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Abstract : A continuous series of 60 snow samples was collected at a 2.5-cm interval from a 1.5-m snow
pit at a site on the Styx Glacier Plateau in Victoria Land, Antarctica, during the 2011/2012 austral summer
season. Various chemical components (3D, §'0, Na’, K*, Mg?*, Ca**, CI", SO,>", NO;~, F~, CH3SO;5",
CH3CO;™ and HCO;,") were determined to understand the highly resolved seasonal variations of these
species in the coastal atmosphere near the Antarctic Jang Bogo station. Based on vertical profiles of §'%0,
NO;™ and MSA, which showed prominent seasonal changes in concentrations, the snow samples were dated
to cover the time period from 2009 austral winter to 2012 austral summer with a mean accumulation rate of
226 kg H,O m™ yr™!. Our snow profiles show pronounced seasonal variations for all the measured chemical
species with a different pattern between different species. The distinctive feature of the occurrence patterns
of the seasonal variations is clearly linked to changes in the relative strength of contributions from various
natural sources (sea salt spray, volcanoes, crust-derived dust, and marine biogenic activities) during different
short-term periods. The results allow us to understand the transport pathways and input mechanisms for
each species and provide valuable information that will be useful for investigating long-term (decades to
century scale periods) climate and environmental changes that can be deduced from an ice core to be
retrieved from the Styx Glacier Plateau in the near future.
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Fig. 1. Schematic map of Antarctica showing the location
of the Styx Glacier Plateau on Terra Nova Bay
(TNB) in Victoria Land, Antarctica and other
sampling sites discussed in the text
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Fig. 2. Atmospheric temperature record from Italian Lola AWS (a) and vertical concentration profiles of soluble ionic
species determined in Styx snow pit samples (b-k). Grey bars and dark grey bars represent summer and
winter seasons, respectively. Dotted line in Figure (a) indicates one month running average and shaded areas in
Figure (e)-(k) represent non-sea-salt fractions

Table 1. Statistical summary of major ion concentrations as ug L™' composition ratio (non-sea-salt ratio in parentheses)
in total ionic budget from the ionic balance calculation as peq L™' (Delmas 1992) in Styx snow pit samples

CI” Na* Mg®* K Ca* F- CH3;CO,” HCO, MSA SO NOj”
No. of data 60 60 60 60 60 60 60 60 60 60 60
Minimum 124 181  3.04 372 592 0.4 533 1.64 208 728 126
Maximum 805 372 493 153 109 621 34.0 35.3 115 267 212
Mean 179  79.1  11.0 545 119 129 12.2 7.87 159 623 496
Median 119 487 567 447 764 1.04 10.2 6.34 742 361 446
Standard deviation 175 894 11.8 246 145 086 5.79 6.37 194 598 324
Max./Min. 64.7 205 162 411 185 115 6.38 21.5 551 367  16.8
RSD (%) 97.8 113 107 45.1 121 66.7 47.4 80.9 123 96.1 65.4
Composition ratioof 325 222 585 090 3.83 044 1.33 1.13 106 836  5.15
total ionic budget (%)  (9.96) =) (1.43)  (0.49) (2.98) (0.44) (-) (-) (=) (6.06) =)
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Table 2. Mean concentration and relatively standard deviation (in parentheses, %) of ion species and information
(slope, y-intercept and correlation coefficient, 7*) of linear regression line between CI” and Na* in Styx snow
pit samples and the previous data reported from other sites

Dist. Time Acc. Mean concentration (ug L) Slope/y-
Location Altitude from  period Rate intercept Ref
(m) coast covered (kgm? WNat cr Ca?* MSA o.ofdata,
km) (v yr) )
Lambert Glacier 181 329 355 21.6 1.79/3.67 .
(76°23'E, 69°35'S) 679 24 1999-2003 260 (105)  (104) (56.3) (62.5) (67,0.99) Lietal. 2014
Styx Glacier 79.1 179 11.9 159  1.93/26.07 .
(163°%6'E, 73°54'5) 1720 3020092012226 43y (978)  (121)  (123)  (60,0.99) This work
Coats Land Mulvancy and Wolff
(22°32'W, 77°02'S) 1862 150  1962-1986 155 57.0 118 - - - 1994
Talos Dome 21.8 46.7 2.80 5.36 1.64/13.7 Severi et al. 2009
(159°10E, 720495) 2216 230 19752004 77 01y 657y (67.1)  (123) (1100,089)" “Becagli ctal. 2004
Whitlow et al. 1992
South Pole 11.1 34.1 4.20 11.3*  1.95/11.16 ,. .
(90°S) 2880 1270 1955-1988 71 360) (205 (167)  (109)  (99,0.76)° Dibb and Whitlow 1996

