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Certain principles pertaining to the penaeid shrimp seedling
and seeding for the farming in the sea
By

Hirosar Kurata

Summary

Recent accumulation of knowledges in several parts of the world concerning various
aspects of the penaeid shrimp biology lead the present writer to venture to study the
limiting factor or factors which may have leading roles on the distribution and
abundance of natural population of the penaeid shrimp in certain parts of the world.
Trough the investigation into published literatures and examination of the data
obtained from our own experimental seeding operations, the following principles
fundamentally reqired to the penaeid shrimp seedling and seeding for the successful
farming in the estuarine ecosystems have been developed and proposed.

1) The seedling should be of the same phase of life history as does the shrimp of
commercial size, since a more or less stable survival rate of the seedlings from seeding
to harvest must be realized for the successful farming (Life history stage principle).
The most suitable stage for the penaeid shrimp seedling, according to this prinéiple,
will be the minimum size (25~30mm. in body length in P. japonicus) of adolescent
phase (cf. Table 2).

2) The seedling should be of the life history phase in which the habitat is the most
nearshore and the population the most concentrated in comparatively narrow area so
that certain artificial habitat improvements through engeneerings may easily be applied
(Habitat principle). Accordiﬁg to this principle the best stage for the seedling will
be the earliest stage of benthic exsistance (7~9mm. in body length in P. japonicus,
cf. Fig. 6).

3) Unfortunately the most suitable life history stages of the seedling according to
the above two principles do not coincide each other for P. japonicus. Since it seems
hardly feasible economically to raise a large number of juveniles from egg until they
attain the adolescent phase in one and the same rearing tank, develoment of effective
seeding methods for the earliest benthic stage juveniles is of greatest importance.

4) Predation by various fishes foraging around seeded areas has been thought to
be one of the main cause of immediate decrease in the number of juveniles seeded
artificially in the estuarine ecosyetems. It is estimated that the survival rates as high
as 35~50 percent of the juveniles within 24 hours after seeding may be obtained by
preventing fish predations.
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5) There should be certain effective hiding agents for the juveniles in the seeding
area in order to minimize predation by foraging fishes (Hiding agent principle). The
most universal and fundamental hiding agent in the tidal eatuary where the penaeid
shrimp juveniles carry their early benthic life and they are usually to be seeded in
farming operations may be different depending on the shrimp’s life form, and has been
claimed to be the turbidity of water for the wandering species such as Penaeus setiferus
and P. sztecus in the Northeastern Atlantic, P. indicus and P. merguiensis in the Indo-
West Pacific and P. orientalis in the Pwok Hai-Yellow Sea, and shallow tide pools in
the intertidal zone between the mean lower low water and the mean sea level for the
typical consistent species such as Penaeus japonicus and P. semisulcatus in the Indo-West
Pacific. These pools should be too shallow to stay for many of the foraging fishes and
vet deep enough for the shrimp juveniles at low tides. Apart from the amount of
available foods, presence and adequacy of these conditions, among others, seem to
have a leading role in the world distribution of penaeid shrimp as well as in the
success of farming operations by seeding artificially raised juveniles.

6) Seedling should be distirbuted as sparsely and evenly as possible in relation to
their suitable habitats (Dispersion principle), since it is well known that the predator’s
ration is a function of concentration and degree of patchiness of distribution of the
prey.

7) A set of methods for the successful seeding of juveniles of the earliest benthic
existance has been developed and proposed to put the hiding agent and dispersion
principles into practice taking the best advantage of the combination of tidal and day-
night cycles when, and the bottom topography where, the juveniles are to be seeded.
Directions of improvement of the methods to overcome the restrictions by natural
conditions have also been discussed.
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Table 1. Estimated survival rates of planktonic stage P. duorarum
over successively longer intervals on the Tortugus Shelf, Florida,
Aug., 1962 to Oct., 1964 (after Munro, JoNes and Domitoriou, 1968)

Stage #) Duration between stages ) Calculated daily survival
in days | rate (%)

Pi—Pse 2.70 0. 8074

P1—Pz 5. 00 0. 7856

P1—Mz 7.10 0. 7247

P1—M-= 9.25 0. 7031

P1—Ms 11.90 0. 7898

P1—Pl1 _ 14. 40 0.8112

P1—Ple 16. 40 0. 8087

Pi1—Riz+s 23.40 0. 8202

a) Pi1—Ps= Protozoea stages 1—3; My—Ms= Mysis stages 1—-3, Pli, Ple
and Plsz.s=1—, 2—and 3—to 5—spine postlarval stages,
b) Estimates affected by sampling error.
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Fig. 1. The relations of abundance indices between two successive growth
phases of respective year class of P. azfecus population in Texas. (from
data of Berry and BaxTer, 1969)
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Table 2. Life history phases of P. jafonicus.

Duration®) [Approx. bordy length (mm)| Life form Habitats
phase from Begins in days Male Female
Embryo Fertilization 0.6 0.24") Planktonic | Offshore
Larva Hatching 14—15 0.3—5.0 do do
Juvenile Metamorphosis 30 5—25 Planktonic- | Offshore-
Benthic Estuary
Adolescent | Development 60 25—90¢) 25—110%) | Benthic Estuary-
of secondary Sound
sex characters
subadult Onset of gonad ? 90—100¢> 110—125¢) do Sound-
maturation Offshore
Adult Completion of 9 100—220 1) 125—262 ) do Offshore
gonad maturation

a) Approximate number of days in summer.

¢) Minimum size with jointed petasma.
e) Minimum size with ripe gonads.
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Fig. 2. Length-frequency distributions of P. szfiferus postlarvae collected from
a tidal creek in Sapelo Island, Ga., 1969 (after KuraTa and PaLmer, 1970).
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Fig. 8. Seasonal variation of mean total length of juvenile P. sefiferus and
P. aztecus captured at bay entrance (open circles and dotted line) and along
island beach (solid circles and solid line), Galveston, Texas, 1960~1961,

(from data of BaxTer and RENFRo, 1967)
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Fig. 4. Variation in the length of abdominal somite 6 in proportion to that of
abdomen or of the rest of abdominal somites. Abscissa denotes body length
for P. jafonicus and total length for P. azfecus. (from data of Hubpinaca, 1942
and RenrFro, 1963)
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Fig. 5. Activity patterns of two individuals of P. ‘aponicus juveniles in a shallow
tidal pool on the exposed tideland at low water. Exposures of shrimp on the
substrate were shown by empty slits. Juvenile A was 28.5mn. in body length, and
B 22.0mm. Note the differences in frequency and duration of time of exposure in
relation to the shrimp size. Short exposures (less than one minute) were
observed when shrimps relocated with receding water.
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Table 3. Development of gills in P. japonicus.
(from descriptions of Hupinaca, 1942)

