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SEASONAL VARIATION OF CHLOROPHYLL-A AND HYDROLOGICAL 

CONDITIONS UNDER SEA ICE AT SYOWA STATION, ANTARCTICA 
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Abstract 

From March 1967 to January 1968, ecol­
ogical studies on the seasonal vanat10n of 
the chlorophyll-a content and some of hydro­
graphic factors, viz chlonmty, dissolved 
oxygen and pH under 5ea ice, were earned 
out at S) owa Station 

The results obtained are a5 follows 
Judging from high concentrat10n of 

chlorophyll-a, 1t seemed that the deme po­
pulat10n of phytoplankton was formed under 
sea ice dunng the Anta1 ctic summer season 
The chlorophyll-a ccncentrat10n increased 
and decreased m accord with increase and 
decrease of the i>olar radiation 

2 F1nt, the chlorophyll-a concentra­
tion increased and reached a peak in the 
surface layer of the �ca water (0 m in F1g­
ures;1 Increa5e of the chlorophyll-a concent­
ration in deeper laye1s occurred later 

3 In the surface layer two peaks of 
the cHorophyll-a concentrat10n were recog­
nized ,n both spring and autumn, but one 
peak m each of deeper layers in summer 

4 Influence of the thaw wa5 remark­
able in summer, especially in the surface 
water Consequently, a thin layer of water 

of low salinity was formed beneath the sea 
ice and 1t seemed to remam till autumn 
Water of high sahmty occupied the layers 
deeper than 4 meters, and wai> hardly in­
fluenced by the thaw 

5 The seasonal vanat10n and the verti­
cal d1str 1but10n of d1s5olved oxygen were 
correlated Vvith the temporal and spatial 
d1stnbut1ons of the chlorophyll-a concen tra­
t10n 

6 The vanat1on of pH was also related 
y\, 1th chlorophyll-a, so that the pH value 
vaned with dissolved oxygen In the surface 
Vvater, hov. ever, tee pH value was influenced 
not only by phytoplankton but also by thaw 
water 

7. At Syowa Station, tVvo stations were 
chosen for this study but little cliff ercnce 
was recogmzed between them with respect 
to the oceanographic conditions 

The results obtained at Syowa Stat10n 
were compared with those at Mawson and 
Mc-Murdo In summer the oceanographic 
cond1t10ns at Syowa were similar to those at 
Mawson, and m wmter the condit10ns at 
Syo\\ a resembled those at McMurdo 

* [!J_s'i l! '-¥'l�t:j1,0Qg�Jtl!.WT'.:1E-fffi Department of Polar Research, Nat10nal Science Museum, Ueno 
Park, Tokyo 
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t_: � 2 7d:'.' 1�f-Ht-c ( , Q . -= 0) 1:fz 1 J=J 11 s v::::. iJ,  vt-c , ti} v, pH 0) ifP;t}' iJ :  � -=.  Q -=. 0) JJlf? :·::::. t 

1D i:f. ') -C ;l] -:. Q A� -C 12 B 13 El 0) pH fl& r· l vt.�tJ: Q Fl1J 1:::.;t�t� l '5 v::::. , �m O):f:'t',;{�flli 1 

B l ' 0 vn,{l\ l '  LiJ • Q v:::. , -:_ 0) {1\iiJ,A,!Jt7](0) q=i -C , !7 i=z i=z 7 ,1 11,, a /JP�!Jt ,  1�FtE@i1kff'.fi 

<Frx: :'.}' L ts: l I H , f<___ iJ, tJ: I) l� 'ffi-C J-;) I) , pH t t� t-: 'b v::::. :pfu\ J::� 7a: I :t C 60 Q :Ii fKiJ, Iv /Jt7]( r::p 