PNSIDC (1980-1990)
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Table 3. Result of Principal Component Analysis (PCA) factor loadings for the measured ion species in Styx snow pit

samples
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

CI- 0.97 0.14 -0.15 0.02 0.13
Na* 0.97 0.17 -0.13 0.03 0.03
Mg2+ 0.95 0.29 -0.08 0.03 0.05
K* 0.93 0.32 -0.09 0.01 0.04
Ca** 0.28 0.90 0.05 0.11 0.22
F 0.33 0.91 0.05 -0.01 -0.07
CH;CO,~ -0.11 0.05 0.97 0.02 0.08
HCO,” -0.17 0.04 0.97 -0.05 0.05
MSA -0.18 -0.17 -0.09 0.93 -0.08
Tot-SO4>~ 0.49 0.43 0.05 0.65 0.34
Nss-S0,2~ 0.23 0.44 0.06 0.73 0.39
NOs5~ 0.08 0.07 0.11 0.10 0.97
Number of data 60.0 60.0 60.0 60.0 60.0
Variance 4.21 2.28 1.97 1.85 1.30
Total variance explain (%) 35.1 19.0 16.4 15.5 10.8
Cumulative Percent (%) 35.1 54.1 70.5 86.0 96.8
*Factors loadings are computed by using Varimax rotation procedure
*Tot-SO,>~ and nss-SO,> are total and non-sea-salt concentrations of SO~
Th TR0 2 AJZHIWEO oF 31.9%5 AWale Wy 3 WFsEde ov de AAaArt SAsHA 7] wiel

I 4= NIV ESFH FHEE oMM EAY(CH;CO, )
FEAA(HCO, ) 28] 3L MSASH SO & txH T W
39] opA|EAFA S} —“IE&%‘E’_ Wl = FHeE VT
A EAsRE f714F & e =2 G

E850) oa) W= Fd R ]E}/\(alkane alkene)®] &
slebA] el E Bl FrdEle ASE Ui th(Legrand
et al. 2004). ¥ 3] i AT F AE F AR Alole]
e e o v e °l T o] 7193 KA EIT FARE
S AASE B Sha] AR H}Q} ﬂOl MSAE £4

3}
1
JX
AAE

g @
DMS7} th7] & 4kt H8& %6]] 1\:'} xgx%g: /wﬂ

A YA ESETS A ehe ZEAIR o] §EH= ditol
o} wEbA] W 33 4= =S A de
S oF 4= 9t} A09A wALle] Qe YA SO, 2
T 7198 S Foo2E, s FYEDT 121 HIEE
Oi A% 917] W&ol (Preunkert et al. 2008), MSAS}
F S04 |3 WIS SO Abel o] Ee ek
T3l AR Q) EAjske 33lgtEe] 8 7o) 3
AeEgdwolghe AMde A8l it ¢ =252l
5} ]°J o2 dHA A= MSAY f714ke] M2 o
HEZ gl Ae /\ijtﬂg_]oﬂ %;(Hfg].k‘: o] A B
=) *§*é717<4—8— AEARE FYAREE O E T U
AN FAEte 2 WS 5E HlEske NOs = HE

_‘

Flﬂl offt o2 tH

i

rulo i

mEé}l& AEET 7193 &
4 ATHK(Table 3).