Myses Postlarvae
stage

1 2 3 1 2 3 4 5 6 7 8 9 10 11
Body length (mm) 2.9 3.6 4.3 4.8 57 6.0 6.4 6.5 7.3 7.7 10.4 10.9 11.6 13.4
Rostal teeth 0/0 1/0 2/0 3/0 4/0 4/0 5/0 6/0 7/0 7/0 7/0 8/0 8/0 9/1
Mxp. 1 P O ¢t s in » 2 2 4 2 v v o lse »
Mxp. 2 Pt 0O O O 0 t S ”m 2 P  pp Z 4 Z 2
P2 O t s m m [ [ i se 2 2 z 2 2

A 0O 0 O 0 t s m p P P v v o 2

Pl 0O O O 0O 0O o o O o ¢ s p p PP

Mxp. 3 P O O O 0O O O O O O O 0O O 0O sn
AT t &t s s m p p PP v v o v o

A2 o ¢ s s m p p PP v o v v v 2

Pl O 0 O O O o ¢ s m p pp o o 4

Leg 1 P O 0 O O O O O O s s 2 o © »
Al 14 z s s m P b pp e 2 2 2 Z 7

A2 o t s s m m P b s v v o 2

Pl O O O O O O 4 s m P b s - P

Leg 2 P O O O (6] 0 O O O s se v 2z P P
Al t t s s m p p P 2z v 7 7 v s

AZ o £t s s m m p p pp v v v v

Pl 0 (6] (6] 0 (6] (6] z S m ¥/l y27) 2 s Z

Leg 3 P 0O O O O O O O O s s 2 o & =»
Al 4 4 S s m P b pp 2 7 2 2 2 2

A2 o t s s m m p P pp o v v v 4

Pl o 0 O O O O 4 s m p pp o s 2

Leg 4 A 0O O ¢ s s m p P P 4 v v sz
Pl 0O 0 O O O O O o t s m p D P

Leg 5 Pl O O O O O O O O o0 o t s s m

Abbreviations : [. large ; /I, very large; wm, medium ; », nonsetose ;
0, undeveloped ; p, proliferated ; pp, greatly proliferated ; s, small; se, setose ;
¢, trace : Mxp., maxilliped ; P, podobranch ; A, arthrobranch ; PI, pleurobranch.
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Table 4. Zonation of postlarval and juvenile P. duorarum in shallow water
sea-grass beds in Biscayne Bay Florida, March, 1965.
(after CosTeLLO and ALLEN, 1965)

Sample no. Water depth Number of shrimp Total length of
(cm) per m2 shrimp (wr)
1 15—20 13 12—25
2 20—23 9 12—30
3 30 2 15—25
4 36 0 —
5 15—30 7 12—14 '
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Fig. 6. Vertical distribution of P. japonicus juveniles and adolescents in the
intertidal zone exposed at low tide, Saijo, Aug.-Sep., 1971. Each dot
represents one individual
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Fig. 9. Probable migration route of P. duorarum larvae from the Tortugus spawning
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Fig. 10. Relation of catches of P. azfecus postlarvae
to tidal currents at Rollover Pass, Galveston Bay,
Texas, 1965. (after Berry and BaxTEer, 1969)
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Fig. 11. Responses of P. duorarum postlarvae to changes in salinity in the
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in either direction may be taken as an index of activity. (after Hucurs, 1967)
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KBRS IV B HE(FR0 SR A DT R JATE LCOBBEEIT LA LW/ERIES &b hnd, K, EHR
BE, EEREER E OBRXMHE O KBSk 5 B ERROEY S TE BT EOREIE T
Vo B b BEE T RIS OB & LT Mock (3K R OEEY S B A L, KEICEE Mg
HBHOEAEEEAL TREZCIEE 05 L TRYERKIFCHBEI L FEECECRS D, ThrE
FHEBRBEOECKMET S 2 LB CEEN <, L LATROKEZ S HREDIIE it bl Tiliay
D P. setiferus pNE LA EFEISNLCEREZ AP TR0 TG Th 5, Hi1 bh b En0mHE
¥, Mock REEHL T, KBETHH. P. setiferus BEFITEARRICE T HREKBEIC U b
i\, KBELI0MEIE TH B o TLD LI MBI THH I NI D= EDOWHHFOTABAT & LTHE
DV ED TR E D FEZ BB, HARKICKZELOm T OH\ KA MK IR b S S
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Fig. 17. Diagrammatic profile sketch of natural (A) and altered (B) shrimp
habitats showing distributions of organic material and numbers of shrimp
captured from 16.3m?2 by means of a marsh net at low tide. Total length of
juveniles ranged from 5—24.9mm. and those of adolescents from 25—89.9mm.
EHW, extreme high tide ; MHT, mean high tide ; MLT, mean low tide.

(modified from Mock, 1966)




DA % b » THLETH DI LT, A TR OKIES D & M2\ B2 T KELE
LA LI BB ORI UARDOHERE A 2 R TR TT5RG T, ABRIHLI miigch s, b
L P. setiferus fEF2 KRB E L THSRE L2 BH 2 Il LCu b LEETIE, 0k
e AR E A EBETORGTH Y, MERNPLVDLYRTHD LT,

KEDOBIE T B L 0 b1 LAn B E LTOREEN OB THS >, Hosson (1968)
1% California #5-G46%E 0 R REDOHATEIAVEKEE Licst, AOTch 2MEMTRENEE Ak - TR
AT E B LR Uikco ADMRIDRIE SRR QICALE L, KIEDSEETO EREFTLTL HRE
BOLTHMNES, HiTZ DX 5 MEENERED O OEMEEITH b, INEENBEVARCThE2{ED 2 &
X o> THREZLPAEE L DEDREX ZOEIIPNE R ) MBI BEYHETHEORILER (Confusion
factor) FEAK 5 Z LN TER EBANT5, B, 4~ = CHRTERET S ORRH L0 L 20
EOBRBERTH D, COBHLLKENENC ERHTT & - TRABRHRE 2 THA 5,
Fig. 17 w Lhug P. astecus FErF oA BAYRLAR D IAUE . D F D AVRL(LICH LTh & b I Tl
Vo BB P astecus 1% P. setiferus L1354 & bR S RIHFERYEL THH1LTHS D,

