TR #18% (2019)
Bull. Kagawa Pref. Fish. Exp. Stn., No.18, 2019

K& B AL TR RS B U B HIRAKRIL D R IR FE IR

HIEE

Long-term variations on hypoxia generation in eastern part of Hiuchi Nada

Masashi MIYAGAWA

It was suggested that the eastern part of Hiuchi Nada area has environmental condition vulnerable in

oxygen depletion of bottom water due to surface-bottom layer density difference gradually increasing by

the influence of water temperature and salinity from spring to summer. Though, in some years that hypoxic

generation would not progress steadily due to meteorological phenomenon such as temperature decrease

at the beginning of water temperature decent period in the end of August. We must pay enough attention to

that even in years hypoxic would not generated, it was suggested that benthic biota in this sea area would be

considerably affected by the low oxygen concentration in bottom sea water.
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Fig.2 Seasonal variation in bottom dissolved oxygen

and surface bottom density difference.

Line shows minimum value in bottom dissolved
oxygen at Hiuchi Nada from 1985 to 2017.
Dotted line shows average of surface bottom
density difference.
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Table 1 Long-term change in minimum value of bottom dissolved oxygen at Huchi Nada.
Bold character in value shows minimum value under 2.86mg/L at Hiuchi Nada.
Values with under line shows bottom DO under 3.56 mg/L which cause lethal death to
crustacean. Bold characters in calendar year show years hypoxia occurred.

year Jan. Feb. Mar. Apr. May Jun Ju. Aug. Sep. Oct. Nov. Dec.
1985 6.12 6.60 6.17 594 487 398 329 231 159 464 4.64

1986 587 6.68 679 594 573 410 414 466 2.50 446 513 5.68
1987 6.18 6.83 6.66 627 573 530 353 348 3.76 5.11 5.5

1988 597 644 687 636 552 535 383 345 379 419 530 548
1989 569 654 690 635 468 410 373 382 2.67 295 506 544
1990 6.02 547 546 649 512 440 424 3.13 469 482 542
1991 6.04 655 656 600 511 452 325 323 196 420 538 556
1992 579 630 675 597 441 342 426 397 148 448 517 470
1993 6.12 7.09 6.17 588 514 443 399 293 322 292 4.38
1994 5.85 570 576 4.84 4.05 281 307 252 392 525 534
1995 6.13 649 6.5 536 440 292 191 170 387 534 548
1996 o6.11 6.78 626 567 505 447 395 350 137 455 455 521
1997 543 658 589 516 551 49 432 290 176 480 481 511
1998 574 6.13 611 576 495 412 340 2.52 2.67 332 460 487
1999 573 583 592 556 4.64 351 339 283 1.68 221 500 538
2000 6.01 6.70 7.14 590 532 480 439 341 271 393 415 515
2001 6.04 6.07 6.10 586 471 465 411 392 258 434 49 524
2002 6.09 649 580 575 4.62 313 349 272 361 421 507 576
2003 6.20 6.80 6.61 565 529 554 409 242 116 413 423 513
2004 5.69 597 585 547 435 372 336 295 321 322 394 527
2005 5.74 6.04 6.66 572 502 461 418 3.66 337 3.67 4.60 5.00
2006 6.10 6.83 6.45 553 513 493 340 2.70 3.00 426 425 5.14
2007 5.70 634 6.00 528 494 445 341 435 323 370 475 527
2008 5.88 634 633 601 585 525 421 365 325 414 464 547
2009 635 630 579 536 550 498 412 423 335 410 487 543
2010 6.05 6.55 628 6.04 575 496 445 298 3.06 431 481 538
2011 584 650 639 600 578 503 348 370 342 386 464 543
2012 593 651 651 610 556 443 368 1.8 110 393 473 534
2013 6.15 639 627 501 491 443 321 217 126 225 385 527
2014 590 6.10 581 567 538 426 347 231 100 321 463 5.16
2015 6.09 6.70 646 623 590 488 515 194 3.16 357 499 515
2016 6.02 6.01 570 563 533 385 302 154 394 307 444 524
2017 592 6.56 634 548 497 371 375 425 135 399 416 530
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Fig. 3

Fig. 4

Fig. 5

Long-term change in minimum value of bottom
dissolved oxygen in summer.