>0

AeF1R ZFA)9 AF EA

7Y AR NI TE 52 2ols dxHo
2 S RZTH O Aot x| wpet WA Sk (Kreutz
and Mayewski 1999). Table 204 XH, & H°ﬂ7] 9 ZTEA]
2 HEEe Na'® C1Ie] A9 Fstes AR
A YWHSZE A4S TR gashke %ﬂi 1011 3
o} =, AtellM 7S 717k I ER 9 (Lambert Glacier)
73] Na'# el Hase WSR2 E=4 (South
Pole)?] A BT} 717} oF 1681} 108 =] et} =
g2i9e] Na's} CIre] Hiske ol#e A|2l4 i
of mE FZHAQ %E%ﬂ—u 7é5h+ zH dA)skar Q. v
WHol CI'3} Na* Alole] A AA N E e Aokx Az}
H] == Zfo| 7t A= E} AFA AT 72 AMA
o] Aol e CIe Y dolzE:2A &
Y=, lFo 2 EIY] AT e A7t ST8EA sl
Folojm2Zo] FAe ol s A LA sl= s F e &3t
4 (e]l, HoSO4+ 2NaCl = Na,SO, + 2HCl)3} 3Ha+eHsol)
A 7198 7k HCIE) 719 =7t Sk Zlog o
A Ath(Delmas 1992). 3| F ©]€]¢] F7HAQ1 CIe] ¥+
oH= Na'Zhe] APAAE Tl AT 5 k. 25~

1:11:1
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ok
(o,
lo
\
O
i
=2
uo"

H CI'z Nate] AdaA 2o zh= wj
T =2 A2 741—?(/ 0.99y= CI'9] F2 719d¢] s19Y
S AASARE ThE A3} vl wEl] FiHoR w2

yAd e F7HEQ el 714 4 == A8t
(Table 2). 282 e AAT 5% F ek a9

Hapgel] o7k Crref gl Xﬂﬁp‘—q.‘?_ AR Aol $1%]
0}71 wj2ol] o]9} - Az A olA F 400 km

ol4 AT B f20) Baptel
shagEol A 72 WEE HClY Qe we Ao
AlmE,

teo 2 AdHE S A, 28 7oA
71 =20 e FE AL-Fddd A, &
o L

7H&A ol HARl AEHES HoliL ,\}1‘3]'. ol @=
A ] B B oS AFolA dukE o By
= &3 2 A (Curran et al. 1998; Kreutz et al.
1999; Hera et al. 2004; Li et al. 2014; Waller et al.
2008). AR A ] Aol e siFE71E ZFA ] A
MEL 27 T /A9 Fe 718 olslel 2AE A

(Sea Ice, Extent, SIE)e] W3}e} UHslA A= o] Aok
(Wolff et al. 2006, 2010). thA ¥ | ALEA| A1 =1

-2 15 (Filchner-Ronne Ice Shelf)z} ¢1=%F 4o Aot
Ao S Z&(Law Dome) A9 F=2 el 4<f #A
H 3 WA 7)2to] G719 ZEAe] AEHsl] FS
FE ALZ BIEHI JY(Minikin et al. 1994; Curran
et al. 1998). &= TF2 Q=oF ¥l F2HZhongshan) 7]
A A3} G F Al Abo] EE(Siple Dome) A< <]
A= = WA 71%fo] AR o E & kS F= Ao
2 BuE v} dui(Kreutz et al. 1999; Li et al. 2014).
ARG A7 ZEAS ATl S T
= T8 71AE Rl st 971 ZEAIE tE
She Na'e| F2F=E9t 29 Lola 27174
oA FHE 7IFEEAE W 228 7 SR AR
o] JAAAE AESIATHFig. 3). Na'3 ¥4 12]3L &
Watre] Hoigko] yehte A7l vid A2 E H
oA Z AdXAA T Nate] A 7+8 H3) =49 T4 9
SR 0] W3t A b= o7 Tt A gke] dEE S

S

Jp=
‘__v—'_l—

O

WAl s oA el FHe st FMA FAEe F, 5 R AR AUk 20094 AsFE vid
U] (sea spray)°] ¥ Agoltt. F A= AE&d 28Y dadhe A Bole e Na'e] s== of
o s el ol e = Wek(frost flowery’t A&He] 7 F7lsle AFE e 3l UH AT dew
e Ak el s oA, Wste] 4R =T FE B0 S0leE ‘*E%(SE)OI FAgE Zlo=w g
=7] o] ASE sid71Y Z2A1] sl Zld = Eey Tl He e JJr“LEW STt =
2th(Rankin et al. 2000). W2}A] G719 Z2A)9] B 2H9) A 97 ZEAY] Erdsls 7S
Wsh= AR 71 EES TF ) B il B SR Wske} 4ds] daE] e AR yE
Wind Speed (m/s) Na* (ug L)
0 20 40 60 0 150 300 450