� 1¥lFfr l -t- Q 1� ¥!l 7
° 
5 :,, !7 1, :,, *Erl 0) 2{;) Q -:. l iJ,Jtf:JE � h Q . -=. 0) l '5 tJ:frli fll 7' 5 "/ !7 r :,, 

pH r:::. tt � -C 1! tfrtd£ l!i)J 7a: -t- Q 0) -C 2{;) 0 '5 

2 rnU1*0) 4'i-J� o) pH O)N: !i'J;fffl r� (i1D=- l < 1.Ll -C l, Q iJ , , i -t" i :t L 60  v::::. Ji'JJJnffif rtJ � 5JZ-t°O) i:t 

LiJ, L, 1 JJ 2 9  EJ v::::. f:t 1V1":f�ft*:fitiJ :�:'.}'-t" Q v::::. t iJ,iJ,b G-t- pH{[ThHi r%:11 < tJ: Q 4m, 6m, 8 

m O) ��v::::.:.J:ovj· Q pHO)&�J 1) �< mtEmi*O)�Il!./J c fh L -C � -:. Q 2 m jj� 0) 4'i-� -C vi 

i\:111% • ,Mi:1.kO) J�15*2'iJ , :'.l,,'tJ: < ,  pH O)�[�v:tM¥!l7
°
5 :,, !7 1-- :,,v=. 1 Q Jti,-/»tO)�t!; � ::k� < 5t 

( --J· --C 3!£ Q  t 0) l �f<.. GJ'L /.S tJJ:.O) l '5 v::::. pHO)ocfJ�:::."'Jl ,-c t '  ��vi ft!!O)� l J/JJ: I) t�­

� +ce Y-ttE-c 4) Q cl' *- Q 



No 35. 1969] 65 

St. 2 C0 pH C0 {j , �ivffilPJ vi St. 1 c li'tJ l: ·ccb 0 .  

3iMvc. u vt  0 � 1,, , pH{illvt BuNT ( 1960) vc. l IJ -=c.- - 'J :/tJ�  G$1i15- � :h -n , 0' Cll:iWJ8.86) .  

-15 , -;r !7 -;r - F' C0 pHvill:r�8. 09-C· (LITTLEP:AGE', 1965) .  !1BfD£:tfilC0 ll:�fill 8 .  68vi ..:i:  -

'J :/ C0 {i11vcJl[t , . i t:.. ,  pH n��kffltC0M*� 1,, , fill�ffi-t -:. c vt_hic 3 £t-t! Hc.�illl L t:..�� 

-c· cb 0 tJ � ,  �Ji C0 pH� f}JtJ � ;i� · ;i1k c 1:. �Cf) fp ffi c vc {15c 0 -:. c vi -=E- - 'J :/ , fJBfof,fj£jjg 

--e[iffi�tc£!fi* c cl!> 0 .  

�M , -=c.- - 'J :/ -C·iuts 1,, , pH (8. 62) �ffi-t7-/(�tJ�!�� G:h 0 }�, -c ¥¥�-c-cb 0 . ' -;r ;7 -;r -

r c aB;¥o-c v1 , �;Mvc.t-ovt 0 pHC0 {i11vt 1} � < , ,tC0�f)JC0 ift!Ht1Dc. fJ;L --n ,  -c�tv�ivt 1J\ 

� \, ,  

2.5. clo ;t, � (= 

!1BlD£:rtgC0 fil!:1}Cflc.t-o 1t 0 !7 P P  7 1 1va {ll{C0 �.iw�1t c 1lf0 7
°

'7 :/ !7 r :/� c lJ i < 

=, -=.C0 fflm�{lj::C0�1c l � ,  -=c.- - 'J :/£:ttg (BUNT, 1 960) , --< !7 -;r - F'£:11!2. (LITTLEPAGE, 

1965) C0M* c J::t� L tJ:n� G�-" -C � k .  LtJ, L ,  tmm1JO)'frfd7:hf-:MFa"Hi -=c.- - 'J :/ -C vt 

l 956if. 6 A tJ, G l 957� 2 A i -C -C cb I) , -;r !7 -;r --- rc·vt 1961 ::tf. 1 A tJ ,  G 12A i --ec·cb 0 . tf 

":) -c ,  fi k C0J!IJJE{@.� J::t�-t 0 �ifvc. vt , -:. C0 ,��3t:5t�Lt L tJ: < -c vi tJ: G tJ: 1,, , .  fiJ�C0 1t  

� § C0��C0�� � 0 k�K , 4t£:i1!2.C0 -�C0 -$� � 1 Kffi L -C t-o < . 

a 1  � - 'J Y , � ? � - � .  m® 3 £���R��� 

Table 1 Comparison of oceanographic conditions among three Antarctic stations. 

