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Substrate Selection and Burying Behaviour of Sand-dwelling Endangered Freshwater Fish, Gobiobotia
naktongensis. Keun-Sik Kim (0000-0002-2081-2589), Moon-Seong Heo (0000-0002-8782-0786), Jin Kim (0000-0002-
7981-2444), Chang-Deuk Park (0000-0002-7832-2806) and Ju-Duk Yoon* (0000-0003-1667-327X) (Research Center for
Endangered Species, National Institute of Ecology, Yeongyang 36531, Republic of Korea)

Abstract

To determine the cause of the population decline in Gobiobotia naktongensis, substrate preference

and burying behaviour were investigated in this study. In general, the species was shown to prefer a substrate
size of 1 mm or less, depending on the flow. In addition, the burying depth varied according to the size of
the fish and increased with a decrease in water temperature. Our findings showed that the main cause of
the population reduction was the physical changes in the substrate structure due to the dams or barrages
construction. Notably, the accumulation of silt and mud in the substrate upon the formation of an upstream
lentic water region for structural construction and bed armouring caused by scouring and reduced downstream
inflow of fine sediment were deterministic in the fish habitat changes, causing problems in burying. As sand
substrate structure is critical for the survival and inhabitation of psammophilous species, efficient strategies
should be developed with proper habitat management to reduce the anthropogenic damage

Key words: substrate composition, conservation, restoration, in-stream structure, sediment, burying depth, water
flow, habitat selection, predator avoidance, psammophily
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AE, A, A% 55 A% A4A7E Bast
o, o 93t HAAL S, 54 44 5 Rt ge2
ZA3tct (Mattews, 1998; Thompson and Larsen, 2004). A
AR AdEn Y5 e AEL A7 9 vx
T} (Poff et al., 1997; Valeix et al., 2009). T3t AEALS] &
AL nAx]R|et DA T o] Jct(Prior and Weather-
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head, 1996). ol fF= E0lgh= S8
SHAA 2 ¢tol HIU & & £ 2 3
sto] s, Z1of BHA| *EEH&I o2 713}stiTh(Zuanon et
al., 2006). AT A 212 30| A} AR &7] mE
o B7e] wisjol wek A7) Melo] A4H o Hake 5
A& H It} (Stamps, 1983; Valeix et al., 2009; McElory et
al., 2018). WA, Z F50] &7 w2t AA), &, ojwgt
AARE AEst=A]o] tste] olgfsl= Zo] HEFS &
2] 9 BAsl= o QlojA] $a% JES gt

233 A= (psammophily) B3Pl 445t A 5t
ol Atk EA4S 7 AES gt Rty oe=s
e ZAE o, Yol FAY ofyA] HEZ 98] &2

Q‘:—
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2 52 sh= Aoz UdHA Qlth(Daniels, 1989; Gibson
and Robb, 2000; Stoner and Ottmar, 2003; Zuanon et al.,
2006). Ef o] FYsh= ol duAQl P 22
Aol 2 & 222 £8E AME EIth(Zuanon er al.,
2006). A AlAH ez mfFlste Ao RS A= F
2 JopEe gAte e FUsHs ool Fe U BE B4,
%] (Syms and Jones, 2004; Morioka, 2005; Gidmark et al.,
2011; McKee et al., 2016)°] T3t A7} 2 £ =)
£3], g<eoll et 2 F5S 2ol Foll gt &
= =EA 351 91.2™ (Zuanon et al., 2006), THAFE
= AgtA ot} (e.g. Ammocrypta pellucida, Daniels, 1989;
Drake et al., 2008; O’Brien and Facey, 2008; Thompson et
al.,2017).

St 1752 3ulR} (Gobiobotia naktongensis)= 3
o7t mHFA ok R gl S5 4% FholRe
(Kim et al., 2005), A9 42 2 ol o] S4E vhehi
o 95 2R AR, 274, 937, el #3251 (Jeon
and Son, 1983; Chae, 2004) f40] tha 2|31 7}= H7]
o] mespol AARITHKim et al., 2005). oFY/4d .2 o
Hol|&5S st Woll= 2| &of So7t = §4L 7HA

