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Development and Testing of a RIVPACS-type Model to Assess the Ecosystem Health in Korean Streams:
A Preliminary Study. Da-Yeong Lee (0000-0002-2457-2041), Dae-Seong Lee (0000-0001-7288-0156), Joong-Hyuk Min'
(0000-0002-2146-001X) and Young-Seuk Park* (0000-0001-7025-8945) (Department of Biology, Kyung Hee University,
Dongdaemun, Seoul 02447, Republic of Korea; 'Watershed and Total Load Management Research Division, National
Institute of Environmental Research, Incheon 22689, Republic of Korea)

Abstract In stream ecosystem assessment, RIVPACS, which makes a simple but clear evaluation based
on macroinvertebrate community, is widely used. In this study, a preliminary study was conducted to develop
a RIVPACS-type model suitable for Korean streams nationwide. Reference streams were classified into two
types (upstream and downstream), and a prediction model for macroinvertebrates was developed based on each
family. A model for upstream was divided into 7 (train): 3 (test), and that for downstream was made using a
leave-one-out method. Variables for the models were selected by non-metric multidimensional scaling, and
seven variables were chosen, including elevation, slope, annual average temperature, stream width, forest
ratio in land use, riffle ratio in hydrological characteristics, and boulder ratio in substrate composition. Stream
order classified 3,224 sites as upstream and downstream, and community compositions of sites were predicted.
The prediction was conducted for 30 macroinvertebrate families. Expected (E) and observed fauna (O) were
compared using an ASPT biotic index, which is computed by dividing the BMWPK score into the number
of families in a community. EQR values (i.e. O/E) for ASPT were used to assess stream condition. Lastly, we
compared EQR to BMI, an index that is commonly used in the assessment. In the results, the average observed
ASPT was 4.82 (£2.04 SD) and the expected one was 6.30 (£0.79 SD), and the expected ASPT was higher
than the observed one. In the comparison between EQR and BMI index, EQR generally showed a higher value
than the BMI index.
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ot ¢4 A ok (Resh and Unzicker, 1975). &S o] 83t
B7F S 24 F2E ol8she WY AEZS ol8st
= o] wWol 851 k. A A= o2 A&
£ T AAE dFFAFTES ARo] 1, 739 3E9)
= Al A 2A BEHA A A3 3
7kl &3] AMEEH, o] & o]-&-5to] TheFRt A7t AT E 3L
o (Muralidharan et al., 2010). 1 5 Biological Monitoring
Working Party (BMWP) H= A|ARE A A4 g 733
20| AAshs Ao wet B =Y 4 ERel e
£ Hojsl= WhHo|th(Armitage ef al., 1983; MOE, 2009).
BMWP H+E 277 T e 277 B85 (average
score per taxon; ASPT) TS =AY el A H7}of 2o0]3 it}
dH UM E S ALY dEFAFEEY oA
of thgt A3 vigez eEA 9 AR7HSXE 245t
1, o] &A% HHEAEE AKX FEAFBMDE A5t
of o]E BESHGolA A A7 Bl ANk
It} (Kong et al., 2018; NIER, 2019)

1977 F=olM= A do| &2 shdS Fh=st
Aoz AAsta, FxsH 2 AT A= A4
He AL dEFHEEE FHS BMWP H-(EB)eH A
A 2AE e o AAste A4 d@FdTsE 2389
BMWP H=(0)E BlaLste] 73S H7lsk= RIVPACS
(River InVertebrate Prediction And Classification System)&
Wre ok (Wright, 2000; Hallstan et al., 2012). & 249
Hl= O/ A4 B+ B78H4 2HAA (taxonomic complet-
eness) o2 E2]7|% Stk (Hawkins, 2006). L 0] QAE
g dejote] A eAEF Aol = RIVPACSS %
HE 7[Hte 2 3t AusRivAS7}F 7HEHE 1.2 (Smith ef al.,
1999), H|=of| A= thFt RIVPACS 39 =do] A=
Yot, 228k, H|Ql, =A7RETe|u, e35to]e, 22, ¢
A¥ 5 Fobch L= Yok (Hargett e al., 2007). -2 uk2to]
A= MOE (2009) (BMWPK)£} Kong et al. (2019) (BMFI)9]|
A ANA ERazEEe 3 B9l 4RE olgalo] o
7 H7HE AR AEAFE TS| A% 2o] glom,
Min (2022)2 23} sH YAb 7Hke = F2AHe A%
SkaL theket AEX|gro]] 2 RIVPACS £39 di&ndd
Y=L Hjwsh= A5 THsHA-

