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Lake floor images in the central part of Lake Nakaumi (part 1)
- wind speed impacts on bottom water motion

Ritsuo Nomura', Koji Seto®, Yuzuru Horie® and Hiroyuki Takata’

Abstract: A long-term monitoring waterproof camera was installed on the bottom of Lake
Nakaumi at a depth of 6.5 m, in order to observe bottom water movements and the ecology
of brackish organisms. Over a six day period, Nov. 4-Nov. 9 2006, brackish water dynamics
changed from stable to unstable conditions. Under the prior stable conditions, the sediment
surface was covered with a bacterial mat. Strong winds, over 15 m/s, mixed upper and bottom
water masses and the halocline disappeared for a short time in the middle of this period.

We show that winnowing of bottom sediments occurs at wind speeds greater than 10 m/s at
this location; a small piece of bacterial mat was stripped off from the bottom sediment. When
wind speed increased to greater than 12—13 m/s, bottom water turbulence was increased, with
larger pieces of bacterial mat and sediment particles several centimeters in diamerter being
resuspended. Water clarity decreased at this time. The bacterial mat was completely stripped
off the sediment surface when wind speed exceeded 16 m/s. Suspended sediment caused water
clarity to go to zero at this time.

Fish appeared in bottom waters soon after the wind-driven disruption of stratified water
conditions, suggesting that oxygen-rich upper water were well mixed into oxygen-poor bottom
water.

Key words: waterproof camera, long-term monitoring, bottom water, winnowing, wind speed
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Fig. 1. a. Waterproof camera without a photocatalysis. Housing window was covered with attached organisms and clay minerals

after about one month in bottom water. b. Replacement waterproof camera with a photocatalysis for a long-term monitoring of

water environment.
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matter content in Lake Nakaumi bottom water. Data from Izumo River Office.

UKk 7oa 7 1 v] EWECED 1L H S
HoFwid e 11HT7HPS 8 HIZHh U THERIIZ A
5is (X 7a).

UKD E] NS WCEEA 11 A5 HOF
B SFRICPITT, £/ 11 HTHD®9:00~15:
00 |2 CTALNS. 11 HTHOEWEHEIL, HS
PAZJEGRIZREE LTV A A, 11 B 5 Ho@mEx, i
SRR ICA SN D Z &0 s, AMIZ X 5%
L ZE > Tw5B (7).

EL kR D S5 ATRR - KE

Z T, A Lok omga 1R & 15
SN TVDLEAR - KEHE & HEHE 1T > TH
72\,

O RE RN £ > THEEL 2T A Z LX)
PRI N TS, Kondo et al. (1990) (X5 JHE 2 &
b7 o TREYOWINAHEZ 5 2 L 238 L, %%
WEO PO & AR O S E TR % BE ST
W5, B (1997) 355 E R To Bl - dg o
BEVERETEKDEWENVEHEI R L L%
WiELCTwb, BA - T (2004) 1%, WEOHERE
WHICEBET B AL F XY N AOF LR A T b
WZEE RO o722 Exdis L, FEYORILLET
1210 m/s &3 JHHE CH RSB Rl 2T Cwi- 2
EERRLI BGEDTRE D 2 L2 X o THEHEREY

DOIRBLANI AR ATFHEY) & PLEE B AEHLE 72 > T\
5. Godo et al. (2001) %, J&EE - &I KL 5 HE =)
HDOKDOTNOZEALEEL AL ML TS, Dk
D X9 A S S 2K & R X B
L, WAKROLAHWE I ) T, ABRIZE S
TOEELRRELZHENIIZ>TnDb Vg b,
11H7H®D 10 m/s % #d BHGROR 2L, KE D
ST L T LRBARE FREKDEAD 3 EMFZICE &
72 (0~1H—3~4 ). Fof, TREEEKED
REFREI > Twhdozhy, KBAKIIHELSLL,
JERAE S E FIFCw5 (M2b-32). D729, Ik
EHEL TN T 7y hOFEESL L3O
ATV ([ 2b-33). HGEAS 12~13m/s %2 5
EEBDIEELL D, NrTUTvy bORBED S
SIZHEITL TV (X 2b-34). Tl F72, THE-
KA L - FEKREDERAITEZ > Twniwvn, £
LC, A2 15m/s B2 C 2 KM ZICTRE - IKkE
K& LRk EDRENH T - 72 (T~8 KF— 9~10
), JAGHEAS 13~17 m/s 1272 % &, WIETORIE
ML, MKRBO%RE FIFRRED 2~3 em F£E D
FEIRMERY OBV EHN ) I > T ([X8).
L7zh 5T, 2L REGENFAE L -%E, g
DFEREIEEIEE LRI E2ERL VS, 2
DZEEFINTT)T<y MPEEICHEEL TWE S
EDLHETE XS (X 2b-39).