Ut} Yol ¥ HsHte] F2 AAshs eARTE F
o] &3t} (Ko et al., 2013). A&H 02 FfAto] 143}
SRR BEH7] oMYV E o= Asto] Hos)
et
Hafof FUsk= Solet Feo= U3f FEo 05| 3
o= EF5taL Aol Eoj=s Asnpate] it A
L 71272l AE] (Uchida, 1939; Chae, 2004; Kim et al.,
2014; Won, 2017), £3 (Jeon and Son, 1983; Seo et al.,
2009), 54 A+ (Ko et al., 2013), FAZF A (Yoo, 2016)
ol olFolF o ol thet wpoke o] Fox|x] ¢k
< Adolth ApuiRls Y3 §457 Aol T s
P70l wet 28 F7F A sHETERTE i S8
3t A3k R 91 (limit factor) 22 ZHE3l= Aog daA o
W(Kim et al., 2014), @A7HA] = Snials 233 A<
ez mefjQiat 7] BAof gk ARt o] FoFaL, A
A7) A 9 olg3t PelE ATE SuE upt g A
olct. Wt 2 ATE me SHALe AAAZ BESH 8
41 Ao gepsiets Sade] BE Bl
7] AEte sjopsta, AR B o] 82 sletsl] $stol
S 29 Zol2 Bskh B ol Bmhae A
B8 AE S U2 20 sekstel, BTy 4
= Uetll= 89399715 daeniatbe] BAS 3 444
2 AR BEdERs Brlekioh Bek okt s AaE

R 2 kK

- 1o

| « HFX}

il

=
na

An
Ho

EGE ol M4 Qe R ofFe] B4 3 e
off thet M= Al AsHAT

ER TR

1. 0|7 =4

HESVIOPIAE 17 BuiAe) AT UEAedn
Aoz d7ke we 5 +AHUTHEIHIE 2010-
19%). geupte] 232 S 2o 421291 F7 ddiell
A 20199 6¥ E(FE 4 x4mm)E o83 E3}3Tt
EZ838 MAlEL dA oA Oxytetracycline (Samu median,
KOREA)E 100 ppm EE& 1A7F 59 ¢k A E 3t o]
T, 60L Boa Fo S8 AL A% 27183
A3] (Intermax, KOREA)Z 7|2 Z3se gxojy|zx
YA 2 xstginh.ol$E WA= 200 L PVC =29 =
2 25°CE SAT ST, HolB R WERTRE
(Hikari, JAPAN)®} 2 7FALZ (EP1, Otohime, Japan)E 35
st RE a7t IR FEATRY AU 5
Q18 ol =Y h (5 2AHSE NIEIACUC-2020-009).

S AR AR $gh majdzo] AL ofy F<eut
A7) BEolEl= AT E 7|2 O 2 (Seo et al., 2009), 471

9] 3712 F£(0.50 mm H|FF, 0.50 mm ©]4 1.00 mm 7]
ok 1.00 mm ©]4} 2.00 mm "]5E 2.00 mm ©]Ah)ate] &4
SFTh(Wentworth, 1922). A& 913t sH2 3714 95
(2mm, 1 mm, 0.5 mm)2] YE=EAE test sieve (ChungGye,
Korea)E o|-&3lo] &SI TE AE4= (Iength 100 cm,
width 45 cm, height 40 cm)o|A] S} 2o W& LEL 9]
3|4 Z2+2 ¥ container (Iength 24 cm, width 45 cm, height
10cm)E AZtste] 7+ spdarz|de FastaL, sHdar|E
A A 2 27K AU st $3el The 5
A AeA ghob ¢8| 16L min™', 32L min”' F 7<) A
78 2usiAc 22 ) 388 48] Ao 22 &
% Bof IR0t $BHE ARsIROn, FURE 42 Y]
Adez Fdst 555 FAISH] $3f 45cme PVC 1t
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k. sPdTEE A2 A7) 3Mo] EEOR AT AFRE
WA A8l FAREE SsHdelA A2t r|z Al
gapgon, 28 25°C2 RSk ABE 9Ag) 2 4
ZHZ 39X o)A} AAl Bl5=nr} 67114 (standard length
42~48 mm)E FAsto] 2947 M3} o]F 2 HAS
Yorieh 2 A3=s w24 1149 Flstgon,
T A7 2047 AT AAAA S AT 9
o] FF2 Y422 (Hikari, JAPAN)S} J7HALR (EPI,
Otohime, Japan)& 2.3 5A]o d¥F o2 FFact