Chloro-
c 1 - 02 pH phyll-a Stat10n Penod Depth (m) 

(mg/m3) (%0) (ml/L) 

Max Mm Max Mm Max Mm Max 

Mawson St. 1 June ' 1956 to 24 3.92 0.62 19.38 6.53 1 2.22 6.87 8.62 

St. 2 Feb. 1957 1 00 2.15 4.72 1 9.02 6.25 1 4.45 7.42 8 86 

McMurd Jan. to 290 Ca 2 34.05* 34.99* 6.08 8.59 7.63 8.09 Dec. 1961  

Mar. 1967 to 
Syowa St 1 Jan. 1968 9 1 1 .93 1 . 1 2  1 8.69 6.62 1 4.25 7. 1 6  8.68 

St 2 Apr to Dec. 92.5 0.46 15.38 1 8.69 6.26 8.53 7.92 8.05 
1967 

* salmity 

JJ.!1fllJ,�#:irr C0 @7Jcvt , -;( !J -;r - r ,  aBfDC0 fi!u£:11!2.c·vtl*JifHtE L t-: . s:. ;h vc.tz: L ,  -=E- - 'J 

:/ C0fm/J!IJ,s1Jt;Ji r:. tttJ , tJ: lJ * 1,, ' iaj�7J(ffin : -c  � -C 1,, , t:.. . i. t:.. , !1BlD�:11!2.-C�JE L t:..="J C0fi, 

JHIL� C0 dli1£ C0 t&-vt h-tn,  -c·cb ":) t:..tJ :  c�2, �3) , -=E- - 'J :,,- �JI!!. C0 = "':) C0&-IJ,� C0 miR 0)¥£itJvc. 
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a .  lia:zl(J)DfE!ib c 1*1:il L -C 1, ,  0 c }!U-:,;h, o ir, t.t IJ ::k � t.t�J\iJ��c;b Gh,  t=rvC�WjV:.Effi�'t 

s "? t::. . -=. n GJ)$�iJ, G ,  5E�=*�J)®RviiJ ,t.t 1J �*l-r- , �1, , iffilfflJ)Jm�,r�h�5i l , t Cl) 

c � x. Gh 0 .  :or: "?  -r , w:1Jcf Cl) 7
° 

7 / !I 1- / Cl)1:.Jt�'1: §JJ GiJ, vc -t o t::.c6 vc viJ�)c � < J).Ltf! 

J� c Cl)JliJ[UiJ�£,� --es o . a:8�£:tmmJillvC iJ�'1: �! ---:, 't t [AJ t: -:  c 7J ;  § x. o . St. 1 c St. 2 

Cl)JlJ!Utt*'1:* 2 c * 3 vc� L 't :to <  . 

1965:ff.12}3 7J >  G 1 968:ff. 1 J3 i 't , :;;t :/ !I !L-- &t5_mjjll J)mj7kiJ:J.tiffil113 vCht::. ---:,  't ME�-t o c l ,  

5 -:. c vi t.t iJ ,  "? t::. . c -:. 6 /J ; ,  1 968:ff.vc vif)(vc vi t 'b 6 lv��vc t * / !I  1L--ffli�vc1J , t.t IJ $ 

1, , �:.ti(@n� -r- � t::. c 1, , 5 -=- 5 1, ,  "? tdfii7J<Cl):J::kfilJ)if.?x�tJJvi , ��.  w:zl(J_) �,r�� .z,:, 7
° 

7 

/ !l 1- :/ J) lt c :B-111 c vc::k � t.t�t!f'1:�x. 0 vif-r s 0 . tmJ!U.�'1:�-t c IAJ�vc , JcCl) 5 'b 

Cl) 1, , < --:>/J c.Cl)JmA\ -r-vi , if.?xB'Jt.t�tfJJ)iffilffl'1: �o o t::.c6vc ,  /J , t.t IJ �Mif=lj vcht::. o Jliwi:lJJ!U 

'1: ��-t- 0 -=. c n :� i L, 1, , 2: �x. Gh o . 

