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Relative growth of larvae of Pacific pink shrimp Pandalus eous under lahoratory conditions
MASATO ARITAKI,'» KATSUYUKI HAMASAKI?* AND Koicul SAOTOME!»

'Notojima Station, Japan Sea-Farming Association, Notojima, Ishikawa 926-0216, : 2Yaeyama Station, Japan
Sea-Farming Association, Ishigaki, Okinawa 907-0451, Japan

The relative growth and swimming behavior of larval Pandalus eous were examined for reared individuals
during the zoeal and postlarval stages. Larval rearing was conducted using a 20 kL tank maintained at a mean
temperature of 8.0°C, and larvae were fed with diatoms ( Thalassiosira spp.) and Artemia nauplii. Larval develop-
ment consisted of seven zoeal stages and metamorphosis to the first postlarval stage (decapodid stage) occurred
after 54 days. Larval characteristics were examined based on morphological development, swimming behavior,
and points of change in relative growth of body parts to carapace length expressed in terms of allometric equa-
tions. The first and second zoeal stages were a period of transition during which swimming behavior changed from
passive to active. All body appendages appeared in the third zoeal stage and active swimming behavior was fully
apparent in the fourth zoeal stage. Between the sixth and seventh zoeal stages, larval behavior changed gradually
from pelagic to benthic. After metamorphosis to the first postlarval stage, larvae became fully benthic. The points
of change in relative growth occurred at two molting periods, that between the second and third zoeal stages, and
that between the fourth and fifth zoeal stages. These points coincided with the critical periods at which larval mass

mortality ordinarily occurs during seed production.
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Fig. 1. Measurement of body parts for larval and postlar-
val stages of P. eous. Body parts are illustrated using a
diagram of a fourth stage zoea. A, carapace length; B,
rostrum length; C, antennal scale seta length; D, an-
tennal scale length; E, antennal endopod length; F,
maxilliped 3 exopod length; G, maxilliped 3 exopod
seta length; H, telson upper width; I, telson length; J,
telson lower width; K, telson spine length; L, uropodal
exopod length; M, uropodal exopod seta length; N,
uropodal endopod length; O, uropodal endopod seta
length.
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Table 1. Morphological characteristics during the larval and postlarval stages of P. eous reared in the laboratory
Stage*
Characters -
Z1 Z2 Z3 Z4 Z5 Z6 7 PL1

Eye stalk — + + + + t } +
Rostrum teeth

dorsal — — + + + + + +

ventral — - — - + +
Antenna en<ex en <ex en<ex en>ex en>ex en>ex en>ex en>ex
Maxillipeds 1-2

exopod + + + + + + + +
Maxilliped 3

exopod + + } + + + + r
Pereopods 1-3

exopod - + + + + t + r
Abdomen

Somite 6 - + + + + + +

pleopods - u b b b/bs bs bs bn

appendix internae — — - - - + + +

uropods - - + + + + + +

* Z1-7, zoea 1-7; PL1, postlarva 1 (decapodid stage).

Abbreviations: —,

r, reduced; u, uniramous.

absent; +, present; b, biramous; bn, biramous with natatory setae; bs, biramous with simple setae; en, endopod; ex, exopod;

Table 2. Body measurements and occurrence period during the larval and postlarval stages of P. eous reared in the laboratory
Stage*! Total len\gth*z Body length*? Carapa{ce length*Z Body weight*? Occurrence period
(mm) (mm) (mm) (mg (days of rearing)
71 5.99+£0.19%¢ 5.40+0.19 1.43+0.08 1.0+0.2 1-10
( 5.62- 6.31) ( 5.73- 4.96) (1.27-1.57) (0.8-1.2)
79 6.46 +0.24 5.89+0.30 1.68+0.13 1.7+0.2 8-17
= ( 5.72- 6.79) ( 4.86- 6.28) (1.45-2.00) ( 1.4- 2.1)
73 8.13£0.36 7.45+0.26 2.15+0.10 2.6+0.3 16-23
(7.52- 9.17) ( 6.76- 7.76) (1.98-2.32) (2.3-3.0) )
74 9.20+0.38 8.31+0.29 2.47+0.21 3.8+0.5 29-39
( 8.69- 9.90) ( 7.48- 8.75) (2.01-2.90) ( 3.2-4.4) *
75 10.51+£0.39 9.41+0.31 2.80+0.17 54+1.1 31-41
( 9.50-11.13) ( 8.78-10.16) (2.57-3.14) (4.0-7.1)
76 11.84+0.60 10.40+0.46 2.99+0.20 8.6x1.1 39-49
- (11.06-13.11) ( 9.74-11.27) (2.69-3.32) ( 7.4-10.9) -
77 13.08 £0.89 11.31£0.59 3.13+0.23 12.6 +1.9 48-58
(11.33-14.52) (10.19-12.74) (2.66-3.57) ( 8.6-14.8) o
PL1 15.75+£0.60 12.90+0.45 3.72+0.28 20.6+4.0 54—
(14.33-16.71) (12.03-13.61) (2.85-4.19) (15.6-27.3) -
*1 71-7, zoea 1-7; PL1, postlava | (decapodid stage). Mean rearing temperature, 8.0°C.
*2 =20,
*3 op=10.

