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Rheotaxis and tolerance to oxygen deficiency as factors affecting
the spatial pattern and the stock of the Japanese mantis shrimp
Oratosquilla oratoria in fishing grounds

ESEY

Tatsuo Hamano and Ken-ichi Yamamoto™'

Experiments on rheotaxis and tolerance to oxygen deficiency of the Japanese mantis shrimp Oratosquilla
oratoria were carried out in the laboratory as they may control the spatial pattern and the stock of the
animal in some fishing grounds.

An individual was entered the inlet of the center of the experimental waterway, diameter 110 mm and
length 4150 mm, with 6cm/s or 12e¢m/s in current velocity, and its rheotaxis was judged from both the
current direction and the position of the outlet where the animal exited the experimental waterway. All
large sized shrimps, 10 males and 10 mature females, larger than 28.8 mm in carapace length showed nega-
tive rheotaxis at 12 cm/s. Positive rheotaxis was observed for only two small males 13.9 mm and 15.0 mm
in C. L. at 6 cm/s. These suggest that negative rheotaxis becomes dominant with increasing current veloc-
ity and/or body size. [ts migration in Ishikari Bay was analyzed based on these results.

Behavior of animals in a sealed transparent aquarium and degree of oxygen saturation in the aquarium
were periodically observed at 20C or 25°C. Animals became inactive in Oz Sat. levels of 64.3—9.1%. Fast
waving of pleopods occurred in O: Sat. 39.4—16.2%. Lying animals under paralysis which were unable to
pick themselves up occurred in O:= Sat. levels of 11.1—7.9%. Asphyxia was caused in O: Sat. levels of
11.1—4.5%. The resting oxygen consumption rates were 0.094 and 0.168 mg/h/g at 20C and 25C, respec-
tively. The level of no excess activity were 32.1 and 37.8% at 20C and 25C, respectively. The results in-
dicate that the low oxygen saturation levels of the bottom water in September in the eastern part of the
Sea of Hiuchi Nada, the Seto Inland Sea, have marked physiologically effects and is a factor leading to the
reduction in stock of O. oratoria in it.

1T U

117—129 (2005)

UTHEIT 2 REMEDSSRIE S T\ 4, ARFE TR

3 % 2 Oratosuquilla oratoria (De Haan, 1844) ¥, OAK
KEHOBEORKIZERL, AHETIIRMMET, 3
EREANELCTEREMATEESI N TV S, KRS,
AR SRR 23 505, FRLTHEY vl ko
%3, BRICECUTEORER L E - TEFT L, 72,
R A AL LR E SOBRRIAT A, BEROFCTERL
THRARE L, BELELEROPICHE LR TER
Bk, BRI LREETE YT A LBHbNTY
A5,

L Lad s, LEEARETHE, ¥ v 20583 R a i

JERF oY v 32X )i o/METERBEDMCBES NS
T ARG A ZHRE WY, FBHTERCREDED
AE L LR - AL, CoBERE, Bz sRE
& HITANIRIE LB RIEAMEFC L - THEAZEB LR
T a, BREICHS THARNEEIT A 2 L2k - TF
LB EHEHL7,

—7, RREOY v, BICERICEEL-EEEK
AR CREILY, BESEESEE LRI, $A00
IZERICEAT A STV EY, KRBERETHE
24T 28BN, B vy 20 —EIiBETL 50
D, BE o724 OEIIETT 5 L ORBEIEER L,

2004411 A 2 H54F. Received November 2, 2004.

% 1 IREE KA EY A SR (Department of Applied Aquabiology, National Fisheries University, Shimonoseki, Yamaguchi

759-6595, Japan).

