& KEMHE - FEHE #HY R U

FRA Japan Fisheries Research and Education Agency Institutional Repository

WIGIZBITAY Yy DN HAREREIZHET 520D
SN, E T ME & AR ZMVE 2B B HSE

E:&: Japanese

HIRE : KEKRER

~FHB: 2024-10-11

F—7— K (Ja):

F—7— K (En):

e E: REF, BEX, T, |—

X—=ILT7 KL R:

Firi&:
https://fra.repo.nii.ac.jp/records/2011800

This work is licensed under a Creative Commons
Attribution 4.0 International License.



http://creativecommons.org/licenses/by/4.0/

Journal of National Fisheries University 53 (3)

WECH T3V Y aDHPEBRRISEET 5 2 DOHA,
AT L BIgRIHE, (CBY 5 0%

EFRER - IR

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

*1%2

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 12¢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. Its 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 Oz Sat. 39.4—16.2%. Lying animals under paralysis which were unable to
pick themselves up occurred in Oz 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 20°C and 257C, 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. oraloria in it.
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Fig. 1 . Diagram of the experimental set-up to study the rheotaxis of O. oratoria. Four different currents,
6 cm/s and 12 cm/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<{0.01, ***:P<0.01,

Water Carapace Total Body 6m/s 12m/s
Size  temp. length length weight Positive : Positive :
group () (mm) {mm) () Negative Left : Right Negative Left : Right
Small  23.1 10.1 50.0 1.2 29 .21 27 .23 25:25 28 122
males 23.1 11.0 52.5 1.4 3020 2525 27 .23 22 .28
22.8 13.1 59.9 3.0 2921 24 1 26 27 .23 22 .28
23.0 13.6 62.6 2.9 26 .24 25125 24 .26 2129
23.1 13.7 68.5 3.6 28 122 24 . 26 25025 24 126
23.1 13.9 69.0 3.9 33:17" 22 .28 24 .28 26 124
23.0 14.0 64.0 3.5 28 1 22 27 123 22 .28 21:29
22.8 14.1 64.2 2.8 29 121 24 .26 23 .27 26 : 24
23.0 14.8 68.7 4.3 3020 23 127 22 .28 25:25
23.0 15.0 72.0 4.3 38 112%™ 26 . 24 24 126 23 .27
. otk . 243 . 257
Total — - - - 300 © 200 247 © 253 94.3 957 238 262
Average 23.0 13.3 63.1 3.1 30.0:20.0 24.7:25.3 ) ) 23.8:26.2
Middle 22.5 21.2 98.0 17.3 24 126 23 .27 22 .28 19:31
males 22.5 22.0 101.0 28.3 27 .23 28 .22 17 : 33* 22 .28
21.8 23.0 105.0 31.0 29 121 24 126 23 .27 26 24
21.8 23.3 111.0 18.1 28 122 27 .23 2327 27 .23
21.8 23.5 111.0  19.3 28 122 26 . 24 15 : 35* 25 .25
20.5 24.0 112.0  21.6 26 .24 26 .24 22 .28 25:25
21.8 24.2 114.0 20.2 27 .23 26 : 24 24 126 25:25
21.8 24.6 116.0  20.7 3020 25:.25 14 : 36" 23 .27
22.5 24.7 119.0 22.3 28 . 22 29 121 22.. 28 31:19
20.5 24.8 118.0 27.2 28 .22 29 .21 24 .26 23 .27
Total — - — — 275 @ 225* 263 . 237 206 : 294*** 246 1 254
Average 21.8 23.5 110.5 22.6 27.5:22.5 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 .22 941 30:20
males 17.4 31.0 144.0 44.4 17 : 33* 18 : 32* 5 1 45" 22 .28
17.8 31.4 . 143.0 41.0 23 .27 22 .28 13 : 37™* 24 26
18.2 32.8 157.0  54.7 20 : 30 27 .23 61 44" 27 .23
18.2 33.2 160.0 54.0 18 : 32* 27 .23 10 : 40™* 25 .25
17.1 33.7 153.0 53.8 12 @ 38" 27 .23 545" 24 . 26
18.6 34.4 148.0 41.0 18 : 32* 27 .23 12 : 38™* 25:25
19.1 34.5 162.0 55.1 16 : 34™ 25:25 6 44™ 27 . 23
19.5 34.5 158.0 50.4 16 : 34™ 22 .28 11 : 39 28 .22
18.0 34.9 162.0 59.8 1931 26 . 24 9 141" 24 126
Total — - - — 174 : 326™* 249 . 2561 86 © 414™* 256 . 244
Average 18.2 33.1 152.9 49.1 17.4:32.6 24.9125.1 8.6:41.4 25.6:24.4
Large 22.0 28.8 132.0 32.8 15 : 35™* 26 124 71437 24 126
females 21.0 30.0 153.0 43.1 18 : 32* 19131 11 : 39™* 23 .27
18.6 30.5 140.0 37.0 1337 26 .24 6 1 44™* 25125
21.0 31.0 160.0 49.8 20 130 21.29 10 : 40" 28 .22
20.6 32.3 148.0 42.6 11 : 39™* 24 126 8 149" 23127
21.2 32.6 169.0 52.2 23127 3020 11 © 39™* 28 : 22
21.2 32.8 162.0 53.4 20 : 30 31:19 6 44" 27 123
17.4 34.5 178.0 51.4 20 030 27 .23 7 143" 28 .22
18.7 34.9 162.0  56.2 11 : 39* 26 .24 3147 24 126
17.0 34.9 149.0  47.7 14 : 36** 20 30 9 141" 26 .24
Total — - - - 165 : 335" 250 * 250 78 © 422" 256 . 244
Average 19.9 32.2 155.3 46.6 16.5:33.5 25.0:25.0 7.8:42.2 25.6 1 24.4
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Fig. 2 . Diagram of the experimental set-up to study toler-
ance to oxygen deficiency by O. oraloria. 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 200C, 5 large animals at 20C, 10
medium animals at 25°C, and 5 large animals at
25%C. Sizes in mm.
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By IKEI<, (2) AiFEFnactivity : KIEZW$ T
b IR, RAHEE LR MBS iceoTh <
iR, Rbee T OFRICHITS, (3) FRE
Paralysis : fRASEREE L, #EILMATIch-TbieEH
Db, fiE T, OFITHAF2PHET 2, sl
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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.