** Mean+ SD (range).

WX EEEXTE Z1134£K£599mm, {£&F 1.0
mgTHH, 7T~10 BREAfECHE L TRE b4 AEIC
£ 15.75 mm, {AH 20.6 mg ©® PL1 ~ & L /- (Table
2), &R, RERBILIUHWHFRORER {(Zn+10OF
Y — Zn OFEME) /Zn OFHE x 100} X, vwFnd
22~73 ¥ Z71~PLLiCE Mm%z~ L 72 (Fig. 2), [
BICHEORERIT, Z1~Z2, 25~26, Z7~PL1 105

»-7- (Fig. 2),

BRI F5 0 %ol tk B O RERE & Fig. 3 (T3 L 72,
Z1 MW A BT, SEA T IS L TR R RlD DB T
L, BENCESEMONRE AR, £, BRI
FEICEHICRON TR, MO8 &E & EIL L 728
BT HAHNMBEL /2, Z2 Ol EBIT AT ZL
[FEECTH 57, FAMIME L 1~ 3 s % F v C
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Larval and postlarval stages

Fig. 2. Growth rates at each molting of larval P. eous. See
Table 1 for TL (total length), BL (body length), CL
(carapace length) and BW (body weight). Growth
rate (%) = (Increment in mean value of each measure-
ment between successive moltings)/(mean value of
each measurement during the previous stage) x 100.
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Fig. 3. Diagrammatic views of swimming behavior at
each larval stage of P. eous. A, Z1; B, Z2; C, Z3; D, Z4-
7Z5; E, Z6; F, Z7. Arrows indicate the direction of
swimming behavior. Dots indicate artificial substrate
(E, F) and the bottom of a glass beaker (F).
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Fig. 4. Relative growth of specific body parts to carapace
length during the larval and postlarval stages of P.
eous. See Fig. 1 for the body parts. RO, rostrum; AEX,
antennal exopod; AS, antennal scale; ASS, antennal
scale seta; MEX; maxilliped 3 exopod; MEXS, maxil-
liped 3 exopod seta; TEUW, telson upper width; TEL,
telson length; TELW, telson lower width; TEA, telson
area {=(TEUW+TELW) xTEL/2}; TES, telson
spine; UEN, uropodal endopod; UENS, uropodal end-
opod seta; UEX, uropodal exopod; UEXS, uropodal
exopod seta. Symbols indicate the larval and postlar-
val stages examined. Allometric curves calculated by
the equations indicated in Table 3 are shown in the
graphs.