% 2 BURIY EEKSE (Corresponding author : Phone, +81-832-86-5111 ; Email, hamanot @ fish-u. ac. jp)



18 i i

A NEOBRBEIERD Y v 2 PE LD vy 205 AE)
REXTIZE L /-Kawamura ef al.'"ViE, BIBESERICHELS
BLERLTHEY vtk 295, 9 HBEICIBRIZEET 2
BEEFARIZ L oC, BHFRIHLFRBL VEHFIS
AT AHEY v TIIFETT 5 LHEHL 72,

IO Ehs, BHIIBITA L Y IOBREELYH
BLEFEHEA4T) 201213, v 2o has - TR
;T L Nh, AREAKEIG L CEOBRBEOMESD S
DE RIS Z LU ETH D L ER T, T2, B
FEMEELEL T 52813, FROBEBEELEET
O ELATESBREE TRET ADIILHETD, £+
IC, Yr aHEPEOERE L ABERHEICER L, K
HERFRMGEEEERER S (UITRFAEL) 2BV TE
NEREFEM L 72, UEREEHIEINEBCEL, BF
TIDBIR MR A TR Y vy 2 b KB s hTw
L0T, EREEOATIESTH 5,

2 MRI EREER

R - ok HD AR L 7 AiBE T B BT A LR
X aOBEIZONT, FORBEBHMILY ¥ 20FEOER
HILoTEREENTVEDOTERWREE R, EEREE
EEMEL T v 2OWMNIE T A RLEEISE L, T v
BT A TTHEE Stomatopoda T, FEFIEICET 2 AL
s

o

2.1 MEERE
2.1.1 EBREE (Fig. 1)

B o3t e = v 2 A LT, EFL1I0mmE X4150
mm D EEFKEE L BEL 72, KEEOHRIICE, EREEE
KEEWZEY Ch 7200 AN & MFCERE LT 72, £
72, KEEWROBTTIITESE S A L9 (#1280 B
D, 630X470X440mm DR 7 ¥ L B ERAKED E
FIZRERITCELAAT, Py adkEroicar
EEKB O HREREICHED 2 X910 Lz, ¥ v Tidik
ELPoFE LT bidd v, —BRMEIZED 2%
WH ORI IR A RSO Sk o 72, WO KED
BOBAIER Y 7 2 Hh Mo TIRE S ¢/, ERFEEICD
DRy TOEREZRKFMEZEZ TREOFRIHMLE
otz &B, HBEAOWEKIE EROERIED L7220
K E AN 72,

2.1.2 ZEBREMK

EEEMRE, AARBERERSNEGO AN C/N IR
RIS L DIREL 2, B, BRIk, i
PRIELTW RV v 22RO L, BARBKEZ2TRL
PRI LTRE Lz, KB, Wit = vEELY
WL ClEo /e ALHEARY #3%&EL, 7HY Lt x7
IEBEMAL, HE 1 ~15HRICTTR AR EA TER
WL 7o,

FEEMERIE, R4 X2k o, MBI, SR, KR

> T

‘Punq{

Valve

9110

Inlet ///////
4 6110 4

Cross-section

Outlet <«

Thowm

//hH —= outer

2073

2073

Fig. 1 . Diagram of the experimental set-up to study the rheotaxis of O. oratoria. Four different currents,
6 cm/s and 12cm/s of left- and right-flowing currents, were supplied by changing the direction
and number of pumps. Trials under each current condition were repeated 25 times for each
animal which was entered from the inlet. Sizes in mm.
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Table. 1 . Frequencies representing the positive or negative rheotaxis of O. oratoria.
Positive or negative rheotaxis were judged from both the current direction and the position of the outlet where the
animal went out. Left : Right denotes number of times that the animal went out the left outlet and the right one, re-
spectively. The left current and the right one were supplied 25 times each (total number of 50 trials) for each test
animal, respectively. *: P<{0.05, **:P<C0.01, ***.P<<0.01.