T RGBT OBMEA T 5 2T T O & FNERIAMASTZ SWhE B ch0HIEL b h 1B, s~
= CHETAKIE, D F D KEOB AR L RICEIET A & e X » CHEARCILE 5 & STk
oM IR RENRD B, Fig. 18 1 XHIME O X b T7 A<= CfF AR X 5 KALOE T -
THETHRELEKXTR LI O TH D BIMRET JHUEBR L T DHAT O LKL 1 enfifgic
b &, BFRACELF2LHEH L TEL & L LIEECES OBV F~EEMERE Uik T5,
KEAE BT - T 1emfifgic /e s & fHFRFOER LTS b EES HRCE %, KRLOETRIEE S E
THETHL VET, COMOBENCE U- THITA LI REFBHIE & OFHRNEE 00 1 HOFE
HrEE2 R (Fig. 5 2), BRER (@R, KRR CIhE#FOBHIESBER LIRS ThE
D, IRDDRMPLTHHAMETT2EEE LEBARCEIR L~ 2mDKIETIES, Lich - TKEHERVL
BHLBEY Z 2 TT55 ETHREEMSEDLIER &R - T B 2 Eabhb, AR CRED S =
L, KAE T X BT OBBIT—EICE LTI Tebh T, DERBEHA DiET L Th D, Kb
6,Mﬁ%DWﬁibmmﬁwﬁmﬁbDD?&%Q#%%%ﬁ%b%h%ﬁ,$%%l@%%%%ﬂﬁﬂ
BEELLD ISAIBRERERASNS Z LI,

Fig. 18. Diagrammatic illustration of relocating movements (shown by arrows)
of P. jafonicus juveniles at ebb tide during the day showing mechanism whereby
the shrimps are free from being stranded and able to maintain themselves
within very shallow edge of receding water.

FTC XS CKEE GG LT 5 L Bhn 2 TENE T b R b s, oo B L CRER S
D7 == R EBOBESES EEH BRI G L TEOB TR LTCLE 5, JOFENIE T
BTLRALLSCHBRD, BbME oA =3+ EL L DS, » =KL Abh 5 LEOT



B (Scuong, 1961) & ABEMCIXE CHIGH7cTE T B D - ORET S R EC 3 5 Bl o ¥ 30 3
BHob, &AHARR UG LTy v=t, Penaexs (P.) monodon Fasricius Tl DG
I bbb, Hucues (1966) oS XiudZ @= £ BAFIIKENERE TORE (Z 0B412~15em)
DI LE 2B D &~k E L D WC D - TBEIT %, * ORI TFUREfE BB T A
okl s Z Licie s, Hucres (1966) (EEIMHCARAIAS T » fo bk BTy v = R EA
TG E 35 DO TR L IR T e, UL LI DKICE 0 IE LTI L IRV KL a2 fE
F B fcd iy, ERICIKAMLDOETICE - €, 257 4~=EXhdp/ h RE, EERHE~BE Lk
TR bl X T Th 5, ThbOMRL, KRB KECKT % BT OTB 2 LA T H2EELERO
DEDOTHAH I ERRTERMN, M UMRCET RG> TRRD IR FZ TND, DL
B 6L AEIGDORIETH D, FRENDOEOLEFAFITH D &3tul, RROLH» iy LEHFE
DEARN e NAEIEI X - TR S DR EEZ BIEMLR . ZTREFEEY IR B s & CH s 5 REZE
(0122 > TH /0 & TR B ORI S L O B (1B 3R & 218, PRI R S
SHD, LLHIBRID LS -, Rice (1964) f X0° Nicur-Jones and Morcan (1966) 3HGayIC
TED B, KEREE L OnOBICHET S C N TEL, TRIRIIE, kD7 A== lifFfichb
NI-FGIL ebb transport B-ChH b, KEDOHEKIIHEX (EED 2MH L, BIRTh®2RETS. Th
LTy v = €T ORUGL flood transport B & A7edZ EAVCTE, WREATEEMIC VT HREEKIR
PTE ORGP E ARG TH B EEL BD,

Racek (1956) 1% Australia (TkiF % 7 A< = CHEOAETEESICRIAMN 7 % B dc, BEM & BR
BMEThHB, EEBMIBEUChEELT, AERITAR TFCREICESND Z Lidice 4%
PR I &R BEMNE F TIK R » T B HFEHE BRI II R MR IR » T T, ERRER T 5%
BERESRALECATERD, BIWLAZRRPREULVOBALRDL Lomh LEEEOE ZAE . K
WIS L bR ERDhEA LUTRELBE b0, L UkECE S I3, REMOEA L E L
oW o FoK B WCIRBEC S, BBMBERE R EBOST LT L 5 TRE (BT S,

FEEE DM EIC X uE, FOAEERSLE LML TN 7 4= CEIRREZDEL LD UL ED &
5 h, Bl == AW - Rl 1958), 7==¥ (M- Fl, 1956), 7 b 3 V= (EHIR
%32), Penaews duorarwm (PEREZ FARFANTE, 1969 ; CosTELLo and AvrLen, 1970), P. plebe,jus (Daxin,
1938 : Rackk, 1956), P. esculentus (Racex, 1956), P. lrasiliensis (PErez Farrants, 1965) 7o SW3GE
EENC BB, P. siaiferus (LinbNER and Anperson, 1956 ; Wiriawms, 1958 ; Jovce, 1965), P. schmitti

(Pirez Farrants, 1969), P. indicus (Hucups, 1966), P. merguiensis (RACEK, 1956), P. aztects
(WiLLiams, 1958, 1365 ; Perez Farrante, 1969), v = (Hucnes, 1966) BIvv=aw M=t (i
R, 1967) 70 SXHIRBTH B,

7= CEOBRCET A EOMRBAEM L TAaD L, EOTHOELBICRT B0 L » TRER
Besd b, FAUICETAETIEEBET5 b 0%V, B E LR35 BrkE EE TR <3t
BLThR BRI 7o & TWEAEsE4 <D CRIK, 19145 =3 - (1F, 1655 ; Ecusa, 1961 ; Ecusa
and Yamamoro, 1961 ; Fuss, 1954 ; Fuss and OcGreN, 1966 ; Wicknam, 1967 ; HucrEes, 1866, 1968), &
ZAS, WRETIEE OBMEAE ov E Rl - THEART, A, R M SRR Lk
%TH % (WiLLiams, 1958 ; Hucues, 1966 ; i - AH « (U, 1967) . FHEMIBATELHE < BELD %
DER) Liclont, HEIEREBTR DM BT EAND B EEDOIFZCER DRV IL BT il
oo HELKI T SICERY L EEEHRIE L THORE S D b RAEZTE. 2 A=V [THEH
vl S ERECHIBRAEE TS D, KBRS AR E LKA TS B, Thcad~ic s v~
&Y v EDBINFRFRELREE RBEO—BIR S A REL T A L 5 bh b, b &bk
W& EEME OBMNILNFLEFIE ERIRE Leb Tl <, PRSI &V < opdkili Lok
BT, 40k LRI B I (LR b D T LB Do BIXIE P. astecus I {TRETE



