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Effects of hypoxic water on planktonic larvae of swimming crab
(Portunus trituberculatus), kuruma prawn (Marsupenaeus japonicus)
and greasyback shrimp (Metapenaeus ensis)

Satoshi Yamapa! T, Satoru KamoHARA!, Ryota Sone', Toshihiro Horicuchr® and Teruaki Suzuki

3

We carried out laboratory experiments about adverse effects of hypoxic water on planktonic larvae of swimming crab,
kuruma prawn and greasyback shrimp which are important target species in commercial fisheries. For the experiments,
flow-through exposure systems with low dissolved oxygen (DO) concentrations were used; six different DO concen-
tration groups (at least about 0.1 mg-/~" to a maximum of about 6 mg-/"') were tested for larvae and juveniles of each
species, which were produced at the Aichi fish farming center. The larvae and juveniles exposed to various DO
concentrations were observed for their death or survival under a stereomicroscope and their lethality were evaluated by
LC; (5% lethal concentration) calculated from logistic curves expressing relationship between the average DO
concentration and the mortality every 24 h. Estimated LCs values ranged from 1.53 to 3.68 mg*/™!, from 2.79 to
3.90 mg-7"', and from 1.28 to 3.22 mg-/"' for swimming crab (from zoea to juvenile), kuruma prawn (from nauplius
to juvenile) and greasyback shrimp (from protozoea to juvenile), respectively. These results suggest that DO
concentration of 4 mg- /"' or at least 3 mg* /™' is necessary to conserve populations of these 3 species.
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Table 1. Number of individuals used for the present study.
. BL or CL No. of specimens per capsule Observed nl.lmber per cach
Animals Stage concentration of oxygen
(mm) average (range)

average (range)
Ist zoea 0.50-0.53* 13 (6-32) 27 (18-52)
Swimming crab Megalopa 2.00* 13 (8-16) 26 (19-30)

Juvenile” L0 30 30 (30)
5th nauplius 0.42-0.45%* 38 (18-51) 80 (69-88) (24h)
145 (91-184) (48h)
Kuruma prawn 3rd zoea 2.14-2.30** 42 (23-66) 85 (63-114)
Juvenile™ 14.00%*** 2 16 (15-16)
2nd nauplius 0.26%** 39 (19-48) 78 (65-87)
2nd protozoea 1.42%** 20 (12-28) 40 (25-62)
Greasyback shrimp 2nd mysis 2.78%** 10 (8-12) 19 (9-22)

Postlarva aged 5 days 3.37FxHE 5 (5-6) 15 (15-16)
Juvenile™ 5.60**** 5 (5-8) 15 (15-18)

BL: body length (kuruma prawn and greasyback shrimp), CL: carapace length (swimming crab).

-+

*2nd instar, “"postlarva aged 25 days “"postlarva aged 19 days

*Yatsuzuka and Sakai (1982), **Hudinaga (1942), ***Rongquillo and Saisho (1993), ****measured
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Figure 1. Photograph of the experiment apparatus (flow-through exposure systems). A: tank for oxygen-deficient
sea water; B: N, gas; C: peristaltic pump; D: tank for oxygen-saturated sea water; E: experiment tank; F: capsules
to contain examined animals; G-I: various capsules; G: 50 um mesh, H: 280 xm mesh, I: 700 xm mesh; J: cages

