t from a cen t ra l pool of equipment and serv ices; 
f o r examp le , seed s u p p l y , pond c o n s t r u r t i o n , purchase o f r n a t e n a l s , 
co-ord ina ted ha rves t ing and market ing , f i n a n c i n g , t echn i ca l consul t ing 
and t r a i n i n g o f s t a f f . Government a s s i s t a n c e , s u p ? r v i ' ; i n n and 
extension serv ices would a lso be s i m p l i f i e d . 

A l t h o u g h the m a r k e t i n g channels t h rough the F i sh Board and 
p r i v a t e sa les wou ld seem to be w e l l e s t a b l i s h e d , f u r t h e r research 
shou ld r e v e a l s i g n i f i c a n t p o t e n t i a l f o r d i v e r s i f i e d m a r k e t i n g of 
c u l t i v a t e d c r a b s ; f o r examp le , i n l a n d c i t i e s , o f f - s e a s o n sa les , 
con t rac t agreements w i t h res tau ran ts , ca terers and supermarkets, on-
fa rm s e l l i j i g t o t he g e n e r a l p u b l i c , and e x p o r t i n t e r s t a t e and 
overseas, Development o f such new markets would reduce the r isk of a 
general p r i ce drop due to increased supp l i es , and compe t i t i on wi th the 
es tab l i shed f i s h e r y would be min imised. 

I ' . -Il ! 

Queensland's cur rent regu la t ions and t r a d i t i o n a l consumer 
' p r e f e r e n c e f o r 1 a r g e ' - c l a w e d t h r e e - y e a r - o l d male crabs would 
n e c e s s i t a t e o u t - o f - s t a t e m a r k e t i n g of the s m a l l e r male crabs and 
females. However, a recent government review ( H i l l 1982) recommended 
market ing o f female crabs be pe rm i t t ed for a t r i a l pe r iod . Female mud 
crabs w i t h r i p e o v a r i e s f e t c h premium p r i c e s t h r o u g h o u t As ia . 
A u s t r a l i a ' s As ian p o p u l a t i o n and r e s t a u r a n t s c o u l d be a p o t e n t i a l 
ready-made market. 

E s t a b l i s h m e n t o f c rab farms cou ld a l s o be a f f e c t e d by s o c i a l 
c o n d i t i o n s . Coas ta l land and wa te rs ire s u b j e c t t o many c o n p e t i n g 
uses ; f o r examp le , a q u a t i c r e c r e a t i o n , commerc ia l f i s h i n g , oys te r 
f a r m i n g , e x t r a c t i v e i n d u s t r i e s , r e a l e s t a t e d e v e l o p m e n t , waste 
d i s p o s a l , passage o f vesse l s and c o n s e r v a t i o n . The s i t i n g of farms 
above the i n t e r t i d a l zone shou ld overcome o b j e c t i o n s f rom most of 
these qua r te rs , provided tha t ex terna l f a c i l i t i e s ( fo r example, intake 
p i p e s ) and a c t i v i t i e s ( f o r example , e f f l u e n t d i s p o s a l ) are not 
d i s r u p t i v e . On the other hand, p rox im i t y of some of these a c t i v i t i e s 
would not be d e s i r a b l e f rom the a q u a c u I t u r i s t ' s v i e w p o i n t . Water 
p o l l u t i o n , damage to f a c i l i t i e s and poach ing wou ld be e v e r - p r e s e n t 
dangers. 

I t should be apparent from the above d iscuss ion tha t crab farming 
in Queensland is not a s u i t a b l e i nves tmen t p r o p o s i t i o n f o r those 
seeking quick re tu rns and minimum r i s k . Po ten t i a l i nves to rs would be 
we l l advised to keep abreast of developments in crab hatchery research 
in A u s t r a l i a and overseas, fo r successful mass product ion of j uven i l e 
mud crabs w i l l be the basis of any f u tu re indus t ry in Queensland. I t 
would then be d e s i r a b l e to unde r take d e t a i l e d f e a s i b i l i t y s t u d i e s 
fo l lowed by p i l o t - s c a l e p ro jec t s before e s t a b l i s h m e n t o f commerc ia l 
farms. 