3 .  � 

a:Hf1J£:tmvcu1, ,  -t 1 967:ff. 3 J3 iJ ,  G 1968:ff. 1 J3 i -r , mJlkr J);jw:4?a 7
° 

7 / !l 1- / Cl) !l p p 7 

1 1va J)�0CJ)*Jl!p�[VJ��1:E L ,  sb�'t ,  :ll[::f{ti. , &tEi't��lt . pH '1:J!UJE Lt::. .  *6* 
vi<JZ CT) Jffl  IJ 't S o .  

2. !l P P  7 1 1va olfltvi , i 't" , *li 't �1JO L ,  l::
0 - !l vC,i! Lt::. .  �1, , � J) !J P P  7 1 

1L-- a J) :Lt1Jovi:to < h -r t(=; i IJ , i::· - !l vcJ1-t o EtM t :H < ht::. 

3. *li 't vi ,  lH.:k=--:> J) !l P P  7 1 1va J)!llOC J) l::0 - !l h;f�c6 G h , 2m t]_�J)}i 't vi 

�)C---:>J) l::0 

- !l /J ; ,£ Ght::. .  

4. �Mvc vi�!fi��!fi7J<Cl)�•/J,�hn , t=r vc , �Ji -r Em�-r s "? t::. . Jc C1)*6� , dlilkrMr 

vc{J:tiJ,!vfltJJ'(J)7i1, , liiJ�%nx: � htk i -r-tFME-t o c � x. Gh t.::. . 4m Ll�J) Jivc vi�JiJ ,!vm'. 

Cl) liiJ:zl(iJ;tltE L ,  V!EA:zl'-J)��vi &t.t/J , ---:, t.::. 

s. mt1:ffii�itJ)*Jl!11�!1J)J c :fil@I5t:ftf c vi , !l P P 7 1 iv a /JlfltJ)*-R11�f)J c mmI-S-1F1 c 

iic�Jl L t.::. t Cl) -r s "?  t.::. . 

6. pH J)�fili;vi !l P P 7 1 1va 9.lfltJ)�f)J c t§�j� t ---:, t.::.fb � �� L t::. L/J ,  L�/i 't 

vi�!fi��!fi1kJ)�v� t '3l:vtfl*lt.t�1tk� Lt::. .  

1. a:Hfo£:tfil Cl) rmmu v1 2 ,r#. -c fi· t.t "? t::. n � ,  rml:l:IB,r#. -r-0) tm1�u {u;nc vi *'ffii'. f1'J t.t ��a f;2, c6 G n 



£ 2 IJB;f!:1£.ll!!. St I <l)'/fa5{. 
Tab/• 2 Ocea11ograpl11c data of Station l, 1967 lo 1968, al Syowa 

-,�
at

9Mar 12 Mar 19 Apr I Apr 10 Apr 23 May 2 Mayl2 May22 June 4 Junel 7  July4 Julyl 4  July26 Aug 8 Aug 18 Aug 31 Sept 7 Sept 19 Sept 30 Oct 7 Oct 18 Oct 28 Nov 4 Nov 16 Nov 26 Dec 5 Dec 13 Dec 22 Jan 4 Jan 11 Jan 20 Jan 29 Depth'\I 