Water Carapace Total Body 6 m/s 12m/s
Size temp. length  length weight Positive - Positive -
group  (C) (mm) {(mm) () Negative Left : Right Negative Left : Right
Small  23.1 10.1 50.0 1.2 29 121 27 023 25125 28 . 22
males  23.1 11.0 52.5 1.4 30 120 25025 27 .23 22 128
22.8 13.1 59.9 3.0 29 121 24 126 27 .23 22 128
23.0 13.6 62.6 2.9 26 .24 2525 24 126 2129
23.1 13.7 68.5 3.6 28 1 22 21126 25125 21126
23.1 13.9 69.0 3.9 33177 22 .28 24 128 26 .24
23.0 14.0 64.0 3.5 28 122 27 .23 22128 21 .29
22.8 14.1 64.2 2.8 29 121 24 126 23 .27 26 .24
23.0 14.8 68.7 4.3 30 120 23027 22128 25 025
23.0 15.0 72.0 4.3 38 12— 26 . 24 24 126 23027
. — . 243 © 257 .
Total - - - - 300 1 200— 247 © 253 21.3795.7 238 1 262
Average 23.0 13.3 63.1 3.1 30.0:20.0 24.7 1 25.3 ’ o 23.8.26.2
Middle 22.5 21.2 98.0 17.3 24 726 23027 22028 19 731
males  22.5 22.0 101.0  28.3 27 .23 28 .22 17 133 22 .28
21.8 23.0 105.0  31.0 29021 24 726 2327 26 124
21.8 23.3 111.0  18.1 28 1 22 27 023 2327 27 .23
21.8 23.5 1.0 19.3 28 122 26 . 24 151357 25 1 25
20.5 24.0 112.0  21.6 26 124 26 . 24 22128 25025
21.8 24.2 114.0  20.2 27 123 26 .24 24 126 25125
21.8 24.6 116.0  20.7 30 120 25025 14 7367 23027
22.5 24.7 119.0 22.3 28 1 22 29121 22128 3119
20.5 24.8 118.0  27.2 28 1 22 29021 24 126 23 .27
Total - - - - 275 12257 263 1 237 206 . 294 246 254
Average 21.8 23.5 110.5 22.6 27.5022.5 26.3:23.7 20.6:29.4 24.6 1 25.4
Large 17.6 30.7 142.0  37.2 15 :35= 28 . 22 9:41=— 3020
males 17.4 31.0 144.0 44.4 17 1 337 18 : 325 5:45— 22 .28
17.8 31.4 143.0  41.0 23 .27 22128 13 37— 24 7 26
18.2 32.8 157.0  54.7 20 © 30 27 .23 644 27 .23
18.2 33.2 160.0  54.0 18 : 327 27 .23 10 40— 25025
17.1 33.7 153.0  53.8 12 1 38= 27 .23 5145 24 7 26
18.6 34.4 148.0  41.0 18 : 325 27 123 12 : 38— 25 125
19.1 34.5 162.0  55.1 16 : 34= 2525 6 44— 27 .23
19.5 34.5 158.0 50.4 16 1 34= 2228 11:39=— 28 122
18.0 34.9 162.0  59.8 19 131 26 . 24 9:41=— 24 126
Total - - - - 174 1 326 249 1 251 86 . 414— 256 . 244
Average 18.2 33.1 152.9  49.1 17.4:32.6 24.9725.1 8.6 .41.4 25.6 124.4
Large 22.0 28.8 132.0  32.8 151357 26 . 24 71437 24 7 26
females 21.0 30.0 153.0 43.1 18 : 325 19 : 31 11:39=— 23127
18.6 30.5 140.0  37.0 13:37— 26 . 24 6 44— 25025
21.0 31.0 160.0  49.8 20 130 2129 10 1 40— 28 122
20.6 32.3 148.0 42.6 11 :39=— 24 26 81427 23 .27
21.2 32.6 169.0  52.2 23127 30120 11:39= 28 .22
21.2 32.8 162.0  53.4 20 7 30 31:19 6 44— 27 .23
17.4 34.5 178.0  51.4 20 7 30 27 .23 7437 28 . 22
18.7 34.9 162.0 56.2 11 :39=— 26 124 347 24 : 26
17.0 34.9 149.0  47.7 14 136 20 730 9:41=— 26 .24
Total - - - 165 1335 250 250 78 1422 256 . 244

