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Influences of swimming stop and death due to sedimentation by hypoxia
on larvae of the Japanese littleneck clam, Ruditapes philippinarum

Satoru Kamonara'! ", Satoshi Yamapa!, Ryota Sone!, Toshihiro HoriGuchr® and Teruaki Suzukr®

In Japan, gross reduction of water quality-related substances has been conducted to achieve the environmental standard
levels for chemical oxygen demand, total nitrogen, and total phosphorus in bay areas. However, damage to fisheries,
such as catch decline, is still a serious problem. Therefore, establishment of a new environmental standard for dis-
solved oxygen concentration (DO) in the bottom layers of bay areas is currently being discussed by the government of
Japan. Unfortunately, there have been only a few studies on the adverse effects of hypoxic water on fishes, crustaceans,
and mollusks, particularly on their fries, larvae, and juveniles; these stages of the organisms are required to determine
DO standard values. Therefore, we performed laboratory experiments to investigate potential behavior relation to hy-
poxic water by using the early life stages of the Japanese littleneck clam, Ruditapes philippinarum, as the representa-
tive species in bay areas. The following stages of the Japanese littleneck clam showed the highest sedimentation per-
centages in hypoxic water: pedi veliger>umbonal veliger>D-shaped veliger. The sedimentation percentages in hypoxic
water were increased by decreasing the DO percentage in the same stage. The following stages of the Japanese little-
neck clam showed the highest lethality percentages in hypoxic water: D-shaped veliger>umbonal veliger>pedi veliger.
The lethality percentages for hypoxia were increased by decreasing the DO percentage in the same stage. On the basis
of the results, we formulated their sedimentation and lethality values against low DO for understanding the effects of
hypoxic water on the pelagic larvae of the Japanese littleneck clam in marine environments. A DO of 3 mg+/~" or more
is required in the bottom layers of the bay areas to prevent the influence of hypoxia on the clam larvae. In addition, a
DO of at least 2.5 mg* /"' or more is required in the bottom layers in order to preserve about 90% of the clam larvae.

Key words: Japanese littleneck clam larvae, effects of hypoxia, density-gradient water column, swimming stop and
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Figure 1. The experimental apparatus used to create the density-
gradient water column.
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Figure 2. Growth of the pelagic larvae of the Japanese little-
neck clam used in this study and temporal changes in the wa-
ter temperature for breeding. Each vertical bar represents the
standard deviation of the mean (7=30).
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Figure 3. Vertical distribution of salinity, dissolved oxygen concentration, and the percentage of floating larvae of the Japanese littleneck
clam in experimental group (A—G) and the control. (I), (I), and (III) represent the growth stages of D-shaped veliger, umbonal ve-
liger, and pedi veliger, respectively. ([J: Salinity. >: dissolved oxygen concentration. O: The percentage of floating larvae in the
same aqueous layer in which few pelagic control larvae were concentrated [upper layer]. @: The percentage of floating larvae in the
same aqueous layer in which the pelagic control larvae were concentrated [lower layer] ).
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Table 1.

The values of population and percentage of floating, sedimentation, death due to sedimentation, and the average dissolved oxy-

gen concentration of the same aqueous layer in which the pelagic control larvae were concentrated (lower layer) and the same aque-

ous layer in which few pelagic control larvae were concentrated (upper layer) for each dissolved oxygen concentration group (A-G).

Item A B C D E F G Control
D-shaped veliger
All the larvae 2,026 1,977 3,382 2,171 3,054 3,557 3412 3,200
The population of floating larvae 356 37 647 10 1,772 3,262 3,182 2,946
The population of sedimentation larvae 1,670 1,940 2,735 2,161 1,282 295 230 254
The population of dead larvae due to sedimentation 1,660 1,370 2,645 2,160 965 219 122 42
The percentage of floating larvae (%) 17.6 1.9 19.1 0.5 58.0 91.7 93.3 92.1
The upper layer (%) 1.3 0.5 12 0.3 14.2 38.7 29.8 49.0
The lower layer (%) 163 1.4 17.9 02 438  53.0 635 431
The percentage of sedimentation larvae (%) 82.4 98.1 80.9 99.5 42.0 8.3 6.7 7.9
The percentage of dead larvae due to sedimentation (%) 99.4 70.6 96.7 100.0 753 74.2 53.0 16.5
Average DO concentration of the upper layer (mg+/™") 3.35 3.78 3.26 3.28 491 4.53 4.21 5.68
Average DO concentration of the lower layer (mg-/™") 0.73 0.87 0.93 1.02 1.39 2.35 2.55 5.54
Umbonal veliger
All the larvae 2,660 2,627 3,652 3,629 3,932 3,575 4,183 3,437
The population of floating larvae 10 106 872 3,236 3,558 3,336 3,800 3,099
The population of sedimentation larvae 2,650 2,521 2,780 393 374 239 383 338
The population of dead larvae due to sedimentation 1,956 1,810 576 66 39 24 20 28
The percentage of floating larvae (%) 0.4 4.0 23.9 89.2 90.5 93.3 90.8 90.2
The upper layer (%) 0.4 3.8 23.6 25.8 18.0 31.2 9.9 43.8
The lower layer (%) 0.0 0.2 03 634 725 621 80.9 464
The percentage of sedimentation larvae (%) 99.6 96.0 76.1 10.8 9.5 6.7 9.2 9.8
The percentage of dead larvae due to sedimentation (%) 73.8 71.8 20.7 16.8 10.4 10.0 52 8.3
Average DO concentration of the upper layer (mg-7~") 3.87 4.32 5.06 4.77 4.92 5.06 5.11 5.71
Average DO concentration of the lower layer (mg-/™") 0.61 0.70 1.28 3.12 3.30 3.39 4.84 5.62
Pedi veliger
All the larvae 2,173 1,981 2,887 2,028 3,765 3,694 3,246 3,801
The population of floating larvae 325 75 93 101 3,368 2,935 2,906 3,607
The population of sedimentation larvae 1,848 1,906 2,794 1,927 397 759 340 194
The population of dead larvae due to sedimentation 523 730 1,376 777 120 33 31 23
The percentage of floating larvae (%) 15.0 3.8 3.2 5.0 89.5 79.5 89.5 94.9
The upper layer (%) 13.3 1.4 2.9 4.7 66.8 29.8 50.9 25.1
The lower layer (%) 1.7 2.4 0.3 03 227 497 386 698
The percentage of sedimentation larvae (%) 85.0 96.2 96.8 95.0 10.5 20.5 10.5 5.1
The percentage of dead larvae due to sedimentation (%) 28.3 38.3 49.2 40.3 30.2 43 9.1 11.9
Average DO concentration of the upper layer (mg+/™") 3.96 2.00 3.01 433 4.16 4.10 4.58 4.70
Average DO concentration of the lower layer (mg-/~") 0.87 0.89 0.89 1.09 2.03 2.71 2.82 4.78
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Figure 4. Observed values of the percentage of sedimentation and death due to sedimentation after 24 h of exposure to different dissolved
oxygen concentrations in each growth stage of the pelagic larvae. (I), (II), and (III) represent the growth stages of D-shaped veliger,

umbonal veliger, and pedi veliger, respectively.
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LI B o7z, T URBIGETIE, FREOFEHDO
3.2mg T RSBV L 03 E 5 )59.9-43.8%, T
J& O % D 46.4-809% % 8 L 7z FE O F DO
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Qg L= k%, 7 ray VgEAES e (s
21-3 e b & § AR ~NFE LT Az mRD 5 (fH
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AT A ENBE S TS (Tobaetal, 2008). L
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