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LCOLOGICAL OBSERVATIONS OF 1HE COLOURED LAYER 
OF THE SEA ICE AT SYOWA STATION 

Takao HOSHIAI* 

Abstract 

Ecological observations of the coloured 

layer 111 the sea ice were earned out at 

Syowa Station from March 1967 to January 

1968 

The result5 ob tamed are as follows 

A brown layer was formed at the 

bottom of the new 1ce m March 1967 It 

remamed till the early pa1 t of Janua1 y 

1968 

2 The thickness of the coloured 

layer was 2 cm 111 Ma1 ch and grew to 20 cm 

by May The brown colour faded ,vith 

the lap�e of tune The chlorophyll-a 

concentration was lugh 111 the coburcd 

layer, cspeoally 10 the deep-brown part 

The chlorophyll-a conccnt1 at10n increased 

between March and Apnl, but thereafter 

it decreased gradually 

3 Honzontal extent of the coloured 

layer \vas not very wide, being 50m x 150m 

4 The vertical situation and the thick-

ness of the coloured layer vaned from 

place to place However, it \\ as gene1ally 

1 ecogmzed that chlo11111ty and pH value 

were l11gh 111 the upper part of the col­

oured la ycr and clecrea scd 111 the lo\\ ct 

part 

5 Seasonal va11a110n of chlor,mty 111 

the coloured layer was relatively 1ema1 ka­

blc Chlonmty ,va� high bet\\ cen Octobet 

and December 

6 Sca,onal change of pH \-alue m 

the coloured layer ,vas more 1cma1kablc 

than 111 the colourless part Bern ccn the 

latter part of December and tl1e eady 
part of January pH v;:i,luc \"as exuemel) 

]ugh 

7 On the 24th of December, anothc1 

coloured layer appeared at the bottom of 

the sea ice, acc01npan1ed by some 1110 ea ,c 

o1 chlonmty and pH It d1,appeared \y1 
rlic 5th of January. 
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BuNT and Woou, 1963; § � • �� • ffl�, 1967). *H:::.;i-e1J<JC�'i*1, --c1,,,,0f1*��± 

c L tdlm.i7�, tJEi[fr.O)-(}Z�g[VC.£�tJ:�tU�7.£lt' o � c .i7�tr:Hrm �*1, '"(\,,, o (BUNT, 1963 

and 1964; FUKUSHIMA and MEGURO, 1966; § � • �� • ti�, 1967). 

Lk.i7�-? l, �137j(.O)�jW�� G.i74 K-i" 0 � C vi, f]l�f&.0)-t?Z�ftEO)tfm��D 0 5 X. c'Jt 

� tJ: � * � i "'=> � c vc. fJ: 0 5 • 

1967'.i:p 3 )=J .i74 G 1968'.i:p 1 J=J 'i c', fli3fUtit±t!!fbii:O)nfj)J<.vc§l 1±1 �*1,ts:::i"-eJiO)iffe)l ���f-'rfJ: 

\, ,, �e!Gn"O)$}:[l=Jys1J�{r.JI�ff£��f?;JJ1-t o � t .i)�--c:- � ts: 0) --c-, -f O)re*�l&-a·-t o. 

�J;ij�JJ!F1=i1vil967'.i:p 3 J=J iJd::>1968'.i'f 1 J=J 'i C'C', rJ\1iJ�F�9�viViUf 1 :h J=J :;Ju� c L ts:. L 7]\ 

L, 3 J=J O)ro1J<-tmw t 12J=J t __ MtJ:t?m)J<.O)�fr.n��tJ: � t n;=r-Mt � tt ts: 0) -c, F&Jl��m < L 

ts:. 

:Ji'-0:fil)C.�1 L --C vi, SIP RE 0) core sampler c'1J<.tt�1*JJ3zi" o l [B]rf:yvc., 1ft 1�ili, 11<.J�, 

&*OOO)���m�L, �*�K:;Ju'���'BJiO)�m������Lk. 

Ji-JLJ:-t)tJ:-t= !l /'" :/�f'Fots::c6vc., 1J<.1±�:@i�tJ::Et�vc.*m0-L, 4H:: !7 / 3 :/�JJUA· 

�::::.p�i.7\L, !l O O 71 ;t,, a/Jl�'@fflO)�;f--ft Lts:. 'its:, -!G0)1J<.ttvC."'=>1:'cvi, !l O O 71 

!7 ° 0 7 111-,aO)':@:JlvUi, �*47.K� � lJ � 7 7 111-, !i< -HA (47mm) --c:-;sj@ L, 90% 7 

-l=�:/c�l±\Lf-:0)�, �$��� P A• A�!J� 0 ��?w�mftea-c�e'@�Lk. 