Average 19.9  32.2 155.3 46.6 16.5133.5 25.0125.0 7.8042.2 25.6:24.4
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Fig. 2. Diagram of the experimental set-up to study toler-
ance to oxygen deficiency by O. eratoria. Behavior
of animals in a sealed transparent aquarium and
the oxygen saturation level in it were periodically
observed. Four series were tested : 10 medium
sized animals at 20°C, 5 large animals at 20C, 10
medium animals at 25, and 5 large animals at
25C. Sizes in mm.
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Fig. 3 . Temporal change of oxygen saturation in the sealed
aquarium shown in Fig. 2 for the medium (M)
and large (L) sized animals tested. Letters indi-
cate the time when the behavior was initially
observed in O. oratoria examined. F : fast waving,
I: inactivity, P : paralysis, and A : asphyxia.
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75.0%) T, Wi, BREEHESRTTL100-T,
TR, IS, E, RIEONRICFBLL 72 (Table2), 7H
TS IREEDS IR U 7o MR B 1364.3~9.1% TH W @
WENRE P72, T2, TORELRE ML 720K
b 7R (1R 021.9%) B - 72, FREIZ30MEE (R193.8%)
TRO L, BEREMEIL1~7.9% CHEIAL -, KL
BRRAAE11.0-4.5% ClRRE& 7, Th o DIREED RIT
BERFREHE (1, MEREE R B 1 X B R 2 E 14 RR
W HM ot (Table2),

2 x aOREREFIIIE NS b 7o, BREAESET
T5EEREZRCE LIz, FRIFHE, RAFERITRD
PR £ B H30E O TRIEICW o ) Bl T
A5, BEEAAMEAMRT Lz & &1, BEROEETREN R
RIS Y 60 mEL BB A9 IR 0> v &S] Fast waving
AR (&1RD96.9%) TEIZ SNz, AT
B AR L R RAIRIE1239.4~16.2% CTH - 7278, HEE
LFRE L DRI EIER S Lz (Table2). 20C CTOPEIED
T2, DEERRESEHE SN WE TR
B, FOEHETHELOB G EFIBIE S 4L72 (Table2 ),

FERAHE L R B ORI NEL D HFTE L - TR

FEBEIE, RECILIENEETCH 7 (Fig. 4).
FIT, YA XEEELT, WBENCT-520ET L
OUZ LTI AT = 720 BRI Y 0 E TR T 20
DEEFEIRE TH L ERSANBEEFBICL T, #hID
RWEERRE CIIEBREEEESEMIIORI L, 2 XY
EVWERRBEE CTEBRREERE —CL R AETY 4@
FL7ze 72720, 1ERTHBICIREL % o 2 1RI1CHIE L
T 3R Lz, SOEFAEEAYT 51213, ERE
BRI GBI R ER R T (B 2RO 20LEDSD 5,
FIC, B (Fig. 4) 5, WIEERBEEREI TSR
FBANE20~50% DR H B LHKI L7 L CRD I H LT
BHLA, COHBKLDLEEOT—FIZ20T, F0
T ¥ R EHEIN L DEFEAEIVN ST — 1T, R
TRFEILL o TCRAY=aX+baEAL, FOF—-5 %
EHEN LD BERMEIRET— ¥ L TdY=c
FWEALT, hbH 2AOEEFHHOME KDz, #L
T, TN RN D7~ 5 FEEREL 72, ZORE,
R EOGEIRIE, 20T TR EMEROBE R BFIE25.6%,
25T CldHAMEIR OB R A FIE35.9% C, T ENOmE
KRN EBD

