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The Evaluation of the Drainage Crossing against River Fishes

—The case study of the Kandis River at Padang in Sumatra Island, Indonesia—

Yukio OTA  (Research Center, Nishinippon Institute of Technology)

Abstract

There are a lot of weirs for irrigation at rivers in Sumatra Island, Indonesia. However, very few fishways are installed at these

weirs, and the influence of these drainage crossings on fresh-water fish has not been evaluated clearly. Therefore, in this paper,

the influence of the Parak Buruk Weir on the fish condition is tried to evaluate at the Kandis River near Padang City in Indonesia

with species composition analyses, such as Shannon’s diversity index, Simpson’s diversity index, Jaccard index, Bray-Curtis

similarity, percentage similarity, cluster analysis and its dendrograms, TWINSPAN and INSPAN.

Keywords : Drainage crossing, Diversity index, Similarity index, Cluster analysis, TWINSPAN
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Research sites: The left is the downstream and the right

is the upstream of the Kandis River.
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Table 1. Research Sites
Site Date Weather Water Temperature
degree Celsius

Downstream 11August2007 Cloudy 26—27

Underweir 11August2007 Cloudy 26—27

Upstream 11August2007 Cloudy 26—27

Upstream 12August2007 Fine 28

Downstream 04May2008 Fine 26—27

UpstreamA 04May2008 Fine 26—27

UpstreamB 04May2008 Fine 26—27
Table 2. Fish Data at Parak Buruk Weir, Kandis River

Species Life Stage Site&Date Total
Downstream Downstream Underweir Upstream Upstream UpstreamA UpstreamB
11Aug07 04May08 11Aug07 11Aug07 12Aug07 04May08 04May08
Garing a (adult) 0 1 0 0 0 15 0 16
Garing Jj Guvenile) 0 21 3 6 3 101 4 138
Kaperas a 0 0 0 0 0 7 0 7
Kaperas ] 0 0 5 0 7 120 33 165
Kulari a 0 0 0 0 0 0 0 0
Kulari j 0 0 0 0 125 0 0 125
Mungkus a 0 3 11 100 179 31 0 324
Mungkus j 125 357 20 377 136 483 197 1695
Nila a 0 2 4 3 6 70 0 85
Nila j 31 130 6 51 68 51 2 339
Pantau a 0 0 0 0 0 0 0 0
Pantau ] 5 0 0 0 0 0 0 5
Total 161 514 49 537 524 878 236 2899

Garing: Labeobarbus soro
Kaperas: Puntiusbinotatus
Kulari: Tylognathus kajanensis
Mungkus: Glossgobius giuris
Nila: Oreochromis niloticus
Pantau: Rasbora jakobsoni

DEEF %5777,
2-2 AEFE

FREHO FHM D, BARKEET, A, REEM (&
LGOI, 2R, BEEAHR LR L, AxXEL
L7ZBANe, Rz lio¥ 7@, Lt il
KEBEEITS TR, X 7B LR S, ¥ T & BN
AL & PR R T Bicie L, KR, Wil JEE, N
— DWREBIZHOWTESRT 5,

Fig.2 &, BKBROERT & mEME O Z27RT, &
FTIE, IRBOT—4 05 b, AHEICHETLIT—4 72
HEFERLER D HTIC VD, FE7z, Table2 12, Blganiz
iR L A RT, AEICONTIE, 2EEBEIC, M
(adult) &4hfa (uvenile) 1Z531F, FFALOHTIZE N

Fig.2 Kk BM (F£) LF#EEE )
WAKBRIZ Y = = vaffiv, ffE, R (Al
YD) B, RRETET D, ROWTZEETE K
PR CHIX FIZEE L, 2L oKEE, s, KE, Ho3—
OIRREZ T T D,

Diving visual observation with snorkel and water glass
(left), and measurement of velocity with handy small-
propeller velocity meter (right).