!7 ° 0 7 1 ;1-,a vi('.JZO)Hi�f.:r:\)J\G�l±I Lts:. 

!Jo o 7 1 ;t,,a = 11. 64 (663mpO)�jr.{@:) 

-2. 16 (645mµ0)[2:zj'c{!f) -0. 10 (630mpO)�jr.{i) 

i_g�:flvi FAJANs-�2EO)JJi.!v::::.J: i'.)5fiB: L, pHv:twnfi�i�l-l'f=ti�O)t.J '7 A�f_ipH 

) - !J -HM -SA� JfJ \,, \ l ;wnr L ts:. 

2. 

2. 1. ;;g5� O)* riri � {r. �eJID]t-_?-o ts: c6 O)f;rtf-4vi, �7J<. �GF1 O)yfi) 1J<.Jl¥'.IJW'@ 0) ts: O)O)'fE AZ 

(�6, St.I) {JiliO).Lt*3>:(r0;f�\,,,gtir*J.i74 G1*JJ3zLts:. �fJrS::::'2:/C�ffyO);ii\,,,vCJ:o&n;* 

�<3-JtbnotI0.i7;fl'X1,,,,0)-c-, �O),��fit1Tots::c6vc., 7 J=J 1 a, 3*JJ3z!Kt.uJ.i7\G2*0) 

,tt-4� l I'.), �e]iO){ftfi, !7 ° 0 7 1 ;i, a O)J�,ll, :L_il�'t:_�, pH O)filifil�1ff� Jt� L ts:. 
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-;,,,--- .. 11 ,_ BC') 1'��'. -s:t ffn t /-:( -f�z�iA'HBO)pH 

Fzg I Compa1110n of two 1amples cbtainecl f11.,m a :;mall ,e1t,zctecl a1ea Co/owed laJ'el ts ohozv11 b) 1 

oblique lines rn tl1e left column ThzcA b10Aen lme 1ep1esent, chlo,zmt.) of Sample A ;/,zcA. ,olid 
l llle, jJH of Sample A. tlz,n b10ken lzne, chlo1znzty of Sample B. tlmz rnlzd lme,j1H of Sm'?jJle B 

L t.:.fJ;-? c, J:ti[�l'if.J:111.Jt Lt.:. c � 0fr, l:)f .. 1t!St� c ;rUi, �jt'¥JfO)J.J;'.if91v:=. l � .a1P1J: < 

t>}iJ, G11�J Gt'L6{[0ti, �1r0J�O)�"t1MNt,O)��T�sf, iJ,/J: I) l < NU:!� L c11, :St 0) c �t� Gt'Lt.:. 

-? "B 0) frj ;I/,��' C7.) t-;i ft t.:. • 

4 JJ 10 EJ O);;.tf>}-c vi, 1. 5cmO)fJ1l11 ,%d�:,SO)_f::T·i,:., J!J � 3cm O)rrlj11 ,e0)1rf@,�;J,1 

G tL t.:.. �� 1SFFli 0) r 0) 1ne� 0) 0) U: � vi 4cm c' �-? ts:.. 
5 Fl 25 8 v-=-vt�>i:rB� r::p .1h. O){:sO)i;l 11, fi�0'0)eiJ: 4 YJ v:=:.J.:t« c 5v''\..:o�:1; < f! I), � � il:+cm(:=. 

f! -? t.:.. � 0) f5fS5} 0) J:: l' v:=. t>.:i 6 B 0) ,Yr; 11 , 1iG5Ni, Jc ;h, .7c:: ;h, P? � 6cm, 1 Ocm 2:. f! -? ts:.. 'tr� 
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�lflO)ZG71t.;; f5�t', � iJ �J� Lt::.{¥G71/:t1�1., '�EtG7.7't ::lh�. t::. t O)q)!(rJ.tH:tffi�:JTI:. 

Fzg 2 Seasonal change of the coloured laye1 Coloured part and deeper coloured pait a1e zllust,ated 
by the shaded part and b!a::k pai t respectwe!y Snow accumulation zs shoU;n by the vertical b10Aen 
lzne. 