As w i th any npw indust ry , ca re fu l i l a n n i n j i , >ss.n, f ,^ l u , . n 

^^"~^nT: erpecraVlT/h^enTt̂ : t . 7 , 7 ' ' ^ V ' 'Z ^̂  ^ ^ ^ " - - ' 

i 

80 

CHAPTER 7 

REFERENCES 

Introduction 

Chen, T.P. (1.976). A q u a c u l t u r e P r a c t i c e s u i T a i w a n , F i s h i n j ffews 
(Books), Lond . , 162 pp. 

Mo toh , H. (1976) . B i o l o g i c a l s y n o p s i s of a l i m a n g o . Genus Scy l i e , 
SEAFDEC Readings in Aquacul ture Pract ices (1976), 136-157. 

S tephenson , W. and C a m p b e l l , B. (1960) . A u s t r a l i a n p o r t u n i d s 
( C r u s t a c e a - P o r t u m d a e ) IV , Remain ing gene ra , Aus t . J Mar 
Freshw. Res. U , , U - 1 5 . 

1 
Japan 

Anonymous. (1980). Annual Catch in Lake Hamana, Haniana Newsl. , 1980, 
Shizuoka Exp. S tn . P u b l . , in Japanese 

Cowan, L. (1980). An I n v e s t i g a t i o n of Factors I n f l uenc ing M o r t a l i t y 
a t M o u l t i n g d u r i n g C u l t i v a t i o n o f the Japanese Blue Swioi imng 
Crab, Portunus t n t u b e r c u l a t u s , Tokyo Univ. F ish . Mastprs Thes is , 
70 pp. 

F u k u i . (1980) . 1979 O p e r a t i o n s Repor t I I , Gazami Seed P r o d u c t i o n . 
Fukui P r e f . F i s h . Farming Cen t re O p e r a t i o n s Rpt. 3, 1 4 - 3 1 , i n 
Japanese. 

F u k u i . (1981a) . 1980 O p e r a t i o n s Repor t I I , Gazami Seed P r o d u c t i o n 
Fukui P r e f . F i s h . Fa rming Cen t re O p e r a t i o n s Rpt. 5, 13 -36 , i n 
Japanese. 

F u k u i . (1981b) . R e s t o c k i n g T e c h n i c a l Devplopment Repor t (Seed 
Product ion) , Gazami. Fukui Pref . F ish. Farming Centre I n t e r n a l . 
Rpt . 11 pp . , i n Japanese. 

Gazami Seed P r o d u c t i o n Research Conference (1980). A ich i Pref , 4-5 
D e c , 1980, in Japanese. 

Gundersen, K. (1976). C u l t i v a t i o n of Microorganisms Bac te r i a , in 
Ma r i ne Eco logy I I I , 301-336. 0. K inne ( é d . ) , John Wi ley and 
Sons, 577 pp. 

H i r a t a , H. (1980) . C u l t u r e Methods o f Ma r i ne R o t i f e r , B rach ionus 
p l i c a t i l i s . Min i Rev. Data F i l e F i s h . Res. U 27-46. 



81 

Hiroshima Pref. (1977). F xpl n i'.a 11 on of L.ir,|'' Ocalo i;r's tock \ ng 
Sitp<;, 1975-/h, (Garami, Undo Ro.|ion), Mirosliona Pr"f. Ku.h. CKD. 
jtn. Ppt. 60 pp., in .Japanes". 

Hoppe, H. (l')/6). Cultivation of Microorganisms: Yeasts, m Marinn 
Ecology 111, i47-366. 0. Kinne (éd.), John Wiley and Son'-,, S/7 
pp. 

Inoko, Y., Kawanishi, M., Hirata, S. and Takaba, M. (19/9a). Release 
and tracking of the artificial seedlings of the blue crab, 
Portunus trituberculatus Vlll. Recapture and population analysis 
of crabs released at Etaj ima in 1974. Bull. Hiroshima Fish. Exp. 
Stn. _10, 43-50, in Japanese. 