Fr2FAEN, (4) {RFEAsphyxia: % F o7 {Ehx
T, Wi o ThREFEY, PED 4 00iTFE» e TR
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H, AIERE, R, RIFEOMICHEIL7: (Table2), A
TEFE R RS HI L - E A I364.3~9.1%Th H 1
RESRE Dol Tz, ZOIRRESR RS FIRIE L 7K
b 7R (BRD21.9%) & - 7z, FREIZ30MEE (F193.8%)
THROLN, BEHMEILL~7.9% CRBE Lz, KIEIT
BRRAOMEEL].0~4.5% TR & /2, 25 DIRED S+
BRI ITIE, MM o LA I X B 5P 2 I3 ER
OHoNGho7 (Table2),

U 2 OEBEEBICIEEY D B0, BEREMESET
5 EER R B D Lz, FERICIE, BRARETRED
HSRREE & B H30E OHE THIBICW o D Bl T

, BRFESAESET L7z L & 10, EROBETEI &
K% b 560 DL LB A+ 15 03 &8 Fast waving
ABEAEFIVEER (&K D96.9%) THESL, Z0fT
B L - BB 1330.4~16.2% Th o 7245, BE

IR L D ATICEIZE S 7z (Table2), 20C TOHEIED
LEEZTIE, NERCRESBESL2WE FRIEL
B, FOHETHEFEOBR CERIIBRES I (Table2 ).