JIO)r O)f�sfiO)W 0 vi I3cmc'2b--:::i t::.. 

7 A I B O)fi.i\;{B}c'vi, r 0)50)1�Jj1,,, ZG%0) J1j 0 .i7; 13cm l ft:. --:::i f::..i7;, 5 A vc.LUlf<: L -c �e 

O)fi&'tvUi'.f;tvc�fUH:2,co GtiJt:..i7•--:::i t::.. �sJIO)rO)MellviW: 025cm l ft:. --:::it::.. 

8 A 9 B, iJ}1,, '�etG5tO)e.i7;rl!t < ft:. 9, J:rO)p/J1,, ,*re:gG5t2: O)fRSrJ.i7;CE/xffvcft:. --:::i t::.. 

�e/1�,ftO)W: 0 vi25cmc', .7cO)rO)memv:t45cmc'2b --:::i t::.. 

9 A 4 B, 5i50);1*filHi�u@J l fAJ l:-c' 2b--:::i t::.. 

IOPJ 5 B, �emO)J¥0n;15cmc', �td:c'O)fi.i\f4vcJt«-crxJt1,,,. 5i50)fi&.vi 9 f=J l 

lln 7 8, 5i5/IO)W:0a 25cmc'2b 9, 5i50)fj}jfvCvii"ll A,c''�ft.n;rgcoGnft:..i7, --:::i 

f::_.i);, 7](�{,tt7;7_K--:::i Vif < ft:. --:::i -C t!t::.. 
12A I B, 5ie/lO)W 0 vi35cm l h: 9, 1tvi 'i-t" 'i-t"Jl\ --:::i �i < ft:. --:::it::.. 

I2fl 24 8, ,@;O):gG5tvcW: 0 2cm 0)5iemn;*fit::. vc�?t:,co Gnt::.. -z:O)vf.i7, Mu@ vUt« tr� 
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Fig '3 Seasonal change of the chlorophyll-a concent1at1on 
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ffG 5} ii\ G i ii\ tJ:: Q 0) :I: 0) !7 ° 0 7 1 11,, a ii� Jf. 1H tt ti, t \, , 0 . 
3 J:1 *7]\ G 4 J:1 J::if]vCil\vtt, ill< ;;ie LJ:ifG5}0) !l O O 7 1 ;t,,a O)iJll\tvi-ts=:lv� L < 

.t1;g1.m L ,tO)ff�1->i"" 0. f}(il\ G�vcil\vtt, ;;ieJl�f4s:O)J¥ tt il�t� L, :: :tuc{f "'.) t, !l 
0 0 7 1 11,, a O)z!ll\tO) rls1 \, ,$[if!IHil: rvcr.til� 0. Lil\ L, z!ll\t-tO) i 0) viiM<1->i"" 0. �ii\ G 
�vCil\vtt' !l p p 7 1 ;t,,a O)zJHtvi t J: t J: vc1i1-> L, Ji!)Cvi� L < 1->tJ:: < fJ:: "'.) ts:. 

"it.::., $1.k!!EifGc-vi, I2J:J2480):;ievc1c.s'.c�, llJ:Jil\G !7 ° 0 7 111,, a O)zJlocil�iJZMvc 

i� < fJ:: "'.) t t5-ts:. 
'a"-t !ls,, ::a :/VC�"itl,0 !l O O 7 1 ;t,,a O)j,l).!t c ,lO)-t !ls,, ::a :/0)]¥ tt O)fft"a::, ,lO)-t !l 

s,, ::a :/VC-g"itl,0 !l O O 7 11t,,a O)jt1a::�hi""1��c **--0 c, -"'JO)�;f-,l-5-_kttO)-j-«tO) 

-t !ls,, ::a:/ O)j:��0)5f1Jvi-t0)1.Ktt0) !l O O 7 1 11,,a O)�:l:1a::�i"" c * *-.. 0:: c il�c- f!5- 0. 'a" 

wtfH.kttO)i""«tO)ifG5J'O)J O O 7 -,  11,,a O)zJloc1a::1J!WJELtvi\,,fJ::\,'n�, ;;ieJlt-tO)#Jli 

vc !l O O 7 11[,,a .mO):::kifG5til�mi:r Lt\, '0 0)--C, 1Z! 3 vc� Lts: !l O O 7 111,,a O)iJlOC c -t 

!l s,, ::a :/0)]¥ttO)fff0)5f!J"a::, -"':)O)W\*41.kttO) !l O O 7 111,,a O)�:l:1a::-@i1EE1':Jvc�hi""{@ts: 

c * *-.. t.::.. 3 J:I 22 8 O)W\;fSi-"a:: �\,, t, :: O)fil["a:: IZ! 4 vc� Lt.::.. 