o] AHS fsiA &&= Al
2 SRk 2 Ago] A8E A
= 1/20 mm dial caliper (Mitutoyo Corp, JAPAN)=
0.1 mm?/}X] 2% o2 AR Hl= B AT 3 (Ricker,
1971; Kim et al. 2014)E Z1sle] AZL AE3sH9c) 34
A (A7 42 mm o)) 2704 (A% 43 mm, 42 mm)2} 1d4
(A 25~30 mm) 2704 (A 25 mm, 26 mm)E ©]-&-3f 4
S APt 200 L & (length 100 cm, width 45 cm,
height 40 cm)®]| 1 mm ©]3}] 27|& 7}A 2FE 30cm %
2 o}3™ 42X (length 100 cm X height 80 cm X width 2 cm)
£ 93, o}2Y 420 £ $012 % 15 cm7h HES §7)
shelch. A9 S8 A7 Sk ARSI Aot
A7k AAT QI A $E ARE BRI A
(http://water.nier.go.kr) | A EH 3} &8I}, 22
30°CHE Aketel 10°C7HA ol 1o Sk )
2ol 2ot 2 7ol 2R oA Al
AR B4 ) A A7 24 1148 VlEes
st o, FF7)E F3F 06:00~18:00, o7 18:00~06:002
ARttt 2ol U QA Q] Zlo] e ASHE &2

U8 02 Fof At AT/ AT Holt Fg el
sfgon, we TAAH AL ol AHAAL LolS
2719,

3. Al2 2

1 e e e 2 2, h=1
ez B, 54 1%44%

Azl thet 7]z B4 3 Al Levene’s test—%— =357 &
o) HlmsRAS oSSkt Sl T s Aol
+ Mann-Whitney U testE E3f x}o|& &Ittt 4
upzp AAE 2Ry Zol ARE EUE AF regression
4S5t Hde Zlstdlen, g Az &4
SigmaPlot 10.0 (Systat Software Inc, California, US)
S Sgalg Beoiae AW (1WA, 394, LEd
(10~15, 15~20, 20~25, 25~30°C) ZfZ¢ Zlo] vHjn=
Kruskal-Wallis testS ©|-23lgch & =50 &85 RE &
A EA-2 SPSS (PASW statistics 18, Chicago, US)E o] 83}
Sict.

rlo

1. e MedM

Bpnpxt Bejdxt A9 H7F A3t w3 r)E AA &
& A ¥RL, 9 16 L min! AP AL B3]
HZ 0.5 mm °|3} 35.8%, 0.5~1 mm= 34.2%, 1~2 mm=
17.5%, >2mmE 9.2% Ags= AL I} vt

&0l & uj2l 32 L min~' AFZIIAE 0.5 mmoAE
28.3%, 0.5~1 mm= 20.8%, 1~2 mm 35.8%, >2.00 mm
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Fig. 1. Selection of substrate sizes by G. naktongensis with two different discharges. (A) is average number of individuals and (B) is occur-

rence frequency (%) identified by substrate sizes. The black color indicates discharge 16 L min

-1 1

, and white color indicate 32 L min .
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Fig. 2. Relationship between temperature and burying depth of G. naktongensis by SL (A: 43 mm, B: 42 mm, C: 26 mm, D: 25 mm). Bury-

ing depth is gradually increased with decrease of water temperature.

= 142%=2 9EtA= o] ERI=ESGt. B4Ed WA=
16 L min™" A4 E 0.5 mm ©|3} 2.25, 0.5~1 mm=
2.15, 1~2mmE 1.05, >2mm+ 0.55%2, 32 L min'oj|A]
+ 0.5mm 1.7, 0.5~1 mm 1.25, 1~2 mm 2.15, >2.00 mm
0.85%t} (Fig. 1A). 3ol wabA 718 22 27](<0.5
mm)¢t 7F 2 37] (>2mm)e) B3 7] A A v
85 W3y} ¢l oLk (Mann-Whitney U Test, p>0.05)
7+ 2719 YAH0.5~1 mm, 1~2 mm) A& A4 v 2}
o]7} ¥kl (Mann-Whitney U Test, 1~2 mm, p=0.015; 2~4
mm, p=0.002)5t] =] wt delido] 2o]7} Eel=|
o fd 2] AY RlzoAs F 249 fFlA
<0.5mm 2& ] AMelo] 7} =9roL), thE mag7] A
Bz ol wat o)z} et (Fig. 1B). 16L m™'o