(75)

Erv oA (F)

77 V0%, BAROA Y LT, B E LTAKS
HD, Ly AE, AROHIT AV RYICBAT, £
BRFEPBE SN DD, AFRXTIE, 27 AL LT,
—fEL |,
(left:
(right: Glossogobius giuris). Both of them are edible,

Fig.3 77V

Kulari Tylognathus kajanensis) and Mungkus
especially Kulari is a very popular fish for food among

inhabitants.

TIE, AR ESAREXEM L ToNT 5, Figd 12, R&ED
RERAETH D7 7V (B4  Kulari, %4 : Tylognathus
kajanensis) &, REMRELERTHDL L7 A (Bitg .
Mungkus, %4 : Glossogobius giuris) %<7,

3. BHEMDOAIMAELE L UIFIER

3-1 O SHMEDIE
FOLHEMEDOFMICIE, v /v OEHEMERE B
(Shannon’s Diversity Index) &> 7Y v OEEETEK

SID (Simpson’s Diversity Index) @ 2 ffE#HW\5, Z

NWHOEEE, Wb, OSEEATMETAREL L
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Table 3. Shannon’s Diversity Index

Species Life Stage Site&Date
Downstream Downstream Underweir Upstream Upstream UpstreamA UpstreamB
11Aug07 04May08 11Aug07 11Aug07 12Aug07 04May08 04May08
Garing a (adult) 0.00 0.02 0.00 0.00 0.00 0.10 0.00
Garing j Guvenile) 0.00 0.19 0.25 0.07 0.04 0.36 0.10
Kaperas a 0.00 0.00 0.00 0.00 0.00 0.06 0.00
Kaperas j 0.00 0.00 0.34 0.00 0.08 0.39 0.40
Kulari a 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Kulari ] 0.00 0.00 0.00 0.00 0.49 0.00 0.00
Mungkus a 0.00 0.04 0.48 0.45 0.53 0.17 0.00
Mungkus j 0.28 0.37 0.53 0.36 0.51 0.47 0.22
Nila a 0.00 0.03 0.30 0.04 0.07 0.29 0.00
Nila j 0.46 0.50 0.37 0.32 0.38 0.24 0.06
Pantau a 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pantau J 0.16 0.00 0.00 0.00 0.00 0.00 0.00
Index H' [bit] 0.90 1.15 2.26 1.25 2.11 2.08 0.77
Downstream Average 1.43
Upstream Average 1.55
Table 4. Simpson’s Diversity Index
Species Life Stage Site&Date
Downstream Downstream Underweir Upstream Upstream UpstreamA UpstreamB
11Aug07 04May08 11Aug07 11Aug07 12Aug07 04May08 04May08
Garing a (adult) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Garing Jj Guvenile) 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Kaperas a 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Kaperas ] 0.00 0.00 0.01 0.00 0.00 0.02 0.02
Kulari a 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Kulari ] 0.00 0.00 0.00 0.00 0.06 0.00 0.00
Mungkus a 0.00 0.00 0.05 0.03 0.12 0.00 0.00
Mungkus j 0.60 0.48 0.17 0.49 0.07 0.30 0.70
Nila a 0.00 0.00 0.01 0.00 0.00 0.01 0.00
Nila j 0.04 0.06 0.01 0.01 0.02 0.00 0.00
Pantau a 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pantau j 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Index SID 1.56 1.82 3.96 1.86 3.87 2.89 1.40
Downstream Average 2.45
Upstream Average 2.51
Table 5. Estimated Species by Rarefaction
Species Life Stage Site&Date
Downstream Downstream Underweir Upstream Upstream UpstreamA UpstreamB
11Aug07 04May08 11Aug07 11Aug07 12Aug07 04May08 04May08
Garing a (adult) 0.000 0.019 0.000 0.000 0.000 0.159 0.000
Garing Jj Guvenile) 0.000 0.344 0.504 0.107 0.056 0.707 0.160
Kaperas a 0.000 0.000 0.000 0.000 0.000 0.077 0.000
Kaperas ] 0.000 0.000 0.698 0.000 0.127 0.772 0.785
Kulari a 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Kulari j 0.000 0.000 0.000 0.000 0.936 0.000 0.000
Mungkus a 0.000 0.057 0.942 0.875 0.985 0.303 0.000
Mungkus ] 1.000 1.000 0.998 1.000 0.952 1.000 1.000
Nila a 0.000 0.039 0.612 0.055 0.110 0.566 0.000
Nila ] 0.890 0.947 0.767 0.635 0.754 0.452 0.083
Pantau a 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Pantau ] 0.277 0.000 0.000 0.000 0.000 0.000 0.000
E(S) 2.167 2.406 4521 2.672 3.920 4.037 2.028
Downstream Average 3.031
Upstream Average 3.164