X ER D85 A—2 % Table 3R L7, B, &
2 kAN, Ffh, FgERRIES LU 3 FHSME T
i3, Z2H 6 23 & Z7 6 PLL ~ O B R i 25 il 5 4
BB, WIhd Z1~Z22 TRERELRL, B8
A EBAEIE CEIERICEVWAER (ADER) =L
Too Z3~Z7 DA L5 2 MAARTRVEBRRE, 8
H &8 3SR IS SR E Y, BAMETSHELER
U7ce 5 3L PLL GRILL 7o, %8 3 SIS
MIETIEZ2 95 Z3, 26 16 Z7, 3 LU Z7 56 PL1
ANOBLERHCEE S ARD B, Z1~Z2 TIEIEFICHE
W, Z3~Z6 TEHPROLERERL, 2T TH
U WHREICEE U 7=, PL1 CidsbE & RAECBIE L
7o BEIO EAN L RS CHEBED R - 7o), HigH
I > THBED LEREAET LA AR 7,
—J5, FTHTIHZ2 623 & Z4 95 Z5 ICE M SR
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Table 3. Estimated parameters of allometric equations (y Z4 ~ORi R C i SRS O, 23 F TIIER I
=gx’) between carapace length (x) and body parts () WERER T, Z4 O BRECEL -, BRENE
during the larval and postlarval stages of P. eous reared - . . ] ' e e B ]
in the laboratory ENETIEZ3 05 24 & 24 705 75 OB BRI ZE
Parameters HADH LN, FiF TIEHRELD ERE~ELT L
Bodypartst! - Stage® - n 3 5 MR 72 RIRPIIE &AM ORIR CIIZE s B -
Rostrum 71-72 40 0.7198 —0.6367 0.08693 7t PISHBE & RBRIC A R A B HURANZAL T 4
Z3-27 99 0.1454 2210  0.09987 R L7,
PL1 20 0.2968  1.941  0.08745
Antenna % g
endopod 71-72 40 05715 0.7185 0.04966
73-77 100 0.1721  3.084  0.1119 Ay AT T7THIESHEDORKER AR Tild, Ky
PL1 20 6.950 0.4634 0.06787 77T 'LQJJCDJK 7 D@H}EH{%"P PL1 /\j']" ik, H;E
scale 71-72 40 07504  0.6372 0.06033
23-27 100 0.6647  1.073  0.05025 BT L B i AT RE D ZAL e e S e (Table
PLI 20 0.7947 09736 0.06006 1o AHSITLRE, 12 LU TEEL 2
scale seta Z1-72 40 0.8952 —0.7538 0.7625 AT NI [/'ﬁjjit([) 7Z1~7Z7 (‘7‘1 1) ]/\,HB b /QP,ﬂ: x4
73-77 100 0.3409  0.6186 0.07516 ) o § o e
PL1 20 0.3385  0.6767 0.04996 tﬂﬂﬁg DN LB L, 27 R =7 Th
Maxilliped 3 CHEE L TWAN, VLT EMYE (Z5~27) Ok
exopod 71-72 40 1.054 0.5638 0.05122 EBF%‘ iﬂiﬁﬁ’]ﬁ%ﬁf%w - b ‘T’\WK’L‘Z) Cﬁ@k, 4
73-77 100 0.9057  0.9453 0.03462 S y o N ° i
exopod seta 71-72 40 1109 —0.1711 0.06622 EOBERKRE L AR ORRE BT 5 &, Z4 £
73-76 80 0.7096  0.5704 0.07485 IEIE—F L T A7, FAEER S EEARERTche
7 20 1.060 0.1681 0.06810 N&mELELD L 1IBEE 26 2 Z5 ’CHJI'f/% Ltk 5 7r
Telson . . —
upper width 71-75 100 02485  0.5485 0.09253 Yo VLT RICHRERDPZOON T 5, AR
Z6-27 40 02226 0.7552 0.05124 2V LT RO LR S B IROER (%F&y O
PL1 20 0.1501 1.017  0.08836 @ Eg/(j Tt’j ) 4 Lﬁﬂ’ Z ﬂfﬁgﬁ 7,,*5;% LT
length 71-73 60 0.8548  0.5192 0.04610 - o
74-77 80 0.7004  0.8782 0.04548 Ho 7z, FE LIKILHEETS » 0 7 T A T )
PL1 20 0.7818  0.8738 0.03986 413 Z5 /th PL1 A+ 5 L#EINTED,Y &1
lower width 71-72 40 1.102 0.0908 0.04431 OFER LT AE LS RS, BHICKIT ABEIROERIT
73-74 40 2564 —1.398 0.09328 Ak
Z5PL1 80 1367 —0.9037 0.09304 %< @ﬂﬂlﬂdrﬁi&lf%ﬂmmﬁa D, KR, WHHEORE
area Z1-72 40 0.5800  0.6763 0.06162 *{tpmﬁwlﬁri—@;ﬁ FERE L TEZOLNTWDY B
Z3-74 40 0.6485 0.3524 0.05768 Bz ShE E$¥% 1 1984 427 OARFEORETA
Z5-PL1 80 0.2814  1.096  0.07062 j 3 - I E B C ZT o
spine 71-72 40 1.257 2743 0.09809 PEL KM L T D7, 13 LA EDRBRPITLIT 25
z3 20 0.6420 —0.7364 0.08406 PL1 ~Bipz L 724, SBEOYE - BPT#MEHEE, H5H
Z4-PL1 100 0.0663 1410 0.11010 VHEKE (4°C) TEE L 2B A B g 7 m L
Uropod . - -
endopod 73 20 0.3180  0.8482 0.04316 Hk 7t Th PLIABAEL A VCEANBHESN TV
74 20 05859 07074 0.03735 (BE, KEHR), COLIET LMD, FEIZENTL
Z5-PL1 79 0.3868 1.310  0.04984 BB S0 TR O B » SRS ) THESHAB
endopod seta 73 20 0.5058 —0.9121 0.1306 -
74-75 40 03359 0.5642 0.05615 BRI LLDEEZ LN, Aﬁ‘aw"ﬂﬁ%ﬁ(fﬁrﬂ ZR5T 5
Z6-PL1 60 0.1998  1.021  0.09023 BN A EBRHNZH O TS HLE LB S
exopod Z 38 8;9;: 8‘6%0 232;‘43 SMNERTRE, *Hidﬁ&ﬁzrootvﬁ,m ﬁh@ﬂa% W, B
75-PL1 80 07470 09440 0.04302 2 fﬁﬁfﬁlﬁ\]lﬁi s, FEETHEIE, 53 %W%ﬁi’ FI
exopod seta 73-75 60 0.4132  0.4275 0.07535 MR, s X ORESHRABBHOMEMREC B 55O
Z6-PL1 60 0.2810  0.8106 0.09363 Hi sy, Z2 06 Z3 ~NDOBLERICFE O binf ns
*“‘ See Fig. 1 forﬂmeasuremenr of bn/dy parts.. ‘ %EI—'*’]i Z1~72 Tt jj E? ﬁ 7¢ 7L, LF—‘} - {/LEE%%K (D%ﬁ