A= 1 mm o|ste] mafjof thgt A W=7} wobg o, 32
Lm & [~2mm Z&7} 7F =2 Aoz FiEQr)
2. 3l #5
of7he

A5mhAie 420 olds s mHE Zo| BuE
HH-S H 0 (Fig. 2), °=0] 15°Co|A] EFo)4 25 mm
71 7V 2 sk Aoz sissich. A vl
HE BE AL fe0] wotAwA mefe] Zol Felshs

Table 1. Mean (* standard deviation) burying depth of Gobiobotia
naktongensis by age and water temperature. Minimum and Maximum
burying depth is indicated in the parenthesis.

Temperature Depth (mm)
O Age 1 Age3
30~26 6.15+0.34 (6~7) 5.00%+0.78 (4~7)
25~21 8.17+£2.04(6~11) 8.33+3.08(5~13)
20~16 10.17+2.04 (8~14) 17.17+3.06 (13~21)
15~10 13.58+1.38 (11~15) 20.92+2.78 (17~25)

Zio] RIF T 53], 20°C oJst= RobAHA FY o]
7F AR eH, 2717k 2 7iAlEe] § o] shargoirte A
S 2 YETh 26~30°CE & 204 134 duiat
of Bt Y dol= 6.15+£0.34 mm, 394 YpupRio]
B 2R ol 5.00+0.78 mmGAth. 21~25°CY] =&
ZZ004 1348 (8.17+2.04 mm)3}t 3134 (8.33 £3.08 mm)
o] Bt By Hole AFER Aol7t gle Aoz &
ST} W =& 20°C 0|5t Wobx| A o7} EAYsHR]

a1, 3dA0] 1dA8ef Hlsf Zlo] Fdshe A= A1
(Table 1). TAZLEE 21°C o3 =oM< 338 1
A7 BAZCE FAFE AolE HolA] gghent, 20°C ©]



E10fR ey Medmt BY 3

3ke] 2NN = AHE TAFLE [F2g o7} ERE
%1 th(Kruskal-wallis test, p<0.001).

K
110

2 A ol Eld Sguiate] 2 A9 oo A
solsl Bsniate] ANEA ST SAR A0 Bl
At 2020900 2AHE = Seuixt S@A 9 (67 SH, 9
N A7 PR A AT (Yoon unpublished data), T
i SARA Y P27 1 mm ©]8ke] 2717} 90% o)
AA = A2 Yet o dF A HEof|A= 1~2mm, 2
mm o4} 2719 P RN E SuR7E EHlEH=E AL
2 I (Fig. 3), o= & A+ A} FYstqich
ARtE o 2 FLuixi= [ mm o|3ke] TR E 7 As
Sz Ao ARIEA0, o) Chae (2004)9] AT 2T}
T YA shAIRE 23 (JS2), F7(HR), 1] &7 (MHR) €
Fupab A4 2| Fol A 1~2 mme] 149 B]E0] EolA|=
A& elstde o, & A+ et FABHA 1~2mme] 3¢
A FR3 AAAZ BEHI Y= AR whErh E3L
2mm o9 sHde] AL YEbe AR (SMS)9
A& Suite] Adlo] ERlE o], Ao Es A FAT 2
mm O/3e] S MAARE &go] HL gl T 5
Ut} £ A 2ot @7 A 2HE B3, 0.25~1 mm9)
s AAAR ATstA|gh e mEk 1 mm o)4de] st
e AAAR S83HE RISt Eolfe gAEA
3H st s o] AME H7kR] WEs e 5
o] Q17| wiZel, SuiRte] 2 mm o]} 3ol TRt Al 41A
A2 A H] Aoz 2AHrt

2, 2 5 5P Y #iske "eolR AAA AY

ol rlo

100
. >2mm
= 1-2mm
3 0.5-1mm
[ 0.25-0.5mm
N <0.25mm

60 1

Rate (%)