Om 0 96 I 24 2. 64 I 92 0 07 0 05 0 03 0 05 0 03 0 03 0 02 0 04 0 02 0 02 0 02 0 01 Chloro-
0 04 0 04 0 04 0 02 0 02 0 02 0 03 0 01 0 03 0 01 0 01 2 0 43 0 51 0 10 0 17 0 05 

phyll-a 4 0 57 0 28 0 10  0 07 0 06 0 04 0 04 0 04 0 02 0 03 0 02 0 03 0 01 0 02 0 01 0 01 
6 0 36 0 18 0 09 0 07 0 05 0 05 0 03 0 04 0 03 0 02 0 02 0 03 0 02 0 01 0 02 0 02 

mg/m' 8 0 28 0 18  0 06 0 09 0 04 O 06 0 03 0 04 0 02 0 02 0 02 0 03 0 01 0 03 0 01 0 02 

Om 2 99 3 18  4 96 13 61 18 05 17 81 18 04 18 32 18  37 18 37 18 39 18 3 1  18  41  18 1 2  18  41 18  47 
2 1 7  12 1 7  10  17 29 17 70 18 32 18 32 18  04 18 32 18 43 18 54 18 39 18 3 1  18 45 18 31 18  41 18  50 Chlorzmty 

18 32 18 04 18 00 18 00 18 32 18 22 18  43 18 35 18 43 18 43 18 39 18 31 18  43 18 43 18 37 18 52 4 
6 18 37 18 33 18 26 18 12 18  30 18 26 18 43 18 42 18 43 18 37 18 43 18 31 18  43 18 43 18  51 18  52 %0 

18 69 18 32 18 28 18 12 18  35 18 32 18  43 18 48 18 43 18 7 1  1 8  45 18 3 1  18 43 18 43 18 51 18 52 8 

Dusolved Om 10 53 10 64 I I  86 9 91 8 68 8 31 8 23 7 94 7 94 7 90 7 83 7 81 7 48 7 55 7 56 7 33 
2 8 26 8 28 8 56 8 56 8 37 8 37 8 30 8 07 8 04 7 90 7 7 1  7 76 7 53 7 49 7 39 7 39 
4 8 49 7 95 8 54 8 38 8 37 8 37 8 32 7 89 7 90 7 87 7 81 7 78 7 49 7 50 7 33 7 31 oxygen 
6 8 10 7 68 8 55 8 68 8 58 8 40 8 40 7 98 8 00 7 86 7 86 7 77 7 49 7 51 7 35 7 46 

ml/L 8 8 02 7 36 8 31 8 65 8 35 8 35 8 35 7 90 7 93 7 49 7 84 7 81 7 50 7 63 7 28 7 44 

Om 8 48 8 50 8 50 8 28 8 00 8 00 8 00 7 92 8 00 7 98 7 99 8 02 7 95 7 96 7 97 7 97 2 8 05 8 00 8 02 8 15 8 03 8 00 8 00 7 94 8 00 8 00 8 00 8 02 7 99 7 96 7 96 8 00 
pH 4 8 03 8 02 8 00 8 12  8 03 8 00 8 00 7 94 8 00 8 00 8 02 8 04 7 97 7 96 7 97 8 00 

6 8 00 7 90 8 00 8 15 8 03 8 00 8 00 7 94 8 00 7 99 8 00 8 04 7 96 7 95 7 96 8 00 8 7 97 7 90 8 00 8 08 8 03 8 00 8 00 7 97 8 00 7 97 7 90 8 03 7 96 7 95 7 97 8 00 

We 3 f!B;f!l;t6ii1!! St 2 <l)dfjtR, 
Tahl, 3 O«anographu: data of Slahon 2, 1967, al Syowa 

l�
at

9 Apr 4 Apr 1 7  May 10 May 26 JunelO June27 July l l  July24 Aug 1 7  Sept 25 OcL l l  Oct 26 Nov 9 Nov 23 Dec 7 Dec 16 
Depth'\I 