IZ!il\Gi¥1 Gil\tJ::J: 5 vc, !lo o 7 111,,a 0):1:vi 3 J:J vcJt«t, 4·5 J:J vcti1JQ L, {@i 1,/?j\,,. 

mg/m3
.-' --------------, 

xcm 
3000 

0 0 II) "'2" - N "'2" II) r-- -
N 

,:::; > � � � >< � � � I-< I-< 

� 4 -;;$:O)�f1K.�i:h� !/ r.i r.i 7 1 ;r., a O){t:5:0)�f{rj�{t 
Fzg 4 Seasonal change of the total chlorophyll-a content zn a core sample 
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L, 10· IlJHcvt1J,tee01Jii<PLts:. 12111 B-ts:1U 1�JJDLts:o)tJJ!}rNrd<PL, 1 FJ13Ric1:i: 
0 l ��If� L ts:. 

2. 4. ire/IDO)JjJ��{4'2::'1F-t't�� c L -C, .li1�fil l pH c 1;r, 7 Jg 1 B, lOPJ 5 f3, 12 
Jj 1 ° 24 B' 1 j� 5 ° 13 B 0)$\f}vc "':) \, 'l ;Jllj'� L, o:iiy1t-cr;��§f::{'!·O)zf i1J'i:tfl:: ':'Cb 5'0 7_) 5 
c L ts:. 

Bs)5V:'.:.7FLts:l 5vc, lO}=J 5 80)�t;\-J;tJ�1,,-c, 7 fl 1 Bild:) 1J-J58-:i-CO);§J\,;f;\--C(i, 
li,1*1livi1bJ7J<.��ffii1'bii -c,p tee <, �ef!IJ:tm-e�" ,. -·ts: A,l1�11Jn L ts:JiK*�vi, � e/\f O) r=!� 
:R_j)-. G Tfm�cll,vt-CYJ�j,--t 0. �{s�O)TO)JJ!�e/ic vi:!:'g;tJB:viJ,,"tee\, '11;, f.J�}C;i!J.:-5 < (Cv:) 
;rt Pf rf.t�;JIJ't- 0. 

10J=J s s O)fA*'rc'vi�'fs�O)-fc't�c�t:lt! IJ\� < tee o. ff ts:, 1 J-J J B O)§Af-4c vinifil�O).tfnf 
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Fzg 5 Seasonal vanatzon of chlorznzty and pH zn the sea zce B1 oken lzne is chlm znzty 

and solid line is pH. Ve1 tzcal range of the coloured laye1 is shown by two horizontal 

lines 
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*iTI:vi� < fJ".. G fJ".. 'v '• 1 J=J 13 B vCvijr fs/i#ili l lfl:f'i�vi i 'b 6 A,�{is:s"J vc�*jHi1J�1J;- -t 0 .  

5if13m{tili 0)�*:!'.rHi 7 J� vcJt« -c 1 0  • 12 J=J vc.t1&110 L ,  1 J� 5 B vcvi 7 Fl �J]'vc1rd<1J;- -t- o .  

i"-13/i{,J-ili l  lfi:f'i�O)J;i*ffi:O)zferfi'i�lbiJ:� L 1., , O) vC}x L -c , 7flJ.7j(�]ID O):tiJ*l�Ji *t M y  fJ".. 
< ,  :ri13/i l J1'E l O) �MJO)�jt!±O).rtf)s"J!J;-tJ".. 'v  ,f1�5tc'O)i:�*illO)zfr.�11�ibvi1J, � 1., , .  