DRI KIRAIT~18CLA LT R Liswad, ThE vERC 5 & ¥R+ % (Arprics, Woop and
Baxter, 1968), o F b REMICE L THIBE S EEM L ORI TH B LXK LS B, I O= EXHET
DT AN UC b MBS BB CH 5 P. setiferts i30S BN bh s (Fig. 17 ), 7
L= R 7 = E ORFIREIN0O LB ) 8HIUET SIS L, F OB U TEE
FEHEEbh s P. dusrarum fFCI3%E O L 5 REKIIAI LR Tt O F D EEBONTHTLEFERE
ORI T Ub— T L X - TREBRAE N A DR S,

LavL, THHW2OPOEMNAIC S b by, £fkd U CRRBE & EEEE OBMEOE L
DRENE DR EATHAL L5 CEb S, Licht S THUF DA LBl —eE 2 5 L IE UGB
W L7 B7E5 5, ZOMEYEL BIcdDOEDOEIRFENRDDIL L v~ = CEOMBAS AT L
DEFEREROENZ D 37 EER B EBESR D PEAA DR B L ETH B, 7 A<= TVTh
b TELPNCEE L, IS, EREFTRS LR <, BEbEEMOBEN AL OT, N
CRENBGREIE S > TR X T THHEEELDL L, ThLORICHEL—REINCBbhsZ &
BB Do IeX¥E 5Tc - COD P ERBMBENCEETI LR L - T, — 7 <= TR E 5 T
B LIRS MBIV TH BB BIBT R ONRONDLTHS 5,

2—4 HREHMERPNER

P satiferws X U.S. A. KfgEE Mexico BEim&pEd 2 RENLLHIRE 7 v ~x O —f TH
Bo 0= EDEM IS A A i D B0 £ oik New York 236 Yucatan SEE I\
7o BN AR Licai, B, Florida LB CRIBADEAL OIS Z & TH D, EHEBITAEES
Mexico ¥& I 24 SNEMUL I EE 2 R TV 523, 4BTEB T B BMITRENIC X - T BN IR
WITERS BT hy - 7o (Perez Farrante, 1969) ,Anperson, Kine and Linoner (1949) 1% P. sefiferus
BEHOBCI SR CREA TSI T, A% < @8 TR UEIE O/ R OFEFES
TCH B, EOSHREABRICIE DX 5 B R S E IR LA, LarL, Th b0 Ry
WABETE D AN DT b 7R L Cu 7oV, PErEz Farrante (1969) 12 L4, & D= € DAL
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Fig. 19. Distribution and intensive fishing areas for P. sefiferus and P. dworarun.
Note the difference in distributions of two species around the Florida Peninsula.
(from data of ANnDpErsoN and Lunz, 1965 ; PErEz Farrante. 1969 ; and CosTELLo and
AvrLEN, 197C: Oseorv, Macuam & Drammonp, 1969)



% MBS~ TRt A A2 <, Florida 5 LA S\ { VMR RHEIR A B b, ROk
Il oW, iRt (Pleistocene) A dsi) % Florida B oEENFEAETH D, ThE
= Suwannee ¥ A #ET Mexico AW TWICHHAFREREDOTH S 5 EHERLE, LarLER
DR - TH BB B 1 TEOMKE, SMHEFETAROMCIER Lich oD, R Lz
FECH DO (S54RI SHEHE] LB EWH 130T, BACIEEIRE LT, Lk,
bhbhicd - CUREVBERE—EREFE /e kv b, ZOBBEARWELE TR T TVB I ED
FI—EBEECH S, P. setiferus 1SN0 7 A<= P E FARIERCRELHMAMENILRS 5 LBbh b0
<, 1 HEOHEN B EOHEE 5 D5 DICT5Tledy - T DR S 5 0 R, —ER b O
Fored, BUSE Ok UCIER LT B i REER DS 55 BT IES 5 by,

O EDDOFEE D IXFET A RBMEOS A & DR TH %, Fig. 19 1% P. setiferus & P. duorarum o
HHBRR A DI A S, P. astecus DARIXE TN, KEICIRT P. setiferus O UL, »
11 v Florida }EFERTRELFEAAOND, &I AHMN P. deorarum & - Tik, FBOKRITL
ARSI TS D, REIIRIINCE EZAEFR - TOTEWEGEY Lh, 4R o  Sanivel-
Tortugas 7z Obregon-Campeche KIK& WA TCoD=d HRDWHTHS (Kurkuny, 1962,
OsBorN, Macuam and Drumwmonn, 1969), 0% » FEDKigL P. setiferus » P. azlecus &1k H
B Y Pl duoraruwm WIXPBEKIR b AMER S & DR THF A TR D TH B,

MR & OFE & - TH SIS MBEOEPRMECAE TS O T, KBEEFILETRE R
FERPLETHRI TR ENTEDLRS S, 7 A~= CEADERBE L ESRE & OB G. GunTER
LA OBREMFLIT L » T W LIEH I i (Gunter, 1950, 1956 ; 1961 a, b ; GunTER and SHELL,
1958) , GUNTER, CurisTMAs and KiLLeBrew (1964) it Texas & Alabama “TfT7g - 7cl, 500E% & % %

Table 5. Average number of shrimp per haul taken
© in trawls at various salinities in northern Gulf of Mexico,
(modified from GunTer, CurisTMas and KIiLLEBREW, 1964)

P. setiferus P. aztecus P. duorarvum
Salinity
% Texas Alabama Texas Alabama Texas Texas
1941—42 1960—62 1960—62 1960—62
0.0—0.1 2.1 0.2
b 2409 } 6.8 BER] } 0.0
1.1—4.99 112.6 21.3
5.0—9.99 1,164.0 67.7 85.9 78.2 29.3 0. 05
10—14. 99 574.0 108. 4 } a0 79.6 } 741 } 1 05n)
15—19. 99 483.3 43.7 ) 53.3 ) _ )
20—24. 55 507.9 37.5 } 137 53.9 } - } 0.48
25—29. 99 367.5 54.1 ) 81.5 ' )
30— 59.2 5.6 6.5 69.0 39.1 0.9
Total no.
of hauls 109 328 1,046 328 1,128 1,461

a) 438 of these were caught in one haul in the upper Lagna Madre. Salinity was shown
as 18—20%.