2012-01 0

2011-11

2011-09
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'€ 2011-03 I 3
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2010-01 120
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Fig. 3. Vertical profiles of daily Sea Ice Extent (a), wind speed (b) and wind direction (c) obtained from National
Snow & Ice Data Center (NSIDC) and Italian Lola AWS and of Na* (d) and F~ (e) in Styx snow pit samples.
Gray lines and dotted bold lines in Figure (b) and (c) indicate daily average and monthly running average,

respectively
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U et 3 5
9] A2 47k 408 A2 AR AE 54, 9
=9 A99) deh 9l AWEYUY A3 99719
) AR FERe) YRR Ao ool A

A7} EABRE A0 E AFEJA R A7|7ke] AFox =
T IFe F= e AoE WEF vl QIth(Li et al.
2014).
A7 ZEA Y] At JFF 2

e 8112 s o=m E8 4Rl /WslTE
(polynya)«l Aot AFAHE A FEO

2 EAste =gold27] olel2 ¥ (Drygalski Ice
Tongue)®] 7| & }el o]t AR A3} =afo]dX
7] oto]x H Alololle= mid ALH| F714 02 Wt
FAETH(Stenni et al. 2000). Wb ALl WA &
A= o) 959 QokrRT= W59 7o) <1AE3) A
Wallr7h 2 AFAGAM SIS HEFH AgE ] &
gaidoz FY doj2ES o a&dor yFY
At AzH oz ~Exug 3G ZEA A%
ZAshk= 334 AAE WAl e fsiAe
Ho} A717ke] 715 tigk A7t B /SR AL-EE
of HAizks Uell= 971 ZEAI9] F713Q] 5=
Hshe Walzole] AuEE ZEAIERA E8E T US
Ao 7|thet.

|

o l-ﬂ

M 2 A1 =89 A BA

g2l Qlo] st 9 SV ZEAE F9 Ca'e
2 daEEH, F A& ddsEe 247 129 pg L,
119 pg L' 02 e th(Table 1). F = 3240l

dsh 2 Hell U]‘%k—i el 7] wEol R
M%]’%ﬁr e g5 AFE A9 0} w5 Aol A
v wsk el 25 7F A9 ‘315 A7 o] t}(Herron, 1982;
Wagon et al. 1999). whebA] &2 AtellA] A3 Fof &
EARE 2 Y EoRIE X8 A ghrEe] 9l
€ FY MAsE 58 AXshes 2A=2A F=FolA Al
SHAQ o] ATEAS dAFstet 7xAsEA &
|2 F A& Aotk F w59 A S Aund,
N7 ZEAINRE 5518 AdEdo] AS5EA] FaL
tialel] 3 o5l 7HEAR 5 9AE HolA Ut}
(Fig. 2). &= 349 2 shtd-EellA #ad 7
AF R EE EAtollA 7]%0}57— ATk, 71A7Fe] BAF
oM BEHY] e A

ol o
ul

;

—Lz
T

2 7P g ﬂ* = A
T 548 7L oy sikgsolA] EA WEE st
At th7) = A zFaR|o) 7)AA Balo] wEA] E21E o]

Ao g EAE ALo= A S Bz oy
o2 HEE F 9e A= d#A SUth(de Angelis and
Legrand 1994). Fig. 258 RH, F §x2] 7+ 39l d =7}

Uehbe 24 ZoME $4719 TS0 Ca'el Fx

= Sk Ak olZe S At vehke 34
A BHE F7} 2 AR HARRS 159E A
A3t k. A FHREAS S o} Ct f
A 59 ARE 7T ke Zlo] BRI bl Yok 2
23l A7A NN $-AIFE FEF(SE)] oll2H & sHito)
AT FEeAM Eo s EF(S)eE W= A7l F-
o] 7} F7)she ko] #EE Y Ath(Fig. 3). 2E3
o= AT BHEe 712 Telle A AAQ vt
B shibgke] gidlens AA|Y 129 dEu s 3t