7 fl 1 8 0)�f>l-c'viWJJ1J<-�JmO)pHvif1& < ,  *Irri l f:J 20"'-'40cmTO) fmn- -c, ?.'� 1., , {j ��-t . 

pH {ivii"-13mc-�mzvcj)9%y L ,  }T_ Hcili---::5 < vc "'J;rt, -C:J±}U:t�1Jo-t o .  1 0 13 5 B ,  12J=J 1 El 0) 

�;JBl-c t *®#JliO)pH{ivi1J, � < ��lliiT20'"'--'40cm c'l1t110-t 6 .  pH{i-t 0) i 0) vi 7 J=J &c .Lt 

« -c{l&'v , .  i"-13�c-O) pHO)rfrRY t n:J,co Gh o iJ: ,  �yO)J'.t-&vi 7 J Hc.tt� L -c 1J, � < tJ".. --;; 

-n <�> . 12J=J 24 B ,  1 J=J 5 El O)�J\*4c'vi�E1JI , *Hc:rie/iJ::ii�O) pH{jiJ:ti co-c ,i < fJ".. o .  

i f.:_ , 12J=J 24 El vUi7flH.Klfl:1S�c i pH{ivi r'b-'J < fJ".. --;; f.:_ i):, �5/i O)m�i;: l l i vc , 1 J=J 5 B vc 

viYJrJ<Y L f.:_ . 1 )=J l 3 B vcvi:lre/i 0) pHiJ:�1i Lt.:_ t! vtc' fJ'.. < ,  �iis:s'g vc pH{jO) fJ1Ti7:f;t2, 

c6 G hk . �*� O)�� l � C l 5 K , �*�OO � G aKi"-13/i l �*O) � l O)�O) pHM 

vi.rt�s'gff < ,  iJ,"'Jzf.i'fn�fw t Y tJ"..iJ, -? t.:_ . 

2. 5. � ;rt, i c' vC:ri13mO)�lD�i!Jvc "'J 'v ' -CJZD:« f.:_ . � � c vi , �-e/i� 4) --;; ts:wJ7j(O) Jj'( 

SJZs"JtJ".. Jl:iJ: f:J ��tt-t o .  i f.:_ ,  --ist i 'v ,[R�pqO)�fJ".. --;;  ts:=,�iJ ,  G� Ghts:�*4tlHDc , ib 
i f:) i[�vi fJ".. iJ, --;; f.:_i):, '"!_ --;; f.:_ < � C t 'v , 5 hvtc' i{) fJ'..iJ, --;; f.:_ .  -t � T, M'13!¥lt O) d;.. G;rt, o  

M-1.K�l� vc "'J 'v , -c ,  ['O)fi!JtO)�Fifrvc l o  li�iJ:fltE-t o iJ ,  ��* L ts: . 
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Fzg. 6. Map showrng sampling stations. Serial observation was done at about St J .  
Coloured layer was found at  Sts. 1 ,  2, 3 ,  5 ,  6 ,  7 and 8. 
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Ji LU 0ht� CO Lt ,  Sts. 1 , 2 , 3, 5 , 6 , 7 , 8 t �b I) , � 

l1'.:.Jffi CO J]'(S"jL7}�(p irJ< ii 2D � I] JJ; < tJ:.iJ ,  -:i t� . 

::. h G co J ili}� 0) � §. m co� TI[ 0-111 '2:' f;sl 7 v::::. 5F L l.:: . [2'i 

iJ , G IJJJ G iJ , fJ:. l  5 1::::. ,  Sts . 1 . 5 ,  6 ,  7 t vi7\le� coJ: 

0 vi25�40cmt to -:i t� . S t. 3 --e ii�e.ffi¥ COJ:y�l� viv11}.K 

�jII[-f25cmO) 2: -:=_ 6 VC 20 6 7J�� 5�C0 rJ 0 vi 80cm(:::. '{) 

1Ls:. . Sts . 2 , 8 t a�e�coJ:{t�� iJ\yfu;J<.1�Im-F40�50 

cm o) l ::. 6 (:::. t0 I] , xhs/f'i co J� 0 vi60cm --e t0 6 . ::. 

o) 1 5 (::::. �e.J'f3 co�rM0'1rrt* vi .1:Jj rvi vc:: .. 1 -:i -ciJ ,. t_r_ 'J ff� 

ts. -:> t \, ' t� .  