Inoko, Y., Kawanishi, M., Hirata, i. and rakaba,M. (1979b). Release 
and tracking of the artificial ';npfjlinc)S of the blue crab, 
Portunus tr i tubercu la tus [X. Recapture and population analysis 
of crabs released at Etajvna in 19/"). Boll. Hiroshima fish. Exp. 
Stn. 20^, bl-56, in Japanese. 

y Iwamoto, r., Utsunomiya, T., Jinnouchi, M., Nakamura, M. and lateishi, 
K. (1973). Report on Portunus trituberculatus seed production. 
Yamaguchi Pref. Inland Sea Fish. Exp. Stn. Rev. 17 pp. 

JASFA. (1980). Tamano Centre Operations Report 1980, II. 
Crustaceans, Japan Sea-Farming Assoc. Internal Rpt. 20 pp., in 
Japanese. 

JASFA. (1981). Tamano Centre Operations Report 1981. Ga/ami Seed 
Production. Japan Sea-Farmmg Assoc. Interna) Rpt., 32 pi)., in 
Japanese. 

Kurata, H. and Shigueno, K. (1976). Recent progress in the farming 
of penaeid shrimp. FAO Technica 1 Confj?rence on Aquacul ture, 
Kyoto, Japan. R17, 24~pp. 

MAFF and JASFA. (1980). lechnical l)"vp lopmen ts in Fisheries 
Restocking in the Seto Inland Sea, 19/9. r,a<:ami Joint Rpt. MAFF 
Nansei Reg. Fish. Res. Lab. and JASI A Publ. S-41, in Japane'.c 

MAFF and JASFA. (1981). Technical Developments in Fisheries 
Restocking, 1980. Gazami Joint Rpt. MAFF Nansei Reg. Fish. Res. 
Lab. and JASFA Publ., 160 pp., in Japanese. 

Maguire, G. (1979). A report on the Prawn Farming Industries of 
Japan, the Philippines and Thailand, N.S.W. State Fish. Tech. 
Rpt. 110 pp. 

Nanbu, T. (197b). Present step of studies on mass fingnrling 
production of the blue crab Portunus trituberculatus, in Reviews 
Related to Mass Seedl ing and Larva 1 Production o_f Marine 
Organisms. Kumamoto Fish. Exp. Stn. Rpt. 81-103, in Japanese. 

82 

Okayama Pre f . (1980) . Concern ing the r iMease of ja,:aini s '>edl ings. 
Okayama Suishi Dayori _10 ( A p r i l 1980), m Japane'.e. 

Seibu Reg ion . (1980) . Techn ica l Dev» lopmen ts in R e s f o c k m g , \iJ'). 
Report on the Gazami of the Seibu reg ion . MAFF Nansei Pp(i. Fisn. 
Pes. Lab and JASFA. 98 pp . , in JciDaO'.'se. 

SISFFA. (1978). Gazami Seed Production Technical Development Ri^port, 
1978, Tamano C e n t r e . Seto I n l a n d Sea F i s h . Farming A s s o c , 
I n t e r n a l . Rpt . 62 pp . , in Japanese. 

Takaba, M. and H i r a t a , S. (1979). S t u d i e s on t a ' j g i n g methods and 
e x p e r i m e n t a l r e l e a s e o f b lue crab Por tunus t r i t u b e r c u 1 a t u s 
( M i e r s ) . B u l l . H i r o s h i m a F i s h . Exp. S t n . J_0, 3 5 - U , in 
Japanese, 

Takeda, K.' (1981) . Gazami r e s t o c k i n g o f H i u c h i Nada and the e f f e c t 
on f i s h e r y p roduc t i on . Saibai Giken lOi, 51-59. 

T a t a r a , K. (1981) . P r o d u c t i v i t y of the i n s h o r e f i s h i n g grounds. 
Changes o f p r o d u c t i v i t y i n the Seto I n l a n d Sea. B u l l . Nansei 
Reg. F i s h . Reb. Lab. _1_3' l ' ' 6 - 1 6 9 , in Japanese w i t h Eng l i sh 
a b s t r a c t . 