Chloro- Om 0 05 0 04 0 03 0 04 0 03 0 02 0 04 0 03 0 01 0 03 0 04 0 05 0 04 0 13 0 46 0 1 7  5 0 05 0 05 0 03 0 03 0 03 0 02 0 02 0 01 0 01 0 02 0 04 0 06 0 05 0 09 0 15  0 22 
phyll-a 10 0 04 0 07 0 04 0 03 0 03 0 03 0 02 0 Ol 0 01 0 03 0 04 0 05 0 05 0 09 0 16 0 17 50 0 07 0 04 0 02 0 04 0 03 0 03 0 03 0 01 0 Ol 0 04 0 01 0 03 0 03 0 08 0 1 1  0 16 

mg/m' 90 0 04 0 04 0 04 0 04 0 03 0 03 0 04 0 01 0 00 0 02 0 01 0 02 0 02 0 02 0 03 -

Om 1 7  87 18 04 18 32 18  37 18 47 18  47 18 47 18 47 18 47 18 52 18 36 18 47 18 47 18 31 15 38 17 35 
Chlorzmty 5 18 09 18 24 18 32 18 42 18 47 18 47 18 33 18 35 18  35 18 52 1 8  38 18 47 18 47 18 31 18 38 18 31 

10 18 19 18 24 18 33 18 41 18 47 18 47 18 31 18 31 18 41 18 49 18 47 18 47 18 49 18 31 18  40 16 83 
%0 50 18 82 18 24 18 48 18 60 18 47 18 47 18 39 18 5 1  18 51 18  49 18 47 18 47 18 49 18 31 18  40 18 40 90 18  84 18  69 18  48 18  60 18 65 18  5 1  18  60 18 60 18 60 18 65 18 56 18 65 18  49 18  34 18 57 -

Dissolved Om 8 53 8 41 8 21 7 93 7 98 7 71 7 76 7 60 7 46 7 1 7  6 86 6 74 6 62 6 73 7 29 7 02 5 8 41 8 36 8 13 7 89 8 04 7 56 7 73 7 63 7 41 7 1 2  6 79 6 67 6 65 6 74 6 67 6 88 oxygen 10 8 47 8 35 8 19 7 91 7 98 7 50 7 74 7 51 7 44 7 05 6 78 6 61 6 60 6 63 6 65 6 87 50 7 34 8 34 8 02 7 84 7 83 7 50 7 65 7 28 6 88 6 58 6 68 6 43 6 38 6 41 6 39 6 76 
ml/L 90 7 26 7 29 7 85 7 53 7 49 7 32 7 54 7 00 6 83 6 57 6 68 6 33 6 26 6 30 6 32 -

Om 7 92 7 97 8 00 7 95 7 95 7 97 8 00 7 95 7 94 8 00 7 94 7 97 7 95 7 88 8 05 7 94 5 7 92 7 98 8 00 7 95 7 95 7 95 8 00 8 01 7 95 8 01 7 95 7 99 7 96 7 90 7 95 7 95 pH 10 7 92 8 00 8 00 7 95 7 95 7 93 8 00 8 00 8 00 8 00 7 98 7 94 7 98 7 91 7 95 8 01 50 7 80 8 01 8 01 7 95 7 95 7 94 7 95 7 97 7 94 8 00 7 94 7 97 7 95 7 90 7 95 7 99 90 7 80 7 98 7 99 7 86 7 95 7 93 7 94 7 90 7 94 8 00 7 93 7 98 7 93 7 88 7 93 -

0 02 0 01 0 03 0 04 0 1 3  0 08 , o  20 0 22 0 41 0 41 2 82 6 13 2 29 0 70 0 42 I 26 0 01 0 01 0 03 0 04 0 05 0 09 0 1 1  0 10 0 16 0 20 0 51 I 65 4 85 4 48 I 81 3 02 0 01 0 02 0 03 0 02 0 06 0 06 0 1 1  0 10 0 16 0 09 0 28 0 53 5 62 7 62 4 21 3 20 0 01 0 03 0 04 0 03 0 06 0 06 0 10 0 10 0 19 0 20 0 24 0 25 4 63 5 18 9 85 1 1  93 0 01 0 02 0 04 0 07 0 05 0 06 0 09 0 09 0 20 0 20 0 1 7  0 27 4 16 4 54 8 68 10 99 