ABFON BEE Bito] fA8 HUARE AL 9
£ AR AT A7A99) P AT S
L 2 YE Ao FoEr) weh &F 2

oNx A Fg ‘:‘J%‘}iOMW F o] A7 s=HstE 4
b JFEo] FAgE sl oy s ke Sk
of tigk A7) 7155 HAT T dS AR J|hdr
Ca?"e] 79 AMRA G} UFA|Y Aol & F=HA}
7} =, Lﬂu:i—]]@_'ﬂ o] B8 2= (Talos Dome)Z} &
A Ao H}; 2gA oA Ca*'e] k= 3u) o
A=A L‘rﬂ-‘;bﬂ-(Table 2). F=9] A gREo] =
Ca?*e] F 71A] 2 7192 &l o2& $2471 A
AHAZA Ca®'e] TEEEE 7| 9AZHEHS A, o)
7] HF 742 2] geFsk XAl 81l fste] &
HE S ok gubgoz A HoM = dHe] PS>
A ol £ T o R EAE, WEAger &
T5 9 oo2Ee] 7o gagith v Y52
2 455 A7ER] 7199 Ca*fol ZIIsIAIN P=o
FlElE AR 9] o] F3] Ho] Ca¥'e FEE UF
oA Tadte ATFS HAtKKreutz and Mayewski
1999). A& 2127} H]5z8E AR/MAY Alo]of A = 2] 4]
QA Bz Wt Ca¥'e] AFEA ] tEA Yepd &
Aok, 2, 2=k Aol dAkx|de] Y& 2ol(Syowa) 7]
A, M Ao 5 Fofuto]of(Neumayer) 714, B
HY A9 2F A9 Ca¥ FEe F2 dde 44
ol ) 2-sH, dld o]e]e Ca¥'e tiFE 9= F
W FollA 7119 R ZHA7F FAY 5 Foke]
YEl= Ao Z HIE I Itk (Curran et al. 1998; Hera et
al. 2004; Weller et al. 2008). WFHo] &= T}2 Qlx=9F Y
o] AHER Y= sF FH =EXHORTE
gHo 7 Js v A0 2 YEPFTHLI et al. 2014).
B AFR| e s Ca?t Tl tjF-Eo] vjsigy 719

(75% ooz e AMAGH= vE2A s drr=

TE S714 AR o5l F% o] 2= A
= 302 IRIFAL §4719 Ca*'e 71hA & vEl g
A K*JJr Ca®"?] H](nss-K*/nss-Ca?")Z o]-&&}e] 71ehalA ]

SF B 59

Atk th7 iAol tiek A A7) e
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= 0.47-0.60 M/M)EA SE 2R ZHAol A ALkE
HEE 044 M/M)eIth, o= AFA G| 2ol Ty

o] = S471Y Catfol T tiFlA 7]1ds X7
A7y AAE F5E T8l AU B A F
Wl =EAHORRY JIEAS 7HsA S A ST
(Witherow et al. 2008). wehA] 2~E 2~ e] 7o Sh
H Ca?'e] TEEXE sdrths A4 71he] <8
2AEH, AFAS FHol §A FEs8taL e A= (dry
valley), =3 ©4FA] (Transantarctic chain), ol 218]2> 3}
Ah EPE & =EAIHY FEFE Bol WAL e AoE
249},

I, O wwe) AR Fowmsl v R
FRg AL EE S HolA| AN F&E Ag-mHd &
T 937 YehaL Qtk(Fig. 2). E52] ohE A olA
HE 7P| EoE Ca?te] e ity o F3g
AT S HolA| dom A FEREEE A 93
2ol 7k Atk & W HHYG A9 AlolEFolM=
Ca*'e] F31g AU B2 R ¢kok o (Kreutz et
al. 1999), thA Y AIA AR =olmfo]o] 7] 2] &} QIEGF
A 2EH AHE Y A A= Fle = &
AR A7 gl Adwste} fAakg Aol veRt
TH(Curran et al. 1998; Li et al. 2014; Weller et al. 2008).
W 5o A5l F548F0](circumpolar
vortex)7} Sk A WA 9] thF 02N E A 5H=
S3719 AR o] fd#e] STteh] wEol 53
A Ca¥e] TE7F F7hes 7 dFo] 9l TH(Withlow
et al. 1992). & AFA A} g} A oA 2] AHWFA H|