TOFEEL (Species Richness) & %)% (Species Evenness)
O 2K LT E2RE S LTHWLRA,

Tabled (2% / > DL A | Tabled (227 Y
v DERRERBORER 27T,
32 L7779 aViRIC L BEHOEE

EEEA_—AD VLT 777 a i (Rarefaction) % H
WT, T_TOYA FOFEEMEFEEEZ 10 IZHA7ZHE D
HeEfEs Ak 5, Tableb (2. 4 L-HEEREHZ <Y,
3-3 FEY A FEOEMUEDKRE

FEY A FREIOBER (qualitative) 72 fELLE @ FEAfIC Y
v v 1 — RO%$ (Jaccard Index) % . &AY (quantitative)
RHEEME ORI T VA - B —T 4 ADELE (Bray-

Curtis Similarity) & /X—% 7 —FELE (Percentage
Similarity) Z MV, 2007 & 8 H 11 H Lo FT—#
(Upstream11Aug07) % R L2 KRAT A ~ oL
xR %, Table6 (2, FRED A MIBITHY v v U—
RO, 7 vA « =T 4 ZAOFPE, RN—krT—v
BLUEORERZ R,

TUA - =T 4 AOFLE & —F T — DR E
., FCHDE LTHDONDZ ERH DN, Kim L TIL,
FXHELSEZAWTHELZLDET LA « B—T 4 AD
PR, FHHL-@EEEEZHNCEAE Lz DE N\ —k
T—EPE L L TKRRIT 5,

Table6 D

Downstream Average =N
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Table 6. Jaccard Index, Bray—Curtis Similarity, Percentage Similarity

Research Site and Date Jaccard Index

Bray—Curtis Similarity

Percentage Similarity

JC PS
Downstream11Aug07 0.333 0.797 0.447
Downstream04May08 0.833 0.810 0.797
Underweir11Aug07 0.833 0.706 0.147
Upstream11Aug07 1.000 1.000 1.000
Upstream12Aug07 0.714 0.552 0.552
UpstreamA04May08 0.625 0.660 0.661
UpstreamB04May08 0.500 0.722 0.525
Downstream Average 0.667 0.771 0.464
Upstream Average 0.613 0.645 0.580

Downstream11Aug07 . Downstream04May08 |
Underweir11Aug07 @ F#Jfti, Upstream Average I,
Upstream12Aug07 UpstreamA04May08
UpstreamB04May08 D -#)fE % 7R,
3-4REZAWVEY S RE—5

T—RESAO 7 ) =Y 7 by =T THDHR E, R ET
EHT 53y r—® vegan & HWT, FHUEOFELE V7
T AZ = EIT D,

FREZ, 7vA - =7 4 ZOFLE (bray). = —
27V v Figf (euclidean), H=— > ®45% (horn) @ 3 f
BEHW, ZhZncsnWT, 77 AZ—@Go7 Y
K& LT, BV (average) . BEIEREE (single) .
R IR (complete) @ 3 FifEZ HWTHE Y 5 2 4
= EITS. Lo T, bbb, 9 MEHOT Y Fr s
TLEB/DHIENTED, ZbH 9 HOT Fr s T A
Oz, Tt (Downstream). T (Underweir). Fif