40

20
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Fig. 3. Substrate composition of streams that G. naktongensis cur-
rently inhabit (NR: Nam River, GR: Geum River, JS: Ji Stream, HR:
Hwang River: MHR, Miho River, SMS: Sami Stream).
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o F&& ]2 t}(e.g. Poff and Allan, 1995; Reyjol et al.,
2001; Labonne et al., 2003; Kanno et al., 2012; Alexandre
et al, 2016). B3], 54 ) §rit 522 ojRe] Yol 5
o GFL vAE 7o B WA AUdo|5Y Suol o
ol 2 ¥ v kJonsson, 1991). 7]& AFtollA d4
Rl 4] ¥ 59 5F0] e oY 2 M
ASFITH(NIBR, 2019). & dtollA Spnirte 7o) 2
< oA 1 mm o]ste] R sHitE A B sk RHH
o] B2 oA I mmETH & 2ef sHS A=
< B3l ol ApniRte wjaxf A 2] o] & =
A= AoE I £ A2 ddHd 9 Y3 =2
SN FFE F iR E57] W2 AY 219 /5%
A T HiE Zol7} Ytk offe 150l S7FsHE A4A|
9] Aol & QABH= FYo| sl A og Hug vt ok
(Tyler and Clapp, 1995). 3}A|qt, Bl=nprto] A8 fafal B
WAl 2mm ©]4F9] sHt dEiido] W& A o2 Hot Q1A
9] Zhaot T glo] 2 Wisto] W sld=r] AdE/do]
g2 Ao 2 HoEt

B2 golREol ASE W 22 FE5| Sldl ¢
Sof Y3t (Cunjak, 1996; Shuter et al., 2012). E4=u}kA}
9] overwintering®] gt A= +=FH Fo| gIAW, ALH
ZAA L SRl BRA7]9F FUEE A HolA] 2 o]
Holl wet 55 9% ol5= FHsIA = G Aer wd
Hr} 20| QoA dF7](15°C olshe] dpuiate &
715t B Z& Ao 2 o]Fste AL I 4
fHog ger|He 28 He 72 A HOo 7 o]Fste] BF
B Zlo® Hol H5S f8) B £2=2 © o] o]Fs}
£ Ao gt 3 Zol=3dAY Aozt o A& A
o2 ZIFHET, ol dRHH O R off= 77 A-S
5 F958S HIET &5590] o7 fgos wdt
Ft}(Shiau et al., 2020). ZHZAA o157 Cepola rubescens
o] 79 Zolet Yu|E vt Ayt HMFo] S45 7Y 2
o7} 2715t Ao 2 R % v} 9)il(Atkinson and Pullin,
1996), A4iApe] A% FAAU 434 24 W I
WA 1A o)) Aot Bhe Ye AeE wek o
(Kim ef al., 2014), Z7]0] ©}2 $% Sejo| zjo|2 wete
.
S shae] Bashe ssniage] AR A BT 0 A
T oldof Hls) AzEHA kAL Q= Aol tH(NIBR,
2019). 3], suAy JFH oz AAstd Y7 2R
o A7 WA, A, 3 5 2dsher FA4E sk
oAl ZE Al Felo] o AAolth o]} Bt 9
I Hol Ao & FFE F= ALE wdtHrh Holuh B
£ P9 A 355 HPAH =N o EH o g




380 daa sy - Y

< "Rtk (Power et al., 1996; Poff and Hart, 2002; Clarke
et al., 2008). 3142 AE EAHL BefjFlFo] Baj A4
A2 gaEE 9 92 Fr}(e.g. Daniels, 1989; Tessler
et al., 2012; Thompson et al., 2017). $57F2 2010~2011
W 4t Ajoz Ba A4E sAe gane s %
&o| =g wet A&7} sHto] Aol BeEke] of
2l Slpmprte] Ao BAAQ a9ler Agstal Qlok
Fds AR, 2 EAS 712 Eastern sand darter
(Ammocrypta pellucida)y= A4A ] 1 mm ©]gte] o)At
E|ZZo] oA st W Aba et o AE, AW E
A2 A% AT Fart EelEa itk (Daniels, 1993;
Holm and Mandrak, 1996; Facey, 1998).

w3 Y Ae] A% ARl BAT GFe] GO o
22 ol Eolof s 7Rt sHFel olbol elwA, | 7
A o]dof Hg] 2 mm o] M} Hl&o] FOIAHA d}
2 SRV 2EstE 1 QItH(ME and Kwater, 2017).
Thompson et al. (2017)= 2 EAALE 717 34F9)
e olg sk Waleh AAA Aol dat Ak 2
3 AN Heby shae] Beld MRow Qg o
7o) Wsle B4l 22 BAES olRe 4E U ¥
Eol A7k AR R0le R 283 4 9 Ao Bekdr,