EEFAEE & R ORFINZLr SFHEL L 72 2ot g

%‘H

ZHEEIC ,mﬁnléﬁﬁﬁ%f%ot(mg4)
ZIT, A XeEBEET, BEJICTF-sE0LFL

LTI 21T o 720 GEEIARHATE DI T TRAT B8
Mi&ﬁ H L IEAEEEEABICLT, FLY
KWEEERE T iﬂxiﬁ(ﬁiggiﬁf‘?fﬁéﬁCZUiﬁ>l, ki
BLERRECHIBENBEEN -EL 25T L™ 28
MLz 72720, LVEETHREREEL 2o BIHlIE L
2 F—FIEEN L7z SOEFALEFEET AHICIE, ERE
BRI EER AR (BlN) 2RO LEDFD 5,
FIT, B (Fig. 4) 75, MEBROEBEREIMBE
BITNEE20~50% DMICH D LHIT LAz ETRO LI ICLT
B Lz, COMBEKHZEEDT 51220 T, 20
T8 R EAENL Y BREHEINS T =512, Fh
ZHREICL > T—RAY=aX+bi2HAL, 207F—4 %
EHENLVBEBIESIRKEVT -7 2 L TEY=c
TEALT, Tho 2ROBREFEFMOME RSz, FL
T, FOEFFRANL BB TF—FFEEFRE L, ZORER,
BBOSEI S, 20C Tl P EMER OB ERFIEE25. 6%,
25C T IMEROBERAFIESS. 9% T, TNEhOEF
RNizkobBh @

20C  Y=0.00378X—0.02732

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

ZIC, XIAHEEE (%), YIZBEHEE (mg/h/g)
Thbd, 2ROXFE LTRHESN 2 EFEIRNERE
i, 20CCik32.1%, 25CI1337.8% Tho7zo T/, K
BRIZY v 2 25HE & 2 FER1L25C TIE0.168 mg/h/g
Td o 7275, 20T Tid0.094 mg/h/g& A7 <, 25C TIE20T
D1.8EDTEFELHET A MM LL (Fig. 4)0
ZiR - BE® 3, RERE FEBHRFET6EEFEOY v
o (O SR LR BN TV AT - ¥ B S
7232 Tl 6 R R THEBREMIEE e L22ERT
W, BRESSFIES0% £ 21.1% TENEI L EEHIIEL,
9.8%T 4 HAGAWIEL7ze SNLDOFHEEFTET L L
18.4% 755770 REBRTD, BIEPBES NI -BREHENE
I oWTEH 4 X% #FEBATIT20C L 25T ORF & B L
FlrA, MECREELRENSH D (Mann-Whitney®U
#sE, P<0.05), ZOFIHEIE25CTE.4%, 20T Tl
6.2% L EHE &N/ (Table2)s 2F 0, KRR - HOE

5

Er/kif13.9~18.3C L Y BVIKIR CTER 2T o210 d e

bod, ZTOBRFEHMECMITIER - bHD1/2~1/318F
Bt 72, DRORUFERICHE 727 v 20BLI
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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) () waving tivity ysis -ia

20C  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

20TC 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 12.9 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

25C  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

25C 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 mature ovary, expected to spawn within a week, {from an advancement on its single
triangular shape on the ventral side of telson®.
"Individuals with developing ovary judging from its ovarian shape smaller than mature one.
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Fig. 4 . Changes in oxygen consumption of O. oraloria 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 25C 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.
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ELTEBAZIENTELDT, EHRELTIEBRED
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REBIZE T, ¥y I0BMEMHEITALPICh o7
ZERG, WEE SRR OMR ICRET 2 BARE
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AR L TV AEIESEEEEESEOY v IDEH
mﬁiuowcé%«toﬂﬁ®7~9ﬁﬁ5@ﬁ,m%
ERH20024ENETH oI b h b, TOIERIZDVT
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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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