(Upstream) % 7V —7LTETHDHDORHDENE D
MERRT 5,

AEELNZ 9 FEOT Y Rr s T AOFITE, Tk,
BT, L7 =7 TE TS E-BbhD b0
e, BFonieT v Fa I L0hs, Figd 12, T
Y ZAITEEEER W, T vA =T 4 ADOFELL
B, 2—27 Uy Nilf, m"—r0REicksT o Fnr 7
LEIRT,

3-5 TWINSPAN [ & 55248

TR DS A BN CTdo 5 TWINSPAN %4~ T, Fi#
YA FDITN—TIETT D, AL TIX, Windows L TIE
BT HT7V—YT7 T ® WinTWINS % A,
Pseudospecies Cut Level ¥ % 2 |Zi%ET 5 LISME, T
RTHMRED E E THEITT 5, Table 712, AAEFA K
DIFFUL & FHDFER T,

3-6 INSPAN [ & 5 fE1RIED I H

INSPAN i, &7 V—7 % 88017 2 545 (Indicator
Species) ZHHT 252 LN TE, R ET/Ry 47— labdsv
EHWTETTLHZERTED, 20, Z7V—7I2BTD
RHEITH D 2 & OIBENEIEME (Indicator Value/IV)
ThHU., bR RFENRIE/R L 22D,

RES A oI A—T{kiE, 3-4 THOLNZ, BEEHE
BT VA - =T 4 ADBBPEIC L 2T Fe s
LEHANWT, 3 DD —7 (Downstream04May08,
Downstream11Augd 7 Upstream11Aug07
UpstreamB04May08 ) + ( UpstreamA04May08 .
Undeweirl1Aug07) + (Upstream12Aug07) (Z534E 9 5,
Table8 (2, INSPAN % W\ 7= H5HE MMM O i & FEAmfE % R
D
37 TRIN—TFTELERINL—TDEZEOHE

HAEY A & T /v —7 (Downstream11Aug07.
Downstream04May08., Underweirl1Aug07) & LByt /v

Cluster Dendrogran Cluster Dendrogram Cluster Dendrogran
-
- - w
: |
= = =S
‘ = —
= = v E = ¥ = = v E = = = v E = = ¥
= & E = = = E = & E = = = = & E = = = E
a £ z 3 x E i a = z 3 x By a = z 3 x E z
= it I = = = z = it 3 c = v = . T c i = =
E i - H i 2 7 H i - H i 2 E i - H i 2 7
" i i : i = b i i : i 5 b i i : i 5
% b 2 i H : = = S < E = = ) i}

FigdRZHW= I FAZ =GN X DT Ra s F A

BRI, Eb, TuA - =7 4 AOFLE, 2—2 U v NiEAE,

HOTNAY X LITEEEEEAE W TW S,

F=r OB EHNTHD, WY, 7T A X —fl

Cluster dendrograms of Bray-Curtis similarity, Euclidean distance and Horn’s index with average clustering algorithm

from the left side.
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Table 7. Order and Grouping with TWINSPAN