RBREER A EH LT, Mexico I 7 /L= = CIROBAESHE K5 O RE OE B /o 8L TR

L7z, Teble; 5 Wh g LICERNCEET 5 IR h BAREROBES BT UL EIC X - TRIe D, %%
DR LT\ 5B X B, P. setiferus 1310% LT, P. aztecus 1310~20%, P. duorarwm [320% L - d
Bo LdvL, T OfEOEENLT OWRE EIICREICHED T F IS EE CH - T, Fhiil)
THAFBEORREERIH,bicv s BRLUTTh TR OBI LD L 5 nfBOESBESXNE L TH00, 7
WL oy, FhESEMNENDOEROERC Y - THIZHEE LTE St T B DOV T LT
WTIe e —BITOLI /oL 5725 O B DTH B, ToLinie P. setiferus ORI
EAKIRIZS = LT8R Th 5 (WinLiams, 1955 a ; Broap, 1965 ; Jovce, 1965), LU Florida 7
BRic LEESKIRIEH D D P. setiferus p3nipWIBHOBBHICIIA TS CH D, Fio—F Tk Texas
o Lagna-Madre ‘T1347.96% (HiLpEBrAND, 1958) 7o\~1.41.3% (GUNTER, 1961 a) DOEES D E T
AHTEWEED ER T b, Lunz (1956) % XN Jounson and Fierping (1956) & X 3uiE18~34% D
SEETEULS B THFER TS L t& s, Zew-Evoin (1963), Zew-Erpin and AvrpricH
(1965) ¥ X ot Zein-Evpiv and GrirriTH (1966, 1969) 1o L 2 —HEDOENERERIT P. sefiferus
P. aztecus fEAT D CRIEWESBECH 2, BET CTHhBHrHiuld ~5 %0 b 40~45% 5T
DR CTHIC80Z LA TS Z L &R Lic, 17 ABOEEMINIESBEC L - THHEEIN 52, 25°C
BT ABAMEMEL P. setiferus ¥ P. aztecus IL20% (L TH Bz,

P. duorarum T4 HEFDEIMNRE Shicd 2ADESEERHFL 0 ~47% T#H - 7z (Tass, Dasrow
and Jones, 1962), Jovce (1965) ¥ BH80kmb ¥ o /oid & A EHRKFT P. duorarum FETHIFEL
Too FER), HEEE BT PR B Lis\ IS Tl  —RANC b 7 v~ = SO A RICEED
HWHBDBETH L, Tl OANR T ERET TS E D ENRREERIZIIE DIn b EE 2 5IE0
X7\,

B 23 WE Lid— 0 MOMIBRAEE 2 Hle 5 AL H< 10 L AbhTh3, Whdb
Gause OEAINR Z S THRIITEN T B D00 HR e L L, @008 Clid BB AT 58
3 fHIIHERZEANC T ¢ (WiiLiams, 1955 b ; Hipesranp, 1955 ; Jovce, 1965) JEEHSFRICILEE LT\
5o HeaAiodRcivy North Carolina X3 fE& LIFEREOKH BRI/ 5 R OB THETS, &
WA AERAKER Tk Hutcminson (1948) A38H Lic X 5 WHHNBREERE (2 & THER) OBII7kfF
FERIBICR AR RT3 AINCiXic W T B b Hl eV 70 bRERBS I OMHEA O &4 5
TR LCW 5T LS 203, MoK DBtE P. setiferus 2 P. astecus L h §—JBH L
P. duorarum AHEF|C X 5 CEMN I T AERID BITE L, TR TH L0 HETH S,

a2y 54 =, Penaeus (F.) orientalis KisHINOUYE (¥, AABIC KT HRENLHBE 7 <= KE
D—ETH %, WEPISMING & A L E SR bR, ARRIE SR T 58 b Iizig gy
B (B3°NAHE) #Ix7e\v (BT - EE, 1969), Curune (1960, 1963) i3&a 7 A<= CfED Y
A FEDOBTOLAEERII S, 20X 5 BN AN 7 v~ = B E LT FIs i Bl
BLicbDTHB I &L, PILE 27 r== DR ER~NDE E—RLUTH LN TH D (Fig. 20), ERmE
BN 2~3T vEIZDBEEDOKREBEEAEY D, 29 534 =3 EFOSi% s - LT

EXCAARRREE TS S Z ERTERNDIA S 2 VERCIL 2 Y 51 = OAFICNE LA A
BRI —IEHb-> TOAIRTREEZ DR TV, $7n< &b KEMRSEMT BB~ 5
L, BRBROTIREDZHIEETH D, 27 54 = COEFRBEENIL S ETBbRVv, Kb
A « AFS - UTF (1967) 1 OHBMCE = COBIELIA, B B - KA (1969) 1IXATER LIcghEm
A TAECRETE L, B CIBEBARIRAC  CAET L, BEEROMI0Y% (S »MREHC
- TEIRE R, L b — OB TRINENER Lol X 2 EEE Lic, MARME S % 02 R 38
PSR CREEIR LA BB E 2 bh b, LA LTKRE b L O% v 51 = EARE I fiTgE ch
Ho HBR LI EFEZBIENRV. ETHIEAARREICIIZ O COFEEYHET HLE08H B/t
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ThBO 2 HIHCOW TR REBER X RN 70T U b 23T Tb D T b MR s
FHTH B, & 2 CHROA RS bR AN TR LREERTh 5 LHE LIHEIT, HRATHRESH
RSP IIAET S RN LG EABNCHB TE A hEHE L ThicV,

PR LR, WRZEOENN D &—HOBBHFENINRT 5 O FORBBEERIERD 2 LT
EBHDITED, ORAPBETHH D, FiIBI X 5 P. setiferus, P. aztecus 5k 002y 54 =€
TR O HIRETH B, LIS LT Florida 50 B ARBICHESY LT aMEVTh EXEETH
Bo BT OAERICON TH O bAIC T - Rt 2 BRI S R B IR D T, THORI DR
(TP ARIOICE 5 L BTN E T Do Lieti> TLORMICH T 50 £o0%, RIEDKS
VR 7 L~ = I & o THR S RBRTE LD BIREE D 2L TH B
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Fig. 20. Distributions of P. orientalis and P. japonicus. (from data of Kuso,
1949, and Hovtuuis and Rosa, 196b)

3 50 & OB BRI 5 HHMFEROETH D, BT OHITRY, BEEOMRL HHM S
NAMRY T, BREE Natantia) —ICItE U TH Hh b BHENE OE 2 FERANCIIBE AT~
THE (FToEE) EAOHBEAIR T CBOGKBEAETS 2 bR TH . WOREMEL (FlE
&), DOEBHARE L LITAEY G TRETLENOENERYE LHRT 50T, LIETD
DICE o TR E L TRIET P THire TRBHFOKEN S L BV & EIREI T THADEE LR
D 2 e 5805 (Barkus, 194 ; Hossoy, 1968) , U LEEBHEHT CHHBIHIITER L LTS bt
R L TR E D Do 7 A<= 7 7= & CIHEBFFCEIE ORI E D (& { ORERIIRH
2 Biial) ER- TRBEMEHBETLZ ENTES, Lt T, Dl & SBAELEEREEOH
BT LT, EEMTRIREL D b —B SRR TR b 5 T b &V 2 Do RIEO R 4

(preference) &3 %4 X (accessibility) @& TH 5 (Hinoe,1959 ; Iviev, 1961) , @ REERCE
BT L E EIEEN AT S TH - Th, Fhii@imun X b L RO T3 2 RENCIHE