Line shows minimum value of Hiuchi Nada from
July to September. Broken line shows 2.86 mg/L
under which is defined as dissolved oxygen water
mass (hypoxia). Dotted line shows long term
trend.

Relationship between surface-bottom layer
density difference and minimum value of bottom
layer dissolved oxygen between April and August
from 1985 to 2017.

Dotted line shows linear approximation curve.

Long-term change in density deference between
surface and bottom in spring and summer.

Line shows average of surface-bottom density
deference in Hiuchi Nada from April to august.
Dotted line shows long term trend.

Fig. 6 Long-term change in surface and bottom layer
water temperature in spring and summer.

Line shows average of surface water temperature
through April and August. Dashed and dotted
line shows trend of surface water temperature
with equation above. Dotted line shows average
of bottom water temperature. Dashed line shows
trend of bottom water temperature with equation

bellow.

Fig. 7 Long-term change in surface-bottom layer water

temperature deference in spring and summer.
Line shows average of the surface-bottom
temperature deference in the four sampling sites
through April to August.
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Fig.8 Long-term change in surface and bottom layer

salinity in spring and summer.

Line shows average of surface water temperature
through April and August. Dashed and dotted line
shows trend of surface water temperature with
equation above. Dotted line shows average of
bottom water temperature.

Dashed line shows trend of bottom water
temperature with equation bellow.

Fig.9 Long-term change in surface-bottom layer salinity

deference in spring and summer.

Line shows average of the surface-bottom salinity
deference in the four sampling sites through April
to August.
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Fig. 10 Relation between surface-bottom layer density
difference and surface-bottom layer water
temperature difference in spring and summer.
Dotted line shows linear approximation curve.

Fig. 11 Relation between surface-bottom layer density
difference and surface-bottom layer salinity
difference in spring and summer.

Dotted line shows linear approximation curve.
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Fig. 12 Long-term change in surface-bottom layer density
difference and bottom layer dissolved oxygen.
Arrows show occurrence of hypoxia. Open
arrows show the worst hypoxia which is selected
for further discussion. Open triangle shows one
of the years hypoxia have not occurred which is
selected for further discussion.

Fig. 13 Long-term change in surface-bottom layer water

temperature difference and bottom layer dissolved
oxygen.

Black arrow shows occurrence of oxygen
depleted water
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Fig. 14 Long-term change in surface-bottom layer salinity
difference and bottom layer dissolved oxygen.
Black arrow shows occurrence of oxygen
depleted water.
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Fig. 15 Seasonal variation on factors related to bottom
dissolved oxygen in years hypoxia occurred.
Line shows bottom DO. Dotted line shows
density difference, broken line shows water
temperature difference and dotted broken line
shows salinity difference between surface and
bottom layer.
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Fig. 16 Seasonal variation on factors related to bottom
dissolved oxygen in years hypoxia not occurred.
Line shows bottom DO. Dotted line shows
density difference, broken line shows water
temperature difference and dotted broken line
shows salinity difference between surface and
bottom layer.
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Fig. 17 Daily change in weather information (mean temperature, precipitation and maximum wind velocity) in 3
years hypoxia occurred.
Line shows mean temperature. Broken line shows maximum wind velocity. Closed bar shows precipitation.



Fig. 18 Daily change in weather information (mean temperature, precipitation and maximum wind velocity) in 3
years hypoxia not occurred.
Line shows mean temperature. Broken line shows maximum wind velocity. Closed bar shows precipitation.
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Fig. 19 Seasonal change of mean temperature in years
hypoxia occurred or not occurred in summer.
Line shows temperature in years hypoxia
occurred (1995, 2003, 2013). Dotted line shows
temperature in years hypoxia not occurred (1988,
2005, 2011). Broken line shows temperature in
2011,

Fig. 20 Daily change of surface water temperature in

Hiuchi Nada from 1989 to 2017.

Line shows normal value. Dotted line shows
maximum value. Broken and dotted line shows
minimum value.
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Fig. 21 Daily change of mean temperature in July and
August in 2011.
Line shows mean temperature. Broken line shows
maximum wind velocity. Closed bar shows
precipitation.

Fig. 22 Daily change of mean temperature and water
temperature in July and August in 2011.

Line shows mean temperature. Broken line
shows water temperature of 1.5m depth at Ohama

located at eastern part of Hiuchi Nada.
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