18 47 18 34 18 47 18 41 18  22 18  47 18 47 18 38 18 47 17 35 2 69 6 71 2 28 I 12 l 53 l 57 18 00 18 43 18 32 18 31 18 31 18 47 18 47 18 34 18  47 18 19 16 98 15 5 1  12 88 15  94 16 42 12 17 18 47 18 29 18 38 18 38 18 41 18 47 18 47 18 47 18 47 18 19 1 7  78 17 78 1 7  19 18  36 17 86 17 43 18 50 18 41 18 41 18 43 18 41 18  52 18 52 18 47 18 47 18 32 18 31 18 23 18  25 18 36 18 21 1 7  99 18  50 18 49 18  56 18  47 18  47 18 52 18 52 18 52 18 49 18 38 18 49 18 36 18 36 16 23 18 17 1 7  34 

7 20 7 28 7 21 7 09 6 81 6 78 6 93 6 97 7 06 8 01 9 19 9 91 9 50 8 68 8 67 8 49 7 16 7 22 7 16 7 03 6 76 6 77 6 76 6 99 6 91 7 18 7 17 8 15 9 96 I I  42 13 03 12 09 7 12 7 31 7 13 6 87 6 71 6 71 6 Bl 7 02 6 79 6 98 6 95 7 10 9 12  9 05 13 74 14  25 7 12 7 32 7 19 6 88 6 73 6 72 6 74 7 02 6 79 6 93 6 79 7 00 8 53 8 54 10 82 I I  61 7 06 7 33 7 13 6 87 6 72 6 68 6 68 7 02 6 73 6 98 6 62 6 86 8 00 8 47 9 89 10 00 

7 99 7 99 7 97 7 96 7 93 7 95 8 00 7 8-1 7 90 8 03 7 44 8 35 7 90 7 16 7 64 7 88 8 00 8 01 8 00 7 95 7 98 7 97 8 00 7 88 7 95 7 98 7 95 8 08 8 29 8 29 8 54 8 65 8 00 8 02 7 98 7 95 7 95 7 99 8 01 7 90 7 95 7 95 7 99 7 95 8 23 8 I I  8 56 8 68 8 00 8 00 7 96 7 94 7 97 7 93 8 00 7 89 7 95 7 95 7 93 7 94 8 19 8 10 8 56 8 51 8 00 8 Ol 7 94 7 94 7 95 7 94 8 00 7 89 7 95 7 95 7 95 7 94 8 14  8 12 8 34 8 40 
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tt:. n, "? t.: .. . 
tJ-J::(7)*5*� · ..:e- - �  :/£:1:tg,  ""'< !I ""'< - r'£:1:tgc·� Gnk*s* c ltti:�tt Lt-: .  aHfn£:1:tg 

(7) �JW (7) @tJl vi ..:e- - � / £:1:tg (7) ..'t n vc , �M (7) @tJl vi ""'< !I ""'< - r £:1:tg (7) --t n vc --t n ;en 1J;J. --c 

i,, , f-= ,  

-=. (J) ���fi tt:. :"J ve s t-: 9 ,  � 8 ?X���(l),�Ja-�m�*n· G vi��a c'MJjJ}j c �-!;IJtt:. c'WJ 

§ � \, , f.::.f!_\, , f-: . ff. <  :fo1L $ L 2e> vf 0 . -! t-: ,  B fil:i:(7)Jtf4(7)�ffl �'tR:m � n td�ttHl=! � (7)  

��ffil � vi t::cY_) , !ff1i-1'F�� WJvt-cf � "? t-=�f:stvc�Mfi"" 0 ?X�c·s 0 .  

}&�vc , rn(ffi��1v --c-r � "? t-:*�t*$(7) 1Jr1Ei�J,J:1tttlt , ffi!.ll.f4$r-f*'ffi (7)10m:iii�tf 

±vcJf. < :fotL� $ Lsvf 0 . 
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