20C Y =0.00378X—0.02732

Y=0.09414
25C Y =0.00505X—0.02308
Y=0.16789

ZIC, XIEERRBAE (%), YEEEREERE (ng/h/g
Thb, 2ADETHE L TEHEENL BIEH PRI E
i, 20CTI332.1%, 25CI337.8% CTh -7z, T2, W
FRlZ S v aHERE T AR EII25C TIi30.168me/h/g
T o 7275, 20C TIE0.094 mg/h/gk A7k <, 25CTIE20C
DLEOBRAEET L LB L (Fig. 4),
FeR A L, AEREFEASER FETSHEEO T ¥
T ORI SR L B ST A AYF — 5 2518 2 L
7mF 2 T 6K Ao TEBEM A EIE L - BT
i, ERERAIES0% & 21.1% THILEN 1 AP EET L,
9.8% T4 KA BIL L 72, ChHDOFHHEEFTEY S &
18.4% 73572y REBTD, R EBRS W ERENE
WZDWTRT 4 X% ZBEATI220T L 25C OFE R4 LB L
kA, MEIEZAELENDD (Mann-Whitney DU
g, P<0.05), € OFIGMHEIEBT T.4%, 20T TIE
6.2% LEHH Sz (Table2), 2% H, KR - HOE
BRKIR13.9~18.3C L D MW KR CERA T - 2212 e
b 5T, ZOBRERAEOMEITER - mHAO1/2~1/312E
2oty T, bbb ERIIM - 720 v 20BFEE,
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Table. 2 . Oxygen saturation (%) of O. oratoria when each behavioral response was firstly observed.
Fast waving : the back-and-forth motion of the pleopods with gill is maximal and its frequency is more than
60 times/min. Inactivity : the animal picks itself up slowly after lying by manually rotating the aquarium and the
body bends the dogleg form. Paralysis : the lying animal is unable to pick itself up and its appendages slightly
move only. Asphyxia : the animal never moves after manually rotating the aquarium.

Water Carapace Total Body Oxygen saturation (%)
temp. Size length length weight Fast Inac- Paral- Asphyx
(c) group Sex (mm) (mm) (g waving tivity  ysis -ia
20T Medium Male 18.0 86.3 8.5 29.6  21.2  10.1 8.5
Male 19.1 85.8 8.8 29.6 10.1 9.7 8.9
Male 19.7 88.9 10.0 29.6 11.0 8.9 8.5
Male 20.3 93.6 12.2 29.6  21.2  10.1 7.8
Male 21.1 94.5 12.6 29.6 - - 11.0
Female 20.3 94.8 11.4 29.6 18.1 8.9 7.7
Female' 20.4 94.6 11.4 29.6  10.1 8.9 7.7
Female 21.3 98.8 13.0 29.6 - 10.1 9.7
Female™ 21.6 98.0 12.8 29.6 - 10.1 8.2
Female' 22.5 105.1 15.8 29.6 18.1 9.7 7.8
Average of data presented 20.4 94.0 11.7 29.6  15.7 9.6 8.6
20T Large Male 25.3 123.8  22.9 16.2  11.0 10.7 7.1
Male 25.9 121.5  22.5 16.2 2.9  10.7 8.2
Male 26.3 122.0  19.3 16.2 - 10.7 7.1
Female™ 26.7 133.7 29.7 16.2  12.9 11.0 7.1
Female 28.6 136.9  33.5 16.2 - 11.0  10.3
Female 31.0 156.5 45.2 16.2 - 10.7 9.2
Average of data presented 27.3 132.4 28.9 16.2 12.3 10.8 8.2
25T Medium Male 18.9 86.0 8.2 35.9 35,9 11.1 7.5
Male 19.1 89.2 8.8 35.9  27.4 11.1 5.9
Male 19.3 92.4 9.5 35.9 27.4 11.1 5.9
Male 19.8 96.6 10.7 35.9  35.9 9.6 6.3
Male 20.1 96.8 11.2 35.9 27.4 11.1 7.5
Female™ 18.8 90.6  10.7 35.9 42,7 8.3 5.9
Female' 19.1 95.3  10.1 35.9 64.3 11.1 5.9
Female 19.1 96.0 10.9 35.9  35.9 9.6 6.3
Female 19.6 92.1 10.1 35.9  27.4 8.3 7.1
Female' 20.9 102.4  12.1 35.9 57.0 11.1 7.1
Average of data presented 19.5 93.7 10.2 35.9  38.1 10.2 6.5
25T Large Male 28.8 128.8 28.6 - 13.1 - 7.9
Male 30.6 144.5  35.7 39.4  49.4 7.9 4.5
Male 31.3 145.5  40.0 39.4 9.1 7.9 4.5
Female 29.5 145.1 34.6 39.4 9.1 7.9 4.5
Female' 29.8 143.6 38.7 39.4 61.8 9.1 5.9
Female™ 29.8 139.2  35.1 39.4 - 7.9 7.1
Average of data presented 30.0 141.1  35.5 39.4  28.5 8.1 5.7