Sts . 2 ,  3 ,  5 ,  6 ,  7 co�t¥4 v:::."':)1v , -c vi ,  :L_if�U!l l pH l  

'2:' lJ{U1i L t� -_t� t co�fir --erfH1.K1{ffii co:L�*illvio/ tJ: 1v , . 

iJ , (0- -c 1F�o/-t 6 .  Jlri*itvii"e!i corc'Ii!v:::.1rJ<j; L ,  @: 

tm c :rJ U' J \�1 Jm-t 6 ( [� 8 ) . 

pH vi¥fDJJ<.1-<IT!J t {l& 1v ,{@'2:' 1F L , �U.illiJ,  G ;ig  � iJ ,  6 v:::. 

v-:J;h, t l1Jhr:l L t� co 'b�K-YJrf<.j;'t"" 6 .  ::. co�mztJ:. ]!d<Pvi ,  

Sts. 5 , 6 ,  7 c vi*[l]r20�40cm, Sts. 2 , 3c' vi -th-f 

fL60cm c 45cmco l ::. 1:) --er!] I] ,  Yc CO #Jliv:::.�e)�iJ: 

f�&J: � ht 1v , 6 .  K'(ms --c:,pHviNO:i 1;g1J11 co f� P'iJ '2:-1F -t .  

3 .  

{(/j ;]<. o)�HRifJ m_ 1:=Jirftco1i ,1�J:::. l 6 ;i-e11�5};o\§l GJt 

;s c l  vi fgf v:::.1-0 r::..::> h t 1v ,  6 .  FUKUSHIMA and MEGURO 
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at�15 �n --n, , tJ: 1,, , . MEGuRo ( 1 962) vi, " 7
° 7 :/ !l t- :/1.k" vi ,  � t 1m 1.k c O):!t:Wv:. 

@J}(b�&A L ,  qffe, :*MlJllO)tw:tw c t i K- -t c: c'ifi,n��M-t 6 ::.  c vc l -::i 't$nX: � *1, 6 i 
O)c'�,,S 5 c ftMli Lt::.. -J5, HosHIAI and KATO ( 1962) vi, B :zjs:O)�!]f-C , 1:ikJ}(ffE Ch­
lamydomonas b�*61.k1B=vc1:_ g-t::. "i i 1.kO) � vc t  1? � "i *1,6 0)�fJ\!� Lf-.:: . :: .JJ,� c' "*®� 
7

° 5 :/ !l r- :/7](" c fJ;Hdfttl:vc, -t-e vc�«t::. l 5 td�:i.&Jc-;le]ib�lff J&: � n 6 c 1,, '  5 :$� 
vi�*8i€ 1,, ,. L/J \ L ,  ;ie!inf nX:O)f}JWj O):i.&J�O)�i@ vc "'J 1,, ,  t vi, 1i'J\!�'J_: f-=jtce ;;t tJ: iJ\ -::i t::. . 
;leJiO)ffl11.k*®iJ\ G O){ftfl: c :;-e]iO)� � iJ��Ffr vc l -::i t  �tJ: -::i --c i,, ,  6 vc i iJ \iJ \h Gi" , 
�ltl: c pH t �i�� c LtJtt::.�B, ;leJivi�!fftd�Hi� i -::i --c i,, , 6 . 1,, , ;s 1,, , ;stce� �  
0)1.kO)-flilffic', 21> 6 5E i -::i t::.tHt/:0) ""fvc;leJin�%J&: �nt::. i 0) t * ;;t G:tL6. *61.k;rt:JHifH� 
0)#.!b.k c @7KO):f7\fL� tJ: G v� vctltt&Jffl��*B:! vc�1t-t 6 �,�IJ��;s 5 . 

c ::.  ;s--c, SKf1J£±&c-Jt Gnt::.;leJiO);}(Sfs':ltJ:JLn� o n�� "i 1; * g- < tJ: \, , ::.  t �� ;;t 0 
c , 7° 

1J :/ 7--. • * 5 7 #it�i$c-, iJ \ tJ: 1? $$1f!fflvcht::. -::i --ct:&co Gn6 "�lil� 7° 5 :/ !l t- :/ 1.k" 
n�, ::. ::. c':ii «t::. t !PJ Lin£:i&Jc'fftJ&: �nt::. i 0) c-� 6 7'.) \  c'' 5 n \arpimc 0 6.  ::. 0) ,� �Mtlz 
-t 6 t::. cove v:t, E1�)ca;mtct�1t�frtct 5 �,�tJ� �6 t }ISlhn 6.  