M ooE Ao

)

d-excess (%o)
20 -8 4 16

Y ETY ZEXQ] AF A
NG ELFAA 71hsle o292 HA o]2WE
o] oF 31.9%% AW3lal ATH(Table 3). T E7L =
EAE Tl HlE9A SO = oA AHEt ube} 7o)
I EL TS £ sRIGF02ZHEE 70T 5 7]
u Fol] o7 I ESFN AT 719 5= MSA}H
G EL S EAA 71dsk= f714kel] tisiAl v 4

HE7]Z2 S}

712 53] $HtE = MSAS & MSA7| Hi 5+
GO ZTE A7t HojdFE 7HAstE R W= A
A o2 AX WHOE UFH
S Hol|3 ATH(Table 2). 3HAF T30l
Ae UEA YYo= 738l JUHo 2 =2 MSA &
=7t A=, ol TALEAA wjEE MSAZH UlF
A ASE S8l WE 2902 FYEL o i
A wgo] ARG vls| F3] Wolr] MSA w9 g
A1 2 7H(dilution effect)’t 7] wljZo|th(Table 2) (Dibb
and Whitlow 1996). MSAE= | YA EE59] &Y 719S
7HA AL 432, MSAS] WEET S5 s rRet &
W7215%] 4=(Southern Oscillation Index, SOI) 5ol 2]l
ZA5]7] wol A v FRe] 7] 2 dgsd |
3lo] th3k 712S BYse Z2A2A FEHo] gt

CH,CO; (ug L")
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Fig. 4. Vertical profiles of %0 (a), d-excess (b), MSA (c), CH,CO,™ (d) and HCO,™ (e) in Styx snow pit samples
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(Curran et al. 2003; Becagli et al. 2009). 3}X]7F MSAE
73 HA o]F BE34e SHZF wekzhgo] o8| thaE o
A F WM 7 olFsle AE 5AHS T UL
™ (Pasteur and Mulvaney 1999), 352 w@hz-g-& 734
Fo] WETE fashs AES Holal AUth(Weller et al.
2004). 2829 7140 MSAY] FASEEXEES BHH,
2011720123 201020114 2] A5 74 Fofl sidsl= 0-
5cem®} 55-65 cm T7HA AFHE sFY s ST
o} Ao} MSAS] T=vt FsleH F7lkele A

T
2
o
:?g
<
w2
>
1o,
)
(2%
(g
off
o,
S
L
tz
(i
i
2
pa)
_‘r_L
K

(=R

TETh SEAIRE 200920109 9] A-F-oll MSA F= A%
AE 73 FollA A= B XA YERAL A th(Fig.
2, 4). o]¢} 7+ MSA F5°] 77 olEg B 1§
QF MSA®] $E A wehahg-o] AR sfjAl = o] gh7]
ol 2gane] M E diF TEZ] wekakgo] W
Ast Aoz XE % UTH(Pasteur and Mulvaney
1999; Weller et al. 2004). T84 wgHz-8-0] 75 32l

3
d 5493k (d-excess) T MSA 59| FAEEE H]
w3l BT AT YpS T4 B A
Aol o] AHAA A (d=8D - 8 x 380y vl z A
27 ZEA| ZA|(Dansgaard 1964), A& T2 & EA}
(HDO, H,'80 5 )7 zh= kA (diffusivity)2] 2Fo] 2 of
7%= ¥4y FH 31 (non-equilibrium fractionation)2
Hrg sk wolth. i dwS 57171 Ed sk sl
A9 552 AdEE 9 55719 olFHgol ol
ZAEBRRE F7] M e 757] dhAY] T8 54
< WHgete ZSAEAM ST wS et 3
(Ciais et al. 1995; Delmotte et al. 2000). Fig. 4(b)ollA] X
W, T5adYihe A —16%1M Al 13%02] Alelol
A Wslal o, Ao T3S §'%02] Huigte]
Yehhs 53 A 33 o UM B e 7REEC
UERFAL QU o]RE ARG o R FHEE 75719
T8 A7 A7 mEt etttk AE AA ST &
g2 7oA MSA Fxe Hulgke 5'%0 Frol
el A5 EThE Fraddite] S7keke @AM
ERL QITHFig. 4). 9= A Joll oS4l ¥+
 T7le FE FH Aol st Jlow, AEHE
o= AiF o= A7t A ofdUiAGolA FFE7] W
ol (Delmotte et al. 2000), TT2HYko] S7teke &
Al MSAS] Hd} FE=7F Yehte A2 A7A e 5
H s R = A oRE Azt ¥ ajHelA 7]dg
MSA7} S8 AR08 AT afa e = ot w
2} MSAQl Huigko]l o152 §'%0 Huipta YA sk
ge A FEA wabzkgo] o8 MSA7F A F Wl