TWINSPAN Site and Date
Downstream04May08  UpstreamA04May08 Underweir11Aug07 Upstream11Aug07 Upstream12Aug07 UpstreamB04May08  Downstream11Aug07
Division 1 (N=7) negative negative negative negative negative negative positive
Division 2 (N=6) negative negative positive positive positive positive -
Table 8. Clustering of research site, Indicator Value, IVmax and p—value
Site & Date Cluster Species Cluster Species Cluster IVmax p—value
1 2 3
Downstream11Aug07 3 Garing.a 0.000 0.472 0.014 Garing.a 2 0.472 0.663
Downstream04May08 3 Garing,j 0.054 0.791 0.116 Garing,j 2 0.791 0.066
Underweir11Aug07 2 Kaperas.a 0.000 0.500 0.000 Kaperas.a 2 0.500 0.449
Upstream11Aug07 3 Kaperas,j 0.078 0.713 0.052 Kaperas,j 2 0.713 0.140
Upstream12Aug07 1 Kulari,j 1.000 0.000 0.000 Kulari,j 1 1.000 0.142  *
UpstreamA04May08 2 Mungkus.a 0.658 0.249 0.046 Mungkus.a 1 0.658 0.339
UpstreamB04May08 3 Mungkus,j 0.174 0.321 0.504 Mungkus,j 3 0.504 0010 *
* Clustering from the dendrogram Nila.a 0.116 0.857 0.013 Nila.a 2 0.857 0.125 %
with Bray—Curtis Similarity and Nila,j 0.364 0.252 0.384 Nila 3 0.384 0.878
average argorithm Pantau,j 0.000 0.000 0.250 Pantau,j 3 0.250 1.000
* Indicator Values (IV) with INSPAN * Indivcator Species
Table 9. Clustering of research site, Indicator Value, IVmax and p-value
Site & Date Cluster Species Cluster Difference Species Cluster IVmax p-value
1 2 1-2
Downstream11Aug07 1 Garing.a 0.045 0.216 -0.171 Garing.a 2 0.216 1.000
Downstream04May08 1 Garing,j 0.318 0.523 -0.205 Garingj 2 0.523 0630 *
Underweir11Aug07 1 Kaperas.a 0.000 0.250 -0.250 Kaperas.a 2 0.250 1.000
Upstream11Aug07 2 Kaperas, 0.106 0.511 -0.404 Kaperas, 2 0.511 0.300
Upstream12Aug07 2 Kulari,j 0.000 0.250 -0.250  Kulariyj 2 0.250 1.000
UpstreamA04May08 2 Mungkus.a 0.235 0.486 -0.250 Mungkus.a 2 0.486 0.652
UpstreamB04May08 2 Mungkusj 0.516 0.484 0.033  Mungkus,j 1 0.516 0.850
* Clustering downstream and Nila.a 0.361 0.344 0.017 Nila.a 1 0.361 0.935
upstream Nila 0.722 0.278 0.445  Nilaj 1 0.722 0.102  *
Pantau,j 0.333 0.000 0.333  Pantauj 1 0.333 0.435

* Indicator Values (IV) with INSPAN

— 7 ( Upstream11Aug07 . Upstream12Aug07 .
UpstreamA04May08., UpstreamB04May08) (Z43%H L .
INSPAN % HW T, FEREMNE & FEIEME A4 il 95, Table9
12, BT A= L T N— 7 OFRIEME O & FEERE
BT,

4. EE
AW T, O, A SoFPE, 77X
—ifr & TWINSPAN (I L 2F& Y A OS5 JE, ffED
& OIEIEANME & HEEAE, 2 b 08RG, HEEE S A
A BRDUICE 2 5 BIZO W TERT 5,
4-1 D SHME DT
Table3 & Tabled I[ZTEHE L7z, TNEHOFAEYA k
2.50
2.00
g 1.50
jz’ 1.00
) 0.50
0.00

ﬁgﬁng: ﬁﬁfﬁﬁﬁw

o
&

Research Site

* Indivcator species

BIF2Yy ) v OLERMEREE VT L OEERERE
IZOWT, ZOREREA Figh ITEL 05, £/-. AV A
& B & FHICo T 72, ENENOEEO L) E % Fig.6
WE DD,

Figh OT7 T 7Mbb EB0, vy ) v OSEMER
BTy OLRRERKIT. ZERBEOBEAER LT
9, Underweirl1Aug07 Bk bmEVMEEZ R LTS, K
RO EMTH DT v 7 Ty JHETIE, BOETIX
PedlE CIRAI /2> TR Y . ZOWEN LW\ T2 5 KK T
I3, OKIEL Y b, 2L OBEABIETE L2 LB%0,
SARTKIR & TN, SRR OEREAREIZL TV D &
EZzbhb,

7. Fig6 °6., ¥ /)y OZkEMELKE TV v

4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

S

Research Site

Index SID

Figh v/ VOLEEMIRE H () L3 o7V DL SID (F)
The left is Shannon’s Diversity Index (H’) and the right is Simpson’s Diversity Index (SID).
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Upstream

Downstream
B Simpson'’s Diversity Index
@ Shannon'’s Diversity Index

0 05 1 15 2 25 3
Index

Fig6 v+ / v OZMERER L VT Y U OSERE R
BT D Lt Tiko#
Both Simpson’s and Shannon’s Diversity Indexes,

upstream indexes are larger than downstream ones.