THETHHH, 7 A~z CEYHBRTHAREIRMEEEINCFE L L > TERB I SWTIRL, 0 &20
LORRLBETH B, FIAYOEELS E VRGERCR OO TR T LAKRIRD 59 5 5
&L, D AZIE 5 THOE S EXBEFERIAEOBEREICH LTERTETSTH LD ENS
SEEDd, LA, MBI A= CEIMTLES TRIERE - TOE LA ERD 5 5Eh DL
WOBHFBRICIRSNTEL LR L VB TH L, &5 HTh5,

BHEYE 5 LoBRBIRC T, 2 LT X v AT REYER LicBoH Lk LERED
CABNLIS SR SI D & & 03D B o BAEREOBIRICEIT 5 BN S T ffhoB it X - TR I
MR T2 LRI LHIBR T, Fuss and Ocren  (1966) 13BRIEL bic BHUTES LT3
P. duorarum fIRMcbEBRICADRTLE S S E2BE L, 2% b Florida EELARBRICEY
TEER 7 4~ = CENEFCF 5 ORECHRBECTTEES S D BEC L bl TETETHRETS
B THY, KIENTDICDIXTD L S IeTER S & Ll Elidial b bideEL bitb,
—HIIYT B BB OWIERI I R DR E S &b IT sl B BiEIEE I £, MoK B 5 EXEE &
BRfE L OBMBIRE LI L - TE LB ISR LT BDTHS 5,

AR DML OEHIFEID IR 7 AV~ = CEBRHT A OHBEERCBETENE E L DB TS H DI
I<boho Tdas, LnL, e LS BEICE - TR ERD > 5@ ORBE (7 38, 737
BMER L), BEE AEMF L OBREEA VAR E X VAETH A ) IR D, B
R E LTRSS EARMICIEZF O Z LA AREL Florida MEBEICRIT 5 ERER 7 L <= CEOMEME
BATLCOBD TINS5 b b HAAREDOT LB CIIED X 5 BRIBIGRAET Tk l, Eho
Sib b APRMCIER 35 2 X MR TH B 5, FlziEs<=¥ (- Bl 1956) = P. duorarum
(TaBB, Dusrow and ManninG, 1962 ; ELpLED, 1962 ; Moork, 1963 ; HorsE and Jonks, 1963) #{¥ D~
HEPTEREA & OB Ui LSRRI h T 5,

2—5 Bkiieh{hig ‘

Florida 7KIR<> A AR RIS HT R 7 v~ = CEOREERERD, —HCkT 5 BEOHE LILGTE
B BEHFBOMMI AT B IO S MBORR ECH B &, B HracE T 5 R BaRE
EHERDTAEITEE 5 LTHRERBCEXR IR TLEDLRVDONE NS 2L THDH. Th bOBAT
CHEAREI v EBbhinve FRELb T, BERS ISR AR Y T, KREX
L UTEEB L D bika e K E L BHEEL TS, FIZIE1965ED U. S. A . KKKlT % P. setiferus,
P. aztecus 35 LU P. duorarum FEEIAY, SETHIOE N vOR, ThTh3l, 4986 L020% TH-
7o (Lyies, 1967) ¥ 7%21959~634E D EigHaiER4, 7605 + v (BER) O LIRMRANTIIEhEN26, 521
L022%T% - 7= (OsBorN, MacuaMm and Drummonp, 1969), #)¥g, HWEDO = v 54 = CEAREIIAA
BRO 7 A~ = CORECET D LIEE S D, BHHFBITTAREINC L 5 TE5 Lik#EL bhin b,
RIFIC I D WAERTC B ET IS Y e’ Bio kR X I B BEA S & 5 0, TS < i a il TR
R BB B0 BILEC IR, TRAMANEEZ 512 o TORANL, H—Bh R ot
B EEM IR D LA KEMAL DA LD 2L ThD, b LENNEMRERB O
HABLEIZL BATHS ETHE, BATEERSS ThEL2ZBREVTES 5005, %< ORBI 7 1
Y= EEICA DR S L5 ek & fo BB KR O MBI AL BT T e o TS L, IR
HIRAE > T DB TE B EBOBERES 5 L bR D EEOHIRIC Lasd b il ik EH
LD LB EERDOH DEROIFN S MIBELEE LTL ) —BEANTHA 5, BERRT2BTNC
BT, T OHOBHHERISHECIER Lt s LToBY X Vbt D, 55 ey
ThTHEEBBIEAHD,

LD T T4 = EDFITH L, A MBEREEECEIHCD - THARBBICIIR b FE i A2
L ndbDTH5H 5, EIENLERA L DA THD LV 5 R LS ORI P. setiferus
DR LT3 [MERCERICER L 5 24580 3 DT it b



FELINE T oD V<= TS E T ONBAT KR L Y B LBRETHES D 5 e BAR
BEEGE LT, Thboif s EERERNSEEEER (v 74 =), N. Borneo (P. indicus &
P. merguiensis), U.S. A. KL Mexico s (P. seliferus - P. aztecus) THH, = CEEILL
FTHRIBPENCET 5, Zh HOKBICHE U TA bR o0 &0 DB, MK, S BRI 4
TOWARDE D TH 5, FCTPGEC I TN RHHEHED L ORISR T B0 L, FMoRics
SEE, P, WP S C X AEAEA LT L - T bR S E 5 2 LM\, 13 & A EEANIBKLS
PRI & 20 D3k A M BRI~ A ot 2 BRIR DEKIR & I s B A T LT\ 5, B0
DRPERF BHOERLE L TES, TORECLE L UHREOREL GHEF AL TREER LT
VB Z EIREERIOFHA e, & OBERNITCO = CHICIBE T S BHBIUE & EOME < &, BRI
WIIC & o THRRD THERT B LD 55 THA S, = CHOBBEEBIEYE O LDV EDhRb 5T
HBRETHOT, BPOBRBEHLTIENTENE, BWHIK L TRAN I X EDh b oot
- &M BREA D . BAED (1969) WIRHEHDO 7 v~ CREEN [ 28, 3EL] v= ) 0B
P TORBREL, UL, KBREBATHTUL, ARKEYHEOLBAVERY, #TEERIEbhTL
F5, b LANTHE > TwbE, BIRSG L 5 EBEOLRGETERTVWEYEES Z &b A
5o B 7 V<= CHOMBEIRIBIRTFBEAENFEE L T 50 LT, SEIRRBIREIV-Th b
LA IS CHS BV TH D EL, Bib@BARALRELLV. WThCLTLB Y oEEs<ind
WX B LR e R T D B & ESRKREEIFIRA TR S i 5 ETh ol

ZOBEC S LIS ST ORI RE OB L CENE ETSTH D END T L L
FEFIE, H5VIEFhbh b, £FETHEHOREENEYONETFR BN TELER I DRI TH S
MEWSETH D, BRI S ORCETAEENSMB X2, W) EBRRNE & Dl aEr= v
R 5 AR Y, S9ETERTSERATHI LR L 5T, KBTI D & & %% 28
Hb,