—7, EROLEIIREDICEATH L) TH



24 EPATEER - W

11/07/08:00708:05

8. FRURlE L7z EHERE Y /N (14 2b-35 D {5
FEL) . 27— IR 6 cm.

Fig. 8. Sediment particles resuspended in bottom water.
Modified from Figure 2b-35.

bH. JBHED 17T m/s iR KETAHT 7 A xfElmd
% & 13 m/s DJEGED B - THHEDORETHSH HIT
ELIRAEICR Y, FAHEOBEKLBETES (¥
2b-38). L2 L, MR BEAREORSVER 5
FHE EkGE L T b, IS X o TEEOREDEE
KRG SN D &, ME ORI IR I NS
LB L LWED ORI NS,
COXHIZ, B X o THIEDYER - KEBRE
75“7(%<%7§!‘%17LZ> EMFEIAEEI NI WR B,
LrL, BUC X B8 3R BRI X 5% ) OF
E%%Eént 11 HSHE4ARERASEDIZ LD
KL S S 1I2BRICHTTHELLEH Y (B
10 mg/1 F21E), #KOIREL BT 5 2 &2°C
EWIETHo72(X2b-35). 12B05 148D 2
B ORI O IIHEHIN TS, 2O L)%
DX, ZOEFMF AN S TR S TR T
BHETHIENE L, HBIIBEINTVwS, HE
BICIZ AT EDOTEXBMAKROZOEY L, BWiE
FICHEBRBE NS Z 17 < ([K4), i % il
ML TWa DTV, 27 ) M2 =R A
BRLTWLLDEEZEZ LD,

CEVL RE - S HEAT

& & )

HE ORI R TE L - RIIELI KR A 2 12
£ 5T 2006 4F 11 B FANZFSAE L 72388 O R O K
DEEXWS 2T LI ENTEZ T2, ARk
OB T — % L EMET 5 28T, FEKPS
JRJEIRDEAL DT & 2 OBEYEEDNIK D A FERA~NG-
RBGEIIOWTHFEIRT LI EATE, 22T
B S 222 L 72K %X, DVD CRUF 32 2 &5 T
5. F72, WMEDOAF v 72 3 v ME, http/iwww.
ipc.shimane-u.ac. jp/earth/ TH &% Z EDITX 5.

il 2

K H X T OkEDH 72D EI R EENELHEER
B3R CTH 2 Wiz72nwTwsg, KRERE
PROGELFREIE S BILH L LT 5.

51 B X ®

Godo, T., Kato, K., Kamiya, H. and Ishitobi, Y., 2001,
Observation of wind-induced two-layer dynamics in
Lake Nakaumi, a coastal lagoon in Japan. Limnology,
2: 137-143.

W4 Bl B R, Mk B TEEED R B,
I AR, 1992, SKaE M - il DK HEBNIZH- R 5
[ - MROFE - (2D 2) 1982~1991 FEDIKE
TEE RS S5 KT IEsiise (BRERSEE), 8
69-86.

AN - R WF (B5), 2003, XL
N, L3EFAS, Hul 308 pp.

Kondo, K., Seike, Y. and Date,Y., 1990, Red tides in the
brackish lake Nakaumi (II), Relationships between
the occurrence of Prorocentrum minimum red tide and
environmental conditions. Bull. Plankton Soc. Japan,
37:19-34.

FPAPEETS - P, 2004, HALERORERD & A7z
2003 4EFEF O FRENFELE I O FfE O L. LAGUNA
(VRZKIEAFZE), 11: 125-130.

B, 1997, {SKIIC B 2 KHOBE) L RE
WAE. IR RWEENTSE, 35 (1):5-13.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 842.000]
>> setpagedevice