T2k 21004 A4 RS dSE387] st 7]&
+ 24 35 Al B E ol 8ty Aol B #
9| SA FAE 55| fste] o FAstoha &
A Y= 7)1AES e AMET 9tk (Rose ef al., 2016).
RIVPACS ZEojA= I @92 H4E mi7le Wals A
E5H%7] dieoll o SA7HA 55t B71} 7k st o]

3 B A7 9 ZA" I, &

o8 EF 30| 7ssto] A B}

off thet 24L& =ole Aol Ark(Ostermiller and Haw-

St RIVPACSOA & A#A 30 23S AA

sto] AETAQI S4E &olstA gtk (Hawkins, 2006). &

T A Age Ao TRl tigt Holido] glem

2 o7 7] agk g%lo] AE ) nAe IS 5%
slo] UERd 4= gtk (Hawkins, 2006).

o] A4t= Ut M= stHE dFeE et
9] 470l BH= RIVPACS 82 o83t sPHAEA A%
d B7H S R AR AR SE Rl o] & 3
RIVPACS 39| B7Hiel a3t ARES HESL =9
stk
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1. 2% Xz

ANA EEREES Aas R TUaATEY
o] $3sl= AEZAY (hitp://water.nier.go.kr/ )& F3l 4
AE AR F 201687 H 2018W7HA| ARE o855t
AXd AP FAFFTES Ml B3 7R 2AHE e H,
ZF Aok 1~393F 2AME SIS o] F§ B- 0 2AME A=
T 2 Aol o8ttt & 3,0357] A9 wlolgrt 2
FEof o, thdzt A A=7HA] EZFFSHE F 3,472
M AZPE-F7HE 2 AR R o]FofA QUth AXA HF
FAFTES AESAT 24 2 F7HAR o W} Surber
net(30cm X 30 cm, 1 mm P5) 02 X8 33] HhEsle] =
AFE]91TH(MOE and NIER, 2015). J{E FE2-2 80% &=
2ol HEH AP F 274 &7 FHEUT
(Bae er al., 2011). 74 7Al= £4S s i 5 &
A= AEEen Zuael o] E&7 40| ofEe 3
ol £577F 7 27 S = A

2. &4 Xl=

2712, 79 H171L, 19 HA71L), EAHE (A7 o
B, &, 24, 54, WA, 99 vlg), $e4EE o
AEIE, S 24, 94, 4858 40 ulg), S T2
(ABo] wet 6714 27|12 BRE EREUT £ 2oL
wol7h 74 BAolA Aelstee. Xed atol 71F an
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+ ArcGIS (ESRI, 2013)2 F&3}4th(Lee et al., 2022). &
Ao & =2 = 3T EAH] A (http:/egis.me.go.kr/) 2]
A2E G 2 AHS FHOE AR AE | kme] vHlo]
fFohs AGS FET F 7 FE9| WA vl Allsto

o|- 83}t (Lee et al., 2018). $E| 5232 @49 A} L
Z2& AE AT A @A SEEHUT S8 S g
AH0] ZAL7]Z(MOE and NIER, 2015)< wsfth. s
% 2997 % YA Aol 28R e AL
AASAIL, 1 A3 281870 AFoIA ZAFE 322470 2
ARE FE.

F

A HiEH
= oHd

RIVPACS= th53 22 14& AZt}(Fig. 1). WA| Z
AR g AEAT e (AR E FH R A
A & wE ] & A FxsHd AT AdE st
ASEdS wEH dEndL AR, 7ASEEd 5
AREAR7E Yot WAl o' ARG 7]‘113@‘1 o] °1:|1°ﬂ*1‘—‘- 7]
A& Wy o] slutbel random forest Ya|&S A]——Q—S]-@‘
t}. Z}zbe] BE o tisle] RESES Tl
o] EAetrtal Htst= QRS ot WAL R E"éa

3.

HI
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Fig. 1. Flow chart showing the RIVPACS approach to assess fresh-
water ecosystem health.

e 2 g Sesia G240 B i 8
& malol gEsel 24 e B A5t

o 1\(1)4 E3l& A A4 AEsAT)

1) stdxtofl [HE ol 72

ot AejAlE sk 327] Sl et 1 EAo] b2
w2l A HE BRAASE ARH(1~42hek 1RH(5H o]
Ah sz Estett 1 AT AxehAL 2,5437F, 1
AL 2752 -o] &3t on, AR ZEE o] ZAY
A4 =Z3slE AR 2,69570 A&, LAEHHL 529
A A7Z FAE ] )