Al 72 olEe At ot MSAZE 2 HiEE = @l
Qo] 7|17t AFAYG o R FYEHE A7 BHE A
o] U= Aoz Algd), Aoz AFA Y] A F
o /] MSAQ] AWM/l & BAE AL gRlstozsy
g gAY AFT WstaojdA] F7|7ke]
MSA 7155 Eg3thH /483 7| 55H42 AHE g5
& 4 S A= g

HpR| RO 2 ol M| EAN I X EANA S AF EAS A
B F AR 2T 2009201042 =24 744 =2 110-
130 cm ZlolollA HUl= F7Fetal Ath(Fig. 4). ¥IS o
£ g A JolME TR st SV A
Holz] eEXYE 2009/20103 9] H53 7oA H %=

=
3zt yehe Ae o859 9 Ao H45HE /7]
2] g o] T Sl ollA o] AEEES FEl FYE
the 7|59 A4 3ket dAIstal 9dtk(de Angelis et al.
2012). sHA R FL e sl =719 {714} MSAE
HAY FEE Hole= AZI7F gE2A YERta Qi S,
20092010 o532 o] -9 oA AW g2 MSAE &
Fadgro] F7rshe Tl FHigko] vl whd
o olNEAG I ZEAFL 5180 Frol Aol T4Aa
FFgke] HARl A FollA A FEE Kol 3

(Fig. 4). ol&gk A|714 Afole] Al F 7= 43|
B otk Al §714k MSAE Akl AE F9
ztolef] of3)] sld Aol 71dhshe slee] e 9ol
ok 7 A Hdigko] Yehvs A 24 S
o] g2 e AL Zhzhe] Aol 719st slg e $74
270 g2t AE AR A uet -3
sk AE T Zolofl 710e A5 7Fs8E A &
itk EA 2 f71R sl =71 9ol F-AE tS
oAl mfe]Quj g SIATS AL T QHEEOLY
EST AE oA Aoz WEEV|E SRR A
g o]5st tIF 71e] frlite] drH o R ARG
FY== A9olth(de Angelis et al. 2012). 714 F%
o] F717F 20092010 A 5EH Zd FolAv AEE =
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FAAAE HolA BARE Ag-FH Hul,
o A9l FERES zh= T3 A LS
W19 ZEAQ FE 7Rl ot g os Ay
A2 FYE L 3lon, FHe| mEA A 7|3t
Azpzel] F2E AR Fol FEE 3 s A

o FQHt ole @ AF SA0 e 9 5] B

spakel oleiu2 spkEEe] 718 EhE Fol =

W27k 4 F Ul v Ao R mEHe STk
ITE

o] gRIEA A FYE7T AZ HEEE MSA
= Agolv 7HS A FolA Fslo] Skste S
wol3 9}, AT §1800] XA S A HRTE £
7] &Y s o] HskE AAshe i rkel F71st
= @ACA MSAS] Hhs =7t YERdtt o] AL ¥
sFET= 1 A9 gl 71dgk MSA7E AF+AY
o2 FYHL Aok AL wrgsitt s, o] s
FAEOA 7]he Ao FFE = o EAAZ 234
o] T A ZoA HYE Bt} s =
FaAAzTe] BAZS A EE MSASHE THE &9 &
= e AE TolA 71daAY T tiFellA 71dg
714k dA1A Q1

A
N

QgL WE Row FHH.

B AT BA% gl 584 ol 2R 7
AU /1SS Fo FRD ADIFHE Holk ol
HEES HsIon], ol d AWUFYL 2 ol
HEES FF 2E2YANA AFT Wataole] AnE
=437 9% TEA A B89 F Aok TF 242}
ole gl TRl AvAele] tke 844 9l
ske] A e yskaolel A Belse 3717k 7158
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