for juvenile swimming crab, 12X12 mm, 700 #m mesh.
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Table 2. Concentrations of dissolved oxygen in experimental groups.
DO (mg-/")
Animale Stage Exp. tank
24h 48 h 72 h 96 h Avg
@) 0.70 (0.58-0.81) 0.47 (0.46-0.48) 0.51 (0.45-0.57) — 0.56+0.12
©) 0.69 (0.49-0.89) 0.76 (0.74-0.78) 0.65 (0.64-0.65) — 0.70£0.06
® 1.43 (1.22-1.63) 1.79 (1.73-1.84) 1.65 (1.53-1.77) — 1.62+0.18
Zoca @ 2.89 (2.72-3.06) 2.51 (2.48-2.53) 2.71 (2.66-2.76) — 2.70%0.19
® 4.05 (3.94-4.15) 3.96 (3.88-4.03) 3.94 (3.88-4.00) — 3.98+0.06
® 5.46 (5.25-5.66) 5.25 (5.22-5.28) 5.29 (5.26-5.32) — 5.33+0.11
@® 0.38 (0.15-0.60) 0.25 (0.10-0.40) 0.30 (0.30) 0.40 (0.40) 0.33+0.07
©) 1.23 (0.96-1.50) 1.10 (1.00-1.20) 1.50 (1.50) 1.50 (1.30-1.70) 1.33+0.20
® 2.64 (2.47-2.80) 2.40 (2.20-2.60) 2.40 (2.20-2.60) 2.35 (2.10-2.60) 2.45+0.13
Swimming crab  Megalopa ) 3.14 (2.97-3.30) 270 (2.60-2.80) 270 (2.70) 265 (2.60-2.70)  2.80%0.23
® 431 (4.30-4.32) 4.15 (4.10-4.20) 4.20 (4.20) 430 (4.20-4.40) 4.24+0.08
® 5.63 (5.30-5.95) 5.45 (5.10-5.80) 5.05 (4.70-5.40) 4.45 (4.20-4.70) 5.14+0.52
@® 0.28 (0.05-0.50) 0.05 (0.00-0.10) 0.05 (0.00-0.10)  0.13%0.06 (0.10-0.20) 0.13+0.11
©) 1.42 (0.73-2.10) 0.65 (0.60-0.70) 0.75 (0.60-0.90)  1.20£0.10 (1.10-1.30) 1.00£0.36
. ® 1.93 (1.45-2.40) 0.85 (0.70-1.00) 1.20 (0.90-1.50)  2.07+0.32 (1.70-2.30) 1.51+0.58
Juvenile
@ 2.13 (1.65-2.60) 1.50 (1.00-2.00) 1.35 (1.00-1.70)  2.17+0.15 (2.00-2.30) 1.79+0.42
® 3.30 (2.80-3.80) 235 (2.10-2.60) 225 (2.10-2.40)  3.1320.46 (2.60-3.40) 2.76+0.54
® 5.06 (4.42-5.70) 4.60 (4.40-4.80) 4.80 (4.60-5.00) 5.57£0.21 (5.40-5.80) 5.01%0.42
@® 1.24%0.01 (1.23-1.24) 1.21 (1.08-1.33) — — 1.22
©) 1.74%0.15 (1.59-1.89) 1.85 (1.76-1.93) — — 1.79
. ® 2.30+0.04 (2.25-2.33) 223 (2.23) — — 227
Nauplius
@ 3.94+0.93 (3.40-5.02) 3.83 (3.47-4.19) — — 3.89
® 3.76%0.08 (3.68-3.83) 3.62 (3.57-3.66) — — 3.69
® 4.68%0.05 (4.64-4.74) 4.80 (4.79-4.81) — — 4.74
©) 0.61 (0.45-0.77) 0.37 (0.31-0.42) — — 0.49
©) 1.39 (1.28-1.49) 1.16 (1.15-1.17) — — 1.27
Kuruma prawn Joca ©) 2.02 (1.98-2.05) 1.79 (1.68-1.89) — — 1.90
@ 3.09 (2.97-3.20) 2.87 (2.81-2.93) — — 2.98
® 3.56 (3.51-3.61) 3.15 (3.10-3.20) — — 3.36
® 4.46 (4.39-4.53) 4.12 (4.06-4.17) — — 429
©) 1.20=0.46 (0.88-1.73)  0.98+0.05 (0.93-1.02) — — 1.09
©) 1.96+0.62 (1.43-2.64) 1.44+0.12 (1.33-1.57) — — 1.70
Tuvenile ® 3.35+0.20 (3.14-3.53)  2.71%0.20 (2.55-2.94) — — 3.03
@ 3.90+0.40 (3.52-4.32)  2.20+0.91 (1.57-3.25) — — 3.05
® 5.05+0.21 (4.82-5.23)  4.24+0.40 (3.95-4.69) — — 4.64
® 5.45+0.40 (5.11-5.89)  4.42%0.49 (4.09-4.98) — — 4.93
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Table 2. Concentrations of dissolved oxygen in experimental groups. (Continued)