"Individuals with maturc ovary, expected to spawn within a week, from an advancement on its single
triangular shapc on the ventral side of telson”.
"Individuals with developing ovary judging from its ovarian shape smaller than maturce onc.
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Fig. 4 . Changes in oxygen consumption of O. oratoria with oxygen saturation. Arrows show the dividing
point to apply two regression lines, Y=aX +b for lower data and Y=c¢ for higher data, of data
set at 20Cor 25T for large and medium sized animals combined. The point was decided by the
least amount of the residual sums of squares of two equations. The X and Y value of the in-
tersection of two lines are the level of no excess activity and the resting oxygen consumption,
respectively. Data after the asphyxia firstly occurred were eliminated.

PRE L 750 OB BHE & £ 53R & i 7o SEE) R
WEERENIZIRLETH - 22 bbb, FEMICANRESR
KB AEERTLALZTTORWVIREETH - 72 L ¥
W& AL, KR MAOEROEEIL, FELHTORE
R, RERFERT CTOLHBMOFEHER EAREINT
BoF, MEOBESTHETHL, 510, ERFIIKE
MLACOEF LY, BEMME% TRCT KD
Wl EEZ ALY DL, EERRREICEMIES,

T aOEEEANEREE L, 200 TIE32.1%, 25T T
1337.8% CH -7 (Fig. 4), ZOMHIE, Zh L HEREE
EPRT 2L v IR MO »OELEND L BT =
ELTELZAZENTELDT, MHREECEREBED
HEMEO—>L LTl L EH 2 5 ERIZBWTIE, 20T
OFEE R BT REERE L DIBEN T - T3 I
JER DR EESEBEINAGEEN S o2, T2, 25T
TIPRIRAL L H (2 2 O BT TR O MV BB A5 B
LTBY, ZOBRRREMECHRATEN S Z s
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ST AL LORET, BHIBWTERZENY v 28R
KRIZL TV RIMEEIC DWW THHL 20T 2 LER
HHEEZ D,

AERIZL T, ¥ v aORABEMESHASL P o7
ZEph, BPNERERANESO BRI AT H BERE
KIEASY ¥ T RATTHEB I OWTER L TAL, D
BT 9 ARIRICBEICEE T 2 BB AR X » TH
T O L ISR TRL I S, FIIEK
RS ERL TR BFEEABHO 9 AT — 5 2
5, MEEOES(SLEL ~HIICBIT A EE I m o7 —
Y REDHTEHRFLAELFHEL, #0652y TREO
ﬁ%ﬁtbtoit,ﬁﬁﬁf¢ﬂ@i%ﬁlof?&:
RREL CWAFRINE=E8REHGEGRD Y v TOER
BESIZOWTH R, HFOT— 7 53%i) 0%, 1992
EpH2002EDMThHo/2EMD, ZOLERBIZOWT
Kest L7z (Fig. 5). 2 OWHO 9 H DREKIRIE25C Hi
BThol lrsb, RERIIBIA255COMREEFIEEE
E37.8% LB L2k 2 A, 19924F1337.8%, 19964 1%
3L.7% K<, BEERARIZY ¥ aBF IR EEL S
ZCwB IR Lz,

O A OFEEBFENE L FRER L OBBREATARSD
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Fig. 5. Yearly catch of O. oratoria and oxygen saturation
of the bottom water in September in the eastern
part of the Sea of Hiuchi Nada, the Seto Inland
Sea. Statistical data of catch were for the Federa-
tion of Mitoyo Area Fisheries Co-operative Asso-
ciations which catch O. oratoria by the small beam
trawl in the waters. Values of oxygen saturation
are averages calculated from the monthly data of
oceanographic observations at 7 stations in the
water by the Kagawa Prefectural Fishery Ex-
perimental Station.
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Fig. 6 . Time series analysis (0-5 years) of yearly catch of O. oratoria and oxygen saturation of the
bottom water in September in the eastern part of the Sea of Hiuchi Nada, the Seto Inland Sea.
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