*2 71-7, zoea 1-7; PL1, postlarva ] {decapodid stage).

A, A MIE, 53 FAMAERIE 5 L O RET R BB
FEEICH SR ES L 72 (Fig. 4, Table3), D

HHEN, WFNLEUWEREARL, $HICZ3 LRI IE Lid, ZLTIEINSBENZ2 B L THLMMIC jt

ISR EARL ., BREEOEMR S THE— au CrARL TGS, AHED G HEEOFRE A

B, Z1~Z2 & 7Z3~74 3HEE R L, Z5~PL1 i T+ ARG DWW TEBE L, 7 v 7 Lophius sp.
4

SHRARL 72, RRIRBCIE 72 5 23 L 73 05 BN

Cpinephelus sp., /) X 5 Krohnius filamentosus
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%, %< OMCTHEO—HLMEOM I L U ERSmEBICHER
WHEEREIY, W MEPIOBEKIC L - TFEEE N B
BEHELTVE, LI, TNOHOWENEETHD
uﬁﬂ“bmiﬁgﬁ@ﬁM®&%%n FELLORE S H
% ORBHEDELICLEDOLNB ERNT WA, L7
Mo T, hy :27777l1/ D Z1IZ B HIRR I O 5
Fid, FEKEEORR Wi 5 oD B I O F
ThHLEHERI N, EEIC Z1 OB F1aE =T R
RONTHEITH -7 (Fig. 3), Z2 TIdlmkH & L <
¥1~¥3MW%W#MbD AEF A~ DR B3 7] B

-/l kv (Fig. 3), Z1~Z2 13 ®iiEE» S
BB EE~NOBRITIICH S L2 b A,

BN i & BEVR B WE R D D EREAE
b4 HEMATRL 722, BEITFATIEZ2 »5 23 & Z4
7B Z5 ~NDWFIRHIC A I H 238D b, Z3~Z4 TIF
WIS EAR L2, 70, BEEREITES T
HEah, Z3~Z4 TIHF LA LHINL 7 - 7- (Fig.
4Twm&ochimeWﬁE%@%%%¢é:

IZBEd L T A @@t%zah<ﬂmen R DOA
A&im ZAW Tk ESRFEL /o (Fig 4,
Table 3), mfi EENAYIC T T~ OB 23 i REI 72 5
T YRS FENCIA A D ARD BN, Z4 TE X O JEH
NS U Tk d 4 2 EDATEEIC /YD, WEkEENT LD
I 72 - 72 (Fig. 3), 48], RHIC R & #EekiT
BHOBRICOWTHE TS LIETER D - 2h, Bk
TT1a DB B OMEFFIC B R &R R LT B d
DEEZ NS, iz, VITHOHEKEE CTHSHH 3
SHMISMER RS Z3 DIMEEIC AR A" Loy (Fig. 4,
Table 3), HHRIC L Ak IO T M/ > sME:
AIER OB & &S ICRBEOREEIC &> THifE s h
TWha[fgEdE2 bnb, LLEOHRFEL Z3 T Tick
KB AT X CHRRET A2 &b, Z3~Z24 133
KHOTLRETVE & REEIAVBE Ik OSER L AL B b,

Z5PHEICIHF LA EDWETERRD A VI ERE
R L7, B 3 SEMIAMENRIE 27 TEVWE R AR
Lt<mg4 ﬁMew 7, Z6 Tl E AT
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