Yamakawa, H. (1978) . Eco logy of the c rab Scy 1 1a s e r r a t a in L. 
Hamana. Benthos Kenren Shi 15/16, 41-46, in Japanese. 

Yasuda, K. and Taga, N. (1980a) . C u l t u r e o f B rach ionus p 1 i c a t i 1 1 s 
M u l l e r u s i n g b a c t e r i a as food. B u l l . Jap. Soc. Sc. F i s h . 46 , 
933-939. 

Yasuda, K. and Taga, N. (1980b). M i c r o b i a l f l o c k produced by the 
Imamura and Sugi ta method. La mer ^ 8 , 17-22. 

Taiwan 

B r i c k , R.W. ( 1 9 7 4 ) . E f f e c t s o f w a t e r q u a l i t y , a n t i b i o t i c s , 
phytoplankton and food on surv iva l and development of larvae of 
Scy l l a se r ra ta (Crustacea:Portunidae). Aquaculture 2 . 231-244. 

Chen, H.C. and J e n g , K.H. (1980). Study on the l a r v a l r e a r i n g of mud 
crab Scy l l a s e r r a t a . China F ish . 329, 3-8. 

Chen, T.P. (1976) A q u a c u l t u r e P r a c t i c e s in Ta iwan. F i s h i n g News 
(Books 1 , Lond. , 162 pp. 

Chu, T.Y. (1971) . E n v i r o n m e n t a l s tudy of the s u r r o u n d i n g wa te rs of 
Taiwan. Acta Oceanographica Taiwanica 5 r . Rpts. j ^ , I S - ! 2 . 

F i e l d e r , D.F. and Heasman, M.D. (1978). J h l ^ j j ^ Crab. O ld . Mus. 
B k l t . 15 pp. 



Hi ir 

Ony Kah S i n . (1954). The e a r l y deve lopn ien ta l s tages of Scy 11 a 
s e r r a t a ( F o r s k a l ) ( C r u s t a c e a i P o r t u n i d a e ) r e a r p d in t h e 
labora tory . Indo-Pac. F ish. Counc. H^, l i ' i - l A h . 

r .F .B. (1977). F isher ies Yearbook 1976. Taiwan F i s h . Bureau. 

r .F .B. (1979). F isher ies Yearbook 11/8 . Taiwan F i s h . Bureau, 

r .F .B. (1980). F isher ies Yearbook l ' )79. Taiwan F i sh . Bumou. 

l i n g , Y.Y., L i n , M.N., Luo, W.S. and Tse rng , B.3. (1981) . S tud ies on 
the spawner rear ing and reproduct ion of mud crab Scyl la se r ra ta . 
China F ish . Aguaculture 24, 1-7. 

W i c k m s , J.F. (1976). Prawn b i o l o g y ami c u U u r n . Oceanog. Mar. 
Biol . .Ann. Rev. 14, 435-50/ . 

Yatsuyuka, K. (1962). S tud ies on th» a r t i f i c i a l r e a r i n g o f the 
l a r v a l Brachyura e s p e c i a l l y of the l a r v a l b l ue c r a b , Neptunus 
p e l a g i c u s L innaeus . Rpt . Usa. Mar. B i o l . S tn . Kochi Un i v . , 9 , T-
88, in Japanese w i th Engl ish summary. 

The Ph i l i pp ines 

BFAR. (1976). F isher ies S t a t i s t i c s of the P h i l i p p i n e s , 1976. Bureau 
F ish . Aguatic Resources, Mani la . 

Gr ino, E.G. (1977). Notes and observat ions on p rac t i ces of c u l t u r i n g 
S c y l l a s e r r a t a in the Western V i sayas . SEAFDEC Readings in 
Aquaculture Pract ices (1977), 154-159. 

L a p i e , L. and L i b r e r o , A. (1976). Crab Farming in the P h i l i p p i n e s : 
a socio-economic survey. SEAFDEC Rp t . , 49 pp. 