Spotted seatrout (Cynosion nebulosus) ¥ U. S. A. KFEEEN H Mexico ¥itmir TAL 4ETHHA
Bt (Taps, 1964) TH 525, Z DADHILEREMIT O TIWL 2 DKIBIC B 2 REREN D
%o i Pearson (1929) 13 Texas -CIRE L2208 (EE60~600mm) D\ C F~AH FEir
Pt € &R ETHIFIEE LD 2650 HE Th b, Gunter (1945) (375 Texas TIB3E (FE
275~555m) AT = CAEREN HVCELRThS EERETH 5o, LD Texas THHELL
Knapp (1949) Df5HE T2, 6908RDMNT0% T2 V< = DAL L bivlc, —7, Florida i Moopy
(1950) 2NO54EKD\ THI~EIR150~300mD{EF TIL 7 v~ = CHEIAROEBLBY TH - Tce L 2H
#% Louisiana @ Pontchartrain #-ci: DarneLL (1948) 1 JUEAE100mnLl E o> B OB RKERD
(73~88%) BHhOBETEDL LR, = (A~ A A= H) BITHUTRTE L) -7, &
E00mmLL T o/ N TG O BE & NI PEYE L A R F A8 % L 8% L0, = I h T 6 % T
BT

Pontchartrain #iOIBEAUT D KIKE BALRE S HLWEEIZBOELWED THDH, DarneLL
(1958) i X Secci RIC X 2 BBEIXHR G EVEFRICILTHH6 ft (1.8m) TH HAENHBOLFIC
2 ~ 31t (0.6~0.9m) KT 5, B &2 AEEBHEINMEL, ASMVE XK1 inch THEL
WE LR BB, BAENBIENDKIKICKT 5 EREOCKREVFHCRY IO TR TE VWA Th
EERE > TR OTHA D, Hic Florida L EFEHEY Yucatan ks bk E LIcRETT 240
BRI L - Tk s (Haroine and Nowuy, 1966) @ CEMMCEIAE LA D BWICEV LV,
Mississippi KRIGELER 5 & b Vick LSKEOBREYIL 02 HEPVICEIFEICEY b Louisiana
# B Texas BHNCHNVT COBBCHAIRE MR T S, Mexico ¥ P. setiferus (LI OKE» LB
72 XA SRS (Kurkuny, 1962 ; OssorN, Macuam and Drummond, 1969),

BT b IR A DI H I E1C X o CGEOZ £ B BBIWC L - CE LW - ThB o &




X LB %, AT 2 BREWEIL BT CEM 4 E F viTlks 10, BEOW Y (LT B 2> 5100kn
LHEACET B, Uda (1966) 1 XAUEEIEOBIE IR TL1omE L TH oA REHTE3 ~5m, F)
W2 mEUTtH 5, MAOBILD - SEVISEW LV, THICEANS & AXBREOEWEEIER (1952)
PVE LDICERHC IS (19474, 4. 4m), JFAEE (19804, 9.1m), J\R¥E (19494F, 5.9~0.6
m), = (19494, 3.6m), AW (19494, 2,6m), ¥ (19494, 3.0m) 7o &I CHILERRIED
DPIe 2 54 = COXBEEFHBIM AR OE LVBERRETH S (AN, 19875 L, 1948).
WAE2HC ML L o0 5 IRFER D ABREHBIIE L JIE LT, HROE D 2RI 7 v <= D
EFCRRD TEM) BRI L5 Th D 2 LB IEeiL v S Bbh b, BB 7 <= CEOHE
BB Y L EEREENES bR L oS IR TS, Racek (1956) 13 Australia BTl
BEID P. merguiensis & Metatenaeus macleayi o3\ pfFClIEcien /s LCH D & & HICBEIT5
CEREE LT, RBEOEBEN T KBRS B Z ik TiefFz, Linoner and Baey (1968) 1%
Gemini #EH HIRE Lic Texas PEOFERIC L &3°%, P. asfecus OHROEEH BRI & C
LB B EEHRDI, P.indicus OFEEKITIRE O EABIGENIRCAER TS (Huches, 1966),
KuTkunn (1966) 1k 2 4~ = AR ORE L £ OXFEMEICE T 5 estuary OREVE CIob T, HEL
TCH D DB B IBEAIRICHE S 7 L= = CEN S — IR A R oS, S OBEENAY L L TR
BB N EXRBL T 5D, ThESEIRRPELEOHAEN L= E2REL T D0 BIeDn
i, EREEROTHIEAE L Q0B EBNT B, & ICESE LA NRERZT Bk E b b —H5 5k
FEHTHD EMHRTH LI L. W ETLARL, BICl- To 2 80 TR o hifl= CiZR <k
FHI e MCVCEE LB ID - T hASEE TR 7 4~ = CHOKEOBRHEIIAERD 2 &
TERG, BATIXIO X 5 lEESHOPEN/CRESN AW ATIBIETA DR A D TH IS, 7<=
CHEMEAF O AN SSCHRETH D, ERCEER TETIHEN LB W ES S LEbh 2D
T, EBbmEwziEn gl LTORED AR I VEETHS 5. L NEOEEI TG THIULEY
DORBIIHICAFHCBE 2D 2 LI LB =3 AF — BN e B R8T TTUH, BACACRE T
2 MBSO LMD+ I B A ER M TR d 2 03B R RV Dh b T &I %,
HiLpesranp and GuNTER (1653) 3 L78 Gunter and Hiipesranp (1954) (%t Texas ki 5
P. setiferus WHER L W2 EMO BRERE L O MCEY B 8o, Toomson (1956) 12 Ljui
Australia ¢ Illawarra @#ICHIT 5 7 <= CEERERIL6 ~187 B0 BERE L&D HENE W
(Table. 6), GUNTER, CurisTMas and Kirresrew (1964) & Xty Texas o P. setiferus YEEY

Table 6. Correlation of shrimp (Penaeids) catch with raifall-Lake Illawarra, 192441,
(Level of significance : 5 %, 0.482; 1 %, 0.605) (after Tuomson 1956)

Rainfall period Coeff. of correlation
Nov.—Mar. (Current year, summer) 0.33
Same year 0. 09
Previous year 0.70
Two years earlier 0.76
Previous 18 months 0.33
18—6 months before 0. 86
17—7 months before 0. 67
16—6 months before 0.72

1) Fishing season is from October to May.
2) Catch data refer to estuarine fishery only.