DEFERBOW FIZBNT, FROFEHHELY b, B
DNEHED TN, FENE L > T Wb, Fig6 TOZED
Zixb T Th 50, UnderweirllAug07 kR4 2 &
FOEIL, ThEV b R&EL< D, Figl ORETA ~FoD
BEZRTHNDERY, BOTHE BROEEL A /N—
DORMPER D (LHEOFTFHIEOBNRREL, ZTNHD
FAMHB =TT > TWND) T2, — kSR 2 ol
IR DA ARMEMOLEITIL, FIRORFOE NS
EHTC, EFoOFN, FTHRLv b, MOSEEICELR L O
LEZLND,

42 L7 77023 VRICkBEBHOME

Tables TEHE L7=fEHICOWT, Fig7 IcE&H 5, =
DFEBOHETEE X, Figh (SR Lz v /  OSEMRK
EVUT Y DSRRERK L IZIERBEOBNEZ R L TE
Y. Underweirl1Aug07 OFEHNR b E L 8o TWND, &
7o, Tl e BROFEHEIL. ThZEh, 3.031 & 3.164 &
BRHT M, BRI, LIROEES, BT TIEH D0,
THOEKR IV bEm< o TS,

FoT, BEBER—ADVT 777 v a RICEDHEE
FEIZOW T, vy /Y oSEERESCY T 0%
BRIEREE L | IZIFEREROFRDFOND Z L BT D,
4-3 FEY A FEOELEDRS

Table6 O, V¥ v 1— ROEE, 7L A - I—FT 4 AD
HRUE, S—k o7 —VHEPESY Fig8 IInd, £, £
NWEND TR & EIROENEE E L Db D% Fig9 (IR
7

FEOZERMREES, E0 X5 REREAVTH, 1ZIEF
CLoREmAtHoolcxt L, Fig8 #5125 &, &y A
FMEOELEICEL TiE, AV 2ELEICL > T, 22720
DENELDZ Enyind, BIzIE, 7vA « I—T 1 A
OHEPEE RS &, T, EREzMbd, wWInolEy
A4 FbEWELEZRTOICH L, N—k T —UHEUE
TlE. Upstream11Aug07 & Undeweirl1Aug07 DT,
HUREICRERERDDZENREINT VD, F7,
Underweirl1Aug07 2B\ TiL, 3 SOHLEOM T, #=
PHRD TREL 2o TN D,

5.0
45
4.0
3.5
3.0
2.5
20
15
1.0
0.5
0.0

S

Research Site

Fig.7 AR —AD LT 7 7 7 v a EIC K D HEERE
Estimated species that is calculated by rarefaction based

Estimated Species

on the fish quantity.

1.200

@ Jaccard Index JC

1.000 B Bray—Curtis Similarity
O Percentage Similarity PS

0.800

0.600

Index & Similarity

0.400

0.200

0.000

f?ﬁﬂ s ﬁiffgﬁ pd

Research Site

Fig.8 HE VA kDAL

Upstream11Aug07 %L L=V v v — ROFRE, 7
VA« =T 4 AOBBE, N—k T —VHUEEZRT,
Similarity indexes of Jaccard Index, Bray-Curtis

Similarity and Percentage Similarity.

Upstream Average

O Percentage Similarity PS
B Bray-Curtis Similarity
O Jaccard Index JC

Downstream Average

0.000 0.200 0.400 0.600 0.800 1.000
Index & Similarity

Fig9 V¥ v W— ROEE, 7LV A -« —7 1 ADOFEEE,
NR=t 7=V 5 Bk e FiRozE
The differences between downstream and upstream are

not large in every index and similarity.

Fig.10 12, #AEY A b Lo asn-AalEzrd, =
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Lengths of research water areas are almost the same, but

Amount of Fish

amounts of observed fish are quite different, for example,
between Upstream11Aug07 and Underweir11Aug07.
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