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Changes of Dissolved Oxygen Concentration and its Effect
on the Mortality of Southern Rough Shrimp
at Tanigawa Fishing Port, Osaka Bay

Susumu YAMOCHI* and Masaki SANO*

Abstract

Temperature, salinity and dissolved oxygen concentrations were measured from 1
May to 17 August, 1989 at the bottom layer of Tanigawa Fishing Port, Osaka Bay. Sedi-
ment and seawater samples were then collected from the Port on 28 August and on 28
September 1989, respectively and their oxygen consumption rates were determined. The
respiration rates of Southern Rough Shrimp, in addition to the mortality rates under
anoxic conditions, were examined using the shrimp preserved at Tanigawa Fishig Port.

Dissolved oxygen concentration in the bottom seawater reached its maximum at around
sunset (16:00-19:00) and decreased thereafter, showing its minimum from midnight to
late morning when a dense bloom of phytoplankton occurred. Oxygen-deficient seawater
(less than 40%) appeared three times in June after a rainfall, accompanied by low solar
radiation and constant temperature and salinity of the bottom seawater.

The average oxygen consumption rates of seawater were 6.5X107°mlO,+cm~2+h"! at
20°C and 1.6%X1072mlO,*cm~2-h"! at 25°C, and its rates of bottom sediment were 3.4 X
107*ml0,cm~2+h™ ' at 20°C and 3.6X10"°*ml0,*cm~2-h"'at 25°C, respectively. The av-
erage respiration rates of Southern Rough Shrimp were 8. 7X107?2mlO,-g ~'-h™' at 20°C
and 1.2X10"'ml0O,- g~ '+h~! at 25°C. Shrimp mortality rate increased with a decrease in
oxygen concentration of seawater and reached 50% at an oxygen concentration of 16-19%
(0.9-1.0mlO,-17"),

Based on the results of the field surveys and indoor experiments, the characteristics
of the change of in situ oxygen concentration and the effect of dissolved oxygen on the
mortality of Southern Rough Shrimp were discussed.
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@ : a station for sampling seawater and bottom sediment.
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Fig. 2. The experimental system for deter-
mining the mortality rate of shrimp
at different levels of dissolved oxygen.
A: experiment at a flow rate of 4.8ml-
min~'; a : glass chamber (300mli) for the

shrimp; b : roller pump; ¢ : thermostatic
circulator; d : tank for oxygen-deficient
seawater; e : tank for oxygen-saturated sea-
water.

B: experiment at a flow rate of 18-132mi-
min~'; a : glass chamber (1 ) for the
shrimp; b : thermostatic circulator; ¢ : ther-

mostat; d : tank for oxygen-deficient sea-
water; e : tank for oxygen-saturated sea-
water; f : N, gas; g : DO meter.
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Fig. 3. Changes in temperature, salinity and dissolved oxygen concentration in the
bottom seawater, and global solar radiation and precipitation at Tanigawa Fishing
Port in June(A), July(B) and August(C)1989. Temperature, salinity and dissolved

oxygen concentration were measured at 0.5m depth from the bottom.
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Fig. 4. Decrease of dissolved oxygen concen

tration in the top seawater of the bottom
sediment inside the acrylic bottles at 20°C
(A) and 25°C (B).
O, @, X: oxygen concentration for the bot-
tles with bottom sediment and filtrated
seawater ; + : oxygen concentration for
the bottle with filtrated seawater but
without bottom sediment (control).
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Table 1. Respiration rate of Trachypenaeus curvirostris.

Exp. Temp. Sal. Body length

Body weight 0, uptake

No. cCy (%o (em) (g) (mlO,-g~"-h™")
Ia 20 32.62 3.7 0. 26 2.2x107!
3.7 0. 28 5.4Xx107*
3.8 0.28 1.7Xx107!
5.4 1.24 1.1x107!
6.1 1.73 1.2x107!
6.8 2. 62 1.3x10™!
Ib 20 32.42 5.3 0.63 1.3x107!
5.5 0.69 16X 107"
Ic 20 32.05 4.4 0.78 1.1x107"
5.2 1. 19 1.4x107°
5.7 1.58 I.1x10"!
6.2 2.29 4,6X107*
6.8 3. 17 3.2%X107*
Ma 25 32.52 3.2 0.25 3.0x10°!
3.5 0. 35 1.5x107!
3.9 0. 45 3.3%x107"
7.2 3. 14 1.8x107!
7.5 3. 40 1.6x107"
Ib 25 32. 42 5.8 0. 83 1.2x107"
5.9 0.98 1.4x1071!
6.1 0. 85 5.2%x10°*
Ile 25 32.25 4.4 0.78 2.0x107!
5.2 1. 19 7.9x10°°
5.7 1.58 1.8x10°!
8.2 2.29 9.7x10°%
6.8 3.17 1.2x107!

The shrimp was exposed for less than 1 h (Exp.la,a) or for more than 6
hrs (Exp. Ib-c,Ib-¢) in a respiration chamber which was supplied with
oxygen-saturated running seawater before measurement.
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Table 2. Mortality of Trachypenaeus curvirostris at different levels of the dissolved oxygen.