1 2A 24 s vc �� � tL t::. l 5 tJ: YBi1.k 0) !l'.E 0) ;iefl! vi, SBflJ£±-ilimJ321.i3' J: u * / !J'' ;L, wl!f% vc a; 
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O)fl�i JUJvi.LJWfi v-=. l -'.) c_7], tr I) !Ut. 6 . � tl vi, FUKUSH IMA and M l�GUR O ( l 960) 0) "Jlk� 7° 

·7 / ;J 1' '/7}('' (-=. {i:]�-?- � cb 0) l }JJntL, -cz :J --:{ - ], -it '} '/ j, ( Bv:--;T and WooD, 1 963) , 
�1UJ<-1 '1- ( APPO RO:\ [0, 1 96 1 ) 1.) ,  G ,L -r�'fs· 0 fl T 10 � '  li0tTvt f(1H� J1': < )}:r'rr-t 6 ,L 0) l 1'5 7\._. G 
tl 6 .  

1 2 J-J 2+ B , ';i. ,c-1H-J mJc..vt=>� O) �!i-f5fig{iJ:Yn'c: Li� �  2:: v-=. tt. 0 .  STLYAERT Cl9G4) ti, 

-, ;L,, cct- - 15� ( 1 9GOf-F-l 961 {j: ) iJ;i(u 7J<.fftj 1-J-Jfr l JL\ l v� �@.)�,,y � 'J / �  ':I :J 7 -1 7-. tr' ru� l JZ& 

4 .  
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11llivi,  �et¥G%K.lt«--c �iJ\ -? t.:.. . ireiH0nx:@[1f, !7 p p 7 1 it, a 0):1:vi\., , -?  t.:.. ,Z,t�tm 

L ,  �iJ� --C lJZ�vc�p Lt.:.. . �vUi, !7 t=1 t=1 7 1 1t, a _;_vi�� Lt.:.. .  
3. if e/i 0) J}( Sf S"J tee !A iJ � I) vi jb i 1J * � < tee < , 50m X 150m c' jb -?  t.:... 
4. ;l-e/i 0)%JvG �:rt, Q {ftlit, ife]i0))¥ � vi�p}rvc J: -?  --C �tee -? "( \., , f.:_ .  LiJ\  L, -filx 

vc , �e/i jbQ 1.., , vti-O)JlI < c', :I:�*_;_ l pH l vi �\.,  ,{m[�1F L, iJ \"J��vcriP-t Q .  
5. 5ieJiO):f:�*li:O)�i1'i�if.lvi, �eO)-f'1GJtvclt«--c* � < ,  lO J:l iJ\ G 12J:I i c· � 1.., ,{f 

�1F Lt.:... 
6. ire/i O)pHO)�j1'i�lfJ i AAeJi vcJt� L "( * �  < ,  12J:I rWiJ\ G 1 J:I J:itHCiJ\vt --c 

t_ico--C?§i \., ,{@:�1F Lt.:.. .  
7. 12J:i r1sJ, Wfr7j(J1Ef1G vc)31jO) j°-e/iiJ�%nx: � tt,, 1 J:I J:W i c' VC]rl§� Lt.:.. . .:::. O) l  �}E;; 

-f'1G O)��it c pH l vii�1JO Lt.:.. .  

� YF 
� 8 lJZ���O),�JE�ift�:&� vi S eo, ��vc�JJ L --er � -?  t.:..��11-{ftvc�fflO)��* 

-t� . t�HC , �tm1Jfil*+fl1]ffiif31-+&f JtpJrO)nffio/EWJ#j:SU\ G vitl /.z ;::-�7F • ;::'1JWJ� \., , f.:..t-:: 
� ,  11<-!:w:1J!�'t£ i:*31-0)--f'1G� {iffl � �--c 1.., ,  l: f-: \., ,  t.:.. . it.:.. ,  ;@,� O)f}'.[Jif!J!U:1:vUi, 11, �*+±-fu 

�+��O)�ffi*�Mfi�O)���h-t Gh Lk.  � L --C��-tQ lJZ��jb Q .  
J!s[�t*+1:.4o/J+��0)1JO§��ftlw&�, �_s1rt4+t:f4o/J�O)�ffi���t:f±K:. viJJ¥C¥rlh�wt,Z, c' 

1.., ,t.:..t� � .:·#j:1F�§tvtt.:.. . W: <  to1L$ Ljbvf Q .  
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