DO (mg-/")
Animale Stage Exp. tank

24h 48h 72h 96h Avg
@® 1.11£0.33 (0.83-1.47) — — — —
® 1.7320.45 (1.31-2.21) — — — —
Nauplius ©) 3.01+0.56 (2.45-3.57) — — — —
@ 3.45+0.78 (2.73-4.28) — — — —
® 4.10%0.82 (3.33-4.97) — — — —
® 4.29+0.99 (3.43-5.37) — — — —
@® 0.51%0.25 (0.37-0.80) — — — —
@ 0.74%0.48 (0.44-1.30) — — — —
Protpzoea ® 1.43+0.58 (0.97-2.08) — — — —
@ 2.36%0.14 (2.23-2.50) — — — —
® 4.45+0.47 (4.04—4.96) — — — —
® 5.42+0.63 (4.84-6.09) — — — —
@® 0.98+0.34 (0.78-1.37)  0.90+0.13 (0.76-1.02) — — 0.94
® 1.58+0.46 (1.24-2.10)  1.29+0.21 (1.10-1.52) — — 1.44
Greasyback shrimp  Mysis ©) 2.02+0.42 (1.73-2.50)  2.09+0.52 (1.59-2.63) — — 2.05
@ 3.43+0.36 (3.12-3.83)  3.07%0.10 (2.96-3.14) — — 3.25
® 3.42+0.40 (3.16-3.88)  3.46+0.42 (2.97-3.71) — — 3.44
® 5.39+0.25 (5.18-5.66)  4.80+0.24 (4.62-5.08) — — 5.10
@® 0.82%0.29 (0.65-1.16)  0.50%+0.06 (0.45-0.57) — — 0.66
@ 1.46+0.35 (1.19-1.85)  1.09+0.09 (1.03-1.19) — — 1.28
Postlarva ® 1.82+0.22 (1.68-2.07)  1.34+0.27 (1.18-1.65) — — 1.58
@ 3.30+0.32 (3.06-3.66)  2.69+0.25 (2.46-2.96) — — 3.00
® 3.51%0.42 (3.26-4.00)  3.05%0.09 (2.97-3.15) — — 3.28
® 5.14+0.37 (4.83-5.55) 4.57+0.13 (4.48-4.72) — — 4.85
@® 1.04%+0.20 (0.84-1.24)  0.66+0.15 (0.56-0.83) — — 0.85
® 1.87+0.32 (1.56-2.19)  1.25+0.26 (1.04-1.54) — — 1.56
Tuvenile ® 2.71%£0.32 (2.38-3.02)  2.39+0.04 (2.34-2.42) — — 2.55
@ 3.60%0.13 (3.46-3.63) 2.71%0.47 (2.41-3.25) — — 3.16
® 4.29+0.36 (3.95-4.66)  3.41+0.27 (3.23-3.72) — — 3.85
® 5.67%0.15 (5.52-5.81)  5.17%0.18 (5.05-5.38) — — 5.42

DO values show mean=SD, range (min-max).
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Figure 4. Survival rates of each stage of greasyback shrimp
from 24 to 48 h in 6 different concentrations of dissolved
oxygen (mg-/!).
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Figure 5. Logistic curves of mortalities in examined groups after 24 h with different dissolved oxygen concentrations

for larvae and juveniles of swimming crab, kuruma prawn and greasyback shrimp.

Table 3. Estimated values of 5% lethal concentration (LC;) of dissolved oxygen (mg-/™") for larvae and juveniles of
swimming crab, kuruma prawn and greasyback shrimp.

LC;
Animale Stage

24h 48 h 72h 96 h

st zoea 1.53 2.99 1.79 —

Swimming Crab Megalopa 3.08 3.76 3.04 4.27
Juvenile” 3.68 3.53 3.76 —

Sth nauplius 3.08 4.15 — —

Kuruma Prawn 3rd zoea 2.79 2.81 — —
Juvenile™ 3.90 4.53 — —

2nd nauplius <I.11 — — —

2nd protozoea 1.76 — — —

Greasyback Shrimp 2nd mysis 2.02 2.44 — —
Postlarva aged 5 days 3.22 2.99 — —

Juvenile™™ 1.28 0.80 — —

*2nd instar, “"postlarva aged 25 days, “postlarva aged 19 days
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TH 7% Y A7\ (Chu and Ovsianico-Koulikowsky 1994; Chu
and Wong 1996). =D Z L% — 7 7 2 W DK F i
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likowsky (1994) 1370 ST T7 5K + 5 =30l R
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