Exp.No. Seawater Shrimp

Sal. DO No. of Body length Body weight Mortality

(%0) (%) samples (em) (g) (%)

Ia 30. 76 96—103 4 5.7-6.0 0.76—1.18 0

30.78—30.79 10— 23 12 5.6-6.3 0.97~-1.41 67

Ib 32.11 95—102 4 5.5—6.5 0.80—1.21 0

31.98—232.02 19— 33 12 5.6—-8.1 0.75—2.53 67

Ic 32.78 95— 100 4 4.0-5.9 0.30—0.83 0

32.77—32.78 30— 38 12 4.5—6.8 0.39—1.50 17

Ta 32.28—32.43 97—-101 1 6.0 1.89 0

32.28—-32.43 16— 19 6 55-6.9 1.42—3.15 50

Ib 32.28—32.32 99 1 5.9 1.97 0

32.28—32.32 24— 30 6 5.5—6.3 1.52—-2.31 0

Exp. [ a-c: Two shrimps were in a 300ml glass chamber at 20+ 1 °C under a dark condition, which
were supplied with oxygen-deficient seawater at a flow rate of 4. 8ml.-min~' for 24 hrs .

D a-b: One shrimp was in a 1-I glass chamber at 20+ 1 °C under a dark condition, which was
supplied with oxygen-deficient seawater at a flow rate of 18-123mi-min~' for 24 hrs. Sand
(0.250-0. 425mm in diameter) was placed on the bottom of the chamber.
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Fig. 5. Changes in temperature, salinity and dissolved oxygen concentration
at an interval of 1 h in the bottom seawater of Tanigawa Fishing Port during
a red tide in 2-4 June 1989.
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Fig. 6. The same as the legend for Fig. 5 except for 4-8 July 1989.
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Fig. 7. Decrease of dissolved oxygen concentration at an interval of 1 h in the bottom
seawater of Tanigawa Fishing Port from 7 to 11 June 1989.
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FOBAHBEELLEL, Table3 II/RT, 200CKKHB
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BEHBEEEZAN, ERESZNOBKICREEE AT
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(1.46X107°*ml0, - cm~? - h™") EHME LTV 5B, JE
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HTHBHD, AERICLIEBOBZRHEEBEEE I LD
REE5ABE0BRRAHEBEE & HBREL L. <
DOERIZSWVWTRE, FERCBVWTHBEBEANE L
(2-3 BSRIREIRR) WERE%E LR VWBEDHRS TF
KEBBALIONNEELONE, LT AT, BER
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i, FnFNTEKNEERZ{LL (8 H26-27H ; 18-
60%, 9 H26-27H ;31-67%), EBICIFRBHITK
NTWHEh -t 4, BRTOBREENCETKRET
k- BIER - YN I EOBREBORELRFTT 5/
%, 25°CIBIFBEYILIE | g DEATEREY D DBEH
BxERE LB KOBRERICBRELTAHB L, 11IR
F 2B IR LA 25 CTREFE LY ILIE 1
g DEREMBITEREMMcm2niEKk2. 4 LT, FBBK
BA26°CTH 3 9 A LIS LY LT ETRIERESL
cmh SR L L IKENENEE Ui, 7272, B
O EERERCEKEER (WHKN20,000nf - EKE
B14960,000nt) % E1ET 3 &, BEED L CBKEEO
BENEBRIZNATNTLIE S t ULEOBEHEBRIC

BT B LS, BINECERRAICE2ELLT,

TS50 b ORRERCERYOSRIC L KB &
CHlERDOBRHEN B HET 5 LHEIND,

P T ED2UFHEOBEANVWERIIOWTE, HE
BEE UTH A E18-123ml - min~' OFRBCARE
KA UFBE, 16-19% OB ZEEAME CHEY L
EDREEMNANWIE L 2Dkt U, 24-30 % TI32485R 1%
b 2EENER LA (Table 2. Exp. Ta, b &
DEAHITHFME2 % (ca. 1. 1ml0,+ )% TME 5 &+
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Table 3. Oxygen consumption rates of seawater, bottom sediment

and Trachypenaeus curvirostris.

Sample

Oxygen consumption rate’®

20°C

25°C

Bottom sediment

Seawater **

Shrimp **%

2.7X107*—4.0x107"
(8.4X107%)

5.6X107%~7.4%x107¢
(6.5%107%)

3.2%x1072—1.1x10""
(8.7%1072)

2.8x107%—4.2x107°
(3.6x107%)

1.2X10°2—1.9%X107*
(1.6Xx107%)

5.2X107*—2.0x10""
(1.2%x107")

Numbers in parentheses indicate the average values.
*Unit for seawater and sediment: mlO,-cm~2-h™';
unit for shrimp: mlO,.g~'-h™',
** Oxygen consumption rate for water column with 3m in height

and lem? in area.

*** Respiration rate for the shrimp which were acclimatized to
the experimental conditions for more than 6 hrs (Exp. Ib-c

and Exp.lIb-c in Table 1),
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3o Lichi-T/KIEA0. 5-20.4°CT, BFERFIREH30

%HRICIET LA 6 ALIAEKEBFOT LT ED—EH
AW LD, TRICDWTE, DYILTEORERE
FHEMICHKBER DS E S L, BREME9-33%
(1.0-1.8ml0, - i) THEBEOEHU LS ~NVFEL
722 & (Table 2. Exp. la-c), 2) [WABLZ TV
RRTRERN THOH VI EDORESZEKEDS 5
A T OEEPHEICE L TERT 520, Z0EERS
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