1947~ 195740 ST DRI K EEIC B LT\ os, 1958EIC BB & 7s % L3314 Uiz, 7o
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Fsd b Y, Louisiana TRMMAS &0 - THEATHEANED bivic, MH (1962) XRIEELHES
2y T4 EICOWTHG Licad, 244 LTHE BRI ED s 5 1o TedH1927~19444E D
BRHCRET AR D, BIEEIEH &% O CORFIC BT 2 BRI OBRE, SIURER (Ho4E0Y
BESBOMEDECH L) & 8 Ao HoORRE L OBV Th KR, HETHENSVLEIC
FERDEZE L Ih - 0idb T 1§ (19374 250 Th- T,

DS OREERIZOVT GuntEr and Epwarps (1969) (LIESWSE OfER AR Licss, Z0BER
DOREHERE & LTORTH 2T CrRIgR LI L B D TH 5, SusranManyan (1966) (LA FEOWHEA
RT3 IR AR OSSO BN, FET IR ORI A (R T S TIREE A R Licas, C OB
WFRE DMK L - CREEY 1% » CTHAT5 2 L23H 5 BHAHEA TE /v, Hucnes (1969 2) 1%
A X » CHOKE FEAEINT 5 & ¥k & ORIOBESREMMSHE D, Liedd - TEhIE L TBET
BT ORWER & EEREONBRENMBEE IR 25 5 EBH L, Lo LIRERIUEL D loditii kil
TP R 2 B & RS OAERRIMREEE S T AU bt th 525, LOBHPIEZ 080
R TD o BREDS P L - TRELELEIR 2@ OERIIPIBEK ERBRKOWY ThoH, BB
BT DS, TP ERJIR T AREAR D, Ulehd o THE~EV S T h s BREBWEIH D, BKED
IEE L0 OBEAEA & LG IO b LI PRI 2 Vv = G E - TR BRI ChiE
BT hE, TOBANRYAEBROE TICKMT 5155, Hic, S5l TESHLREXZ 2T
STED L, BB X BIDE o TH ATMIBIERIAE TS 2 SIC L - T, TR E LTo#kv Bt
BV D AR KEDER A UETE 0T A 5, ZORKPBDBNAEDIISETDLEIHT
ROKBETH D EBER 7 A<= SE IV &b, RERRCATE LT 5 XEAERN S5 Y
TH DS L SRS EMT S, FECET 3 {AEOKREBIOKFIEATEZ SR, 27 ) ORE ¥ C
T L A AR TR AT 2 LIl 0T, 7<= CEEERR L ERE S OB bR E s
D% bic bt THA I, HICASBREYELHESI RS &P REBRKIRICET 2 BEEEOKEC
R TERLVEEDRR IS THS I,

TR 7 L = CHRC & » THEANRBHFEROD LBV K ELREDL 2 L THh b, b TRE
FFOE LR D= © DEERRIETS & EXEE AT b KOW D LT L b PERI I B4t
TS D, Tr LA, HRE S v~ = CREELFETHHEE, BT L b B, e
BERHIC s LY EATHH LUV, fIZEBARRCERCADRD /<=, /72 CBIU7 b
3V E CREEARI LIRS LT B, RE &SR A AR TR E AR A DR D LTS
Lo\, P. duorarum % P. setiferus % P. aztecus kKFIFACIHFE LT AR E - fokikTir e o
T AEERIIATO . TV IREIE S CU R BOK OSTRA TRA 4 i e IR ED IR BRI I T A
o LB TE B, BEDAKLEAKEREYR IETHEbhh - T, b Leh B RER
FEHER Tl UE, 7<= ERHTFOBIICY S T B E LTHRIB T2 2 £23TE D2 b AL\,

o L 51, 74 CHFIETRBHOKNAET T2 LBELTEHL, LAT LERT B, K
KB FIost 35 G MBI SRR TH Bo 70 BEIRIOVTREN T - 7o & ECHRE T bh A8
£t Fig. 21 CERUCRLE LS50 THES S, b L, TEAE GRRORWTHERERME THIUL
FARTORL ERENEE BB L I CER ShB I LiebiEny (Fig. 21 A), E¥I/a- Tk
FAERUTHDIER L TEDBIIEE 505, & ORBIESHRCLS T THAL 2 LC7R5h . EHIFITKER
CHEBT ABSITBCARTIAENE OV THBBRETHES 5. 2% D EEFHCENB LI
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T B BR BT TH B 7T CRHEOWBRBEN R IT BN F R RTELTH L bhkELD L, ZDLXD
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A0, BETENDD EW5 G TS T Z SN TH 5,

TR E D235 B EE, BN RT BRUMF OS5 Fig. 21 B kR Lic X 5 lBICie B 725 5,
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e &R U TR A RIS OIS FE L TV B B binv s BE (1971 HER L
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Fig. 21. Diagrammatic illustrations showing the mechanism whereby the
distribution of P. jafonicus juveniles at high and low tides may be affected
by the bottom topography in the intertidal zone. Arrows indicate
directions of movement of juveniles during ebb tide.
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H BEEE AT £ TOWMHWC R 2 SCHRVEIRE D THL EEL RS, BHIPIELT, FDL)
BT OIEINE 2 TERE E DT AFE LB CE 202D 2 XML ERTH S 5, o bR
HERBHET AL Th, H5IHEHERY ABNCEHE L LEKTHCLTL, ZoZEfE LY, T
FTE—ORETH D,

AEFFZ L - T 5 O & D DORFRM I RELATF LA E TH 5. WAEMO RFEIRE LA O RERKK
PETH A DB T ULRETIL A, Picd L LBENRSLEERO B I 2 A DR 2 R#
T5 2 LILE TR, 7 4w = EHEIC I AR E A CRATE R - TRE LTV AHFITRE
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Fig. 22. Distribution of a natural population of P. jagonicus juveniles (7-—15m.
in body length) and frequency distribution of their dencity in the intertidal
zone at low tide, Saijo, August 17—20, 1971. Each dot means one shrimp per
square meter. Arrows indicate the water-course at low tide.
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( A ) June 24-26, 1-3 days after seeding, body length 7-13 mm. 55 STATIONS
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( B ) July 2-3, 9-10 days afier seeding, body length 9-20 mm.

51 STATIONS

—1 | nanw | m —1
18 20 22 24 26 286 30 32 34 36

(¢ ) July 811, 15-18 daye after seeding, body length 10-30 mm,
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Fig. 23. Distributions of an artificially seeded population of P. 1a fonicus juveniles
showing their variation with time after seeding in the intertidal zone at Saijo,
1971. Circles in the diagram A indicate the places where the juveniles were seeded.
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Fig. 24. Significance of hour of seeding in relation to the tidal and the day-night
cycles. Bars at bottom of the diagram indicate the duration of time within which
the predator fishes of respective category will be kept away from the shrimp.
A, diurnal feeders ; B, crepuscular feeders ; C, nocturnal feeders. Dotted zone
shows the elevation of tide pools where the shrimps were seeded, Saijo, 1971.
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