W3} Bo) AL 1A FS BAR BAX|T o]0
gt geo]l R 3|8 E ok (Bednarek, 2001; Gardner et al.,
2013; Watson et al., 2018 ). 571} SU5HA uix7}t
AASHL QU F72 47 Al e = ERof| 3719 b A
AE L, o]df WE A5 B2 W= Qlsf dgmir}
E3E7F FAHA FastTH(NIE, 2019). ©]% 20187 E
SAHoE BB AYSEA B4 A4kt BE Aol
B Z7hE w2} x&E)A = g1tk (Yoon unpublished
data). 20} 7| Z7]|ol= 2 A9 sHite] Ho] Fof
oA AR H7t = X of At Slpnpato] xjAo]
RIFHP U AF 7 o]F BFo] AA Wzt & A
AA7F S A Daniate] A2 7HsA o] Frksta
Ack. @A 79| M2 (GR2)= vt Asste
sHFeg SEHOH (Fig. 3), FF Y4 E NS
3 =9 353 sl /o] MStE, ST FUsHA S
npREe] A A% 7F SR eI o]of wet JjAlFo] dEE AL
2 olgdHt

=Uell AAlstar gle HfAES duiatet 3, 2
A, v 2FI Fol itk 2R dE e Wee 27
7b 22 Ggeol ol QlojA] wie- Fadt AE o g, 3
ZAR] o] s anpA o)tk AAZ ol A4skar
U= F8 8452 viA(Jang et al., 2006; Ko et al., 2008;
Kim et al., 2013; Jo et al., 2014, 2016; Park et al., 2019), &

| « HFX}

= T

il

=
na

An
Ho

7+ (Song et al., 2017), ZAX] (Byeon, 2017)2] Ho| A+
A3, w0157} IS SkarTh LB o2t B
L CEIENPEBRL SR
A, BebelA] mATE 2o BB 29le AAE dh
o 78 a0lo® ge % Ao WL,

BREASe Fo goUe 01, A4 2 B
49l s wato] G FE A0 BNt (e
O’Brien and Facey, 2008; Thompson et al., 2017). =2 o]}
ohE 8744 8ol tigt Gl ob2 B AIA] 7] W&
o A = flouh, dpupAte] Aee 2T A wgte
2 QI MR 8] g HeprL F8 891¢l Ao R ded.
weba Slpupate] B 8 B YA AR 8 =
gol 71 AlERE Ao = IHET, o|ek TlEo] Al 5
4 PR 93 B 9 5 o] syHoor & A
S 2 AtsEnh FA7HA Sl maof Mgk S5l o
T AT ANt o s REJ Aol ARt A7 2
IE B2 EHE AHAE Hopte v FEol diet &
T A APkl Eahe] of ol diet AukA el Bl A
e ST 0S5 aeFd o= dddn

q 2

BEEY ofFt e sl FYstel Aot BB,
IYS B3 AR Ful, wo| X8, x| BE T HE
of o]0l glek. Ffell MAsHE Agub AYHQ B
9 SHL BYO|E BIFT A&H ANZ F2E 9

"Egr)Eoz Agueigleh £ ATl Anix
o] B Toke Sldte] Ay HEE U HY BES
B7}hedet. AN O 2 | mm ofs}e] B MBFHE RO
= selsiglon, f3gol et ma=7]e] Aeo] Zfolzt
AT, B o] srobgo] whet mehe] mrk o] F4l
sk, FYsHe Zolt ALniae] 271WR Hol7h Gl
AOR Uehgrh A4ubte] me AEE AT An AN
o= FjATe] Zashs Y W, B 5o A¥E % B
220l SR Wt ARH gk 55, 7AE A4 4
SR e FHom AT A} AFY S U 223}
sheiel AAE HAE 99 04 W PO A% U
2 47 o] walste] Welo] BAVH WAR Ao2 B
ST BTl wRe Ra]] olf wo ol 7
27k AE L AN F83 9TL 5] B 0|8 B
o5 gl BRH WY Y 2 A4H B Bastt,

MAb HE 2% (YR BEAVIFRUNE B
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