L a v i n a , A.F. (1980). Notes on the b i o l o g y and a q u a c u l t u r e o f S c y l l a 
s e r r a t a (F) De Haan. Aqua-bus iness P r o j . Dv t . Mgmt. Wkshp. U , 
Quezon C i t y , Ph i l i pp i nes , 40 pp. 

L i j a u c o , M., J u a r i o , J.V., B a l i a o , 0 . , G r i n o , E. and Q u i n i t o , G. 
(1978). M i l k f i s h C u l t u r e i n B r a c k i s h Water Ponds. SEAFDEC 
Aquaculture Extension Manual 4̂ , 23 pp. 

P r i m a v e r a , J.H. and Apud, F.D. (1976). Manual o f O p e r a t i o n s : Sugpo 
Pond Cu l tu re . SEAFDEC Aquaculture Extension Manual Z_, 18 pp. 

Rabana l , H.R. (1978). F o r e s t r y c o n s e r v a t i o n and a q u a c u l t u r e 
development of mangrove areas. Proc. I n t . Wkshop. Mangrove and 
Estuar ine Area Dvt. fo r the Indo-Pac. Reg., Nov., 1977, 146-152. 

Robles, J.B. (19/8). Observations on crab (alimango) c u l t u r e . F ish . 

Res. J . P h i l . 3, 100-104. 

84 

SEAFDEC. (1980). Fish Farming Handbook. SrAfOEC , Ph i 1 ., ,̂ 97 

Australia 

Anonymous. (1981) . Aust . F i s h . 4 0 ( 9 ) , 18. 

Anonymous. (1983a). Fish Market P r i ces . Aust. Fmt i . 42, 56. 

Anonymous. (1983b). Fish Market P r i ces . Aust. F i sh . 4 2 ( 7 ) , SO. 

DPI. (1981). Requirements fo r a p p l i c a t i o n f o r a q u a c u l t u r e p e r r n i t s . 
Q ld . Dpt . Primary I n d . L f l t . , 2 pp. 

Heasman , M.P. and F i e l d e r , D.R. ( 1 9 7 7 ) . The managemen t and 
exp lo ' i t a t i on o f the Queensland mud c rab f i s h e r y . Aus t . F i s h . 
3 6 ( 8 ) . 4 - 8 . 

H i l l , B.J. (1975). Abundance, breeding and growth of the crab Scy l la 
se r ra ta (Forskal ) in two South A f r i can es tuar ies . Mar. B i o l . 3 2 , 
1 l l ^ \'id — 

H i l l , B.J. (1979) . B i o l o g y o f the c rab S c y l l a s e r r a t a ( F o r s k a l ) m 
the St . Lucia system. Trans. Roy. Soc. S. A f n . 44. 

H i l l , B.J. (1980). E f fec ts of temperature on feeding and a c t i v i t y in 
the crab S c y l l a s e r r a t a . Mar. B i o l . 59, 189-192. 

H i l l , B.J. (1982) . The Queensland Mud Crab F i ' , h e r y . Q l d . F i s h . 
I n f o . Ser ies FI 8201, 54 pp. 

M a t i l d a , C E . and H i l l , B.J. (1981) . Commerc ia l l a n d i n g s of f i s h i n 
Queens land. Q ld . Dept. P r i m a r y I nd . M isc . Pub l . 81018, 15 pp. 

Seibu Reg ion . (1980) , T e c h n i c a l Developments in R e s t o c k i n g , 1979. 
Report on the Gazami of the Seibu Region. MAFF Nansei Reg. F i s h . 
Res. Lab. and JASFA, 98 pp . , i n Japanese. 

W i l l i a m s , M.J. (1979). Feeding ecology and behaviour of i n t e r t i d a l 
p o r t u n i d c rabs ( P o r t u n i d a e : B r a c h y u r a ) in Moreton Bay, Ph.D. 
T h e s i s , U. Q ld . 

W i s e l y , B. (1980) . Recent deve lopments in NSW o y s t e r r e s e a r c h . 
Aust . F i s h . 39 (9 ) , 5-10. 