E49 449l FAol,
5LAE o gtt)(Clarke et al.,
2003). Fxshdos nt Ao BEFo] wEHH, o]
i /lgEA]—_Q. H El-o oz A 7}/\51 = }\}Es}q RIVPACS
oAM= F=xsHHY diSH AEA AA AESS vlwst
of 7 AR e AR A Aoz AR BV o|F
ojXt}. o] MY FxsHHL Bt 7|%o] Hug wd A}
o YAl FaFS v AFsHA A ojof ik o] A
TFolA xS AFL 3 A4E Hgez AR EH U
AFAGolA =AM 2k F SHAE A B7F A-
(MOE and NIER, 2015)°] w2} ‘uj-$ £3-(A 53)2=2 ¥
7hel 8887 AW 2= BMWPK E27o| g 8877 A|H
< ol &S AL AL 79371 A=, 1AFSH

qe 947H Azt o] = Q). PRl WhE AR 9|

HI &2 SR 2 A3 A sk Aol A
st o, sPATE 62191 A9 Bl&E AA| s AH
6.9%N A F23Pd 2.6%2 ZHAstGTh E3F xR =
73} olAke] ZAA AL EFEA Qo B AHL
cl9le] Aghie} Rk gm 7)ol 2ond 8 £
3 9 Mg, $USTHE 84 F 42 g, M T2 F
Sgo) sl o e B4 s

ML
-|>

T ol TE AN, BFYS £k 2o
ol&d HWE Adsty| st v|AF Tt =
(non-metric multidimensional scaling; NMDS)= 3}t
NMDSE #z3H9] 347 BE7ad 7Hxﬂi‘r§ Higo® &
A=} & AHANT HAE BERTE BE4oA A st
fon, ERad Al 21 HEste] #olg £49th &
¥ S4E NMDS dit= 49 54 2 #31 ¥t
o] TA| B ARGE At T 2ok Aol w2 &
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Zy Huit} 1~2708 Adgstgon wa 7k o
Tejstol ejslsic 21 SHCRE el 4,
A A & 7NA4=, Shannon TH¥F % (Shannon, 1948), 5=,
EPT (5}F4ol 5y, =&, d=d5) /<9 v&, ¢4
57} A= it E3E 7374] FzsPHAA 5% oo A
= A8t BT A EIF A E
4) 6= st
RIVPACS 2¥-2 3173
+R& d&ste] 1A
A 5 el Sl 2ee] g8 Aoz o
Z random forest &1 8]Z (Breiman, 2001)2 ARE3ste] z+
Zto] BERtel digh & FExndE 4H RIVPACS 2Y
S TESHT FEWMAL 7 BRI EhY A4 98, 5
Hp AAE A HSS A3tk Random forest &l
IE2 7IA R stuEA oo FA A oS}
SRS 7H0] BAE o1& E Brkste v E5E QL WRo)
t}(Breiman, 2001; Lee et al., 2019). RIVPACS E2-2 *]x}
shHa A o= Yo AlFstgich 24 g5t 4
= Sl AL 7 (55570 AHR):3 (2387 AR)L 2
theol AHgigon, AR 47} AdHOR 4e DA
2492 Jeave-one-out WS ARESHY] wAHESIAT @4
£ Zo]7] g Zdzte] mdoA ZxeHA A Z 5% o]5}
9] A oA EE RS 24 AQ]steTh

W
B =5 /5__ ot
H
%

5) GIE=HS 0|88t U
RIVPACS E‘%‘_—% 53
Z A %%”

0:
uﬁ
N
=2
AN

£ H=
AbE 0“‘2 o g g 2o g BMWP d=
AFZE3l%th. BMWP 4= MOE (2009)7} $-2juat =
Aol gt HFPF BMWPK H42 Ao Zuhtat
(Chironomidae)2] 7%~ MOE (2009)°| A& red type¥h I
Htgouy B dApoAs nE Zu7aE gitoz 39
ok BMWPK A4t BR2(3He) 24 §578 oo
A3 g sk A o2 ALHET (Appendix 1).
BMWPK 4= ZF 577 (@l w2t 4734 AeEs Fo
gtal, 25k ER HA4E BF ot ARSIt oFg
oA A¥E 23 Aret mdS S ALkE 7 ﬂ‘%l A}
20| i3l ZHzF BMWPK A48 A&3slgtt B3t 2 g &~
o] W2 a5 BAsH] flal A4HE BMWPK HE vig
© 2 ASPT (average score per taxon)S AFHE3} T ASPT+=
BMWPK 5 EAsk= £/ (@HY 2 viro] Alkbgt
t}.
EHow AA #HE

rulm £ Jr

3 (0)& 7oz At&d

ASPTE 2dg 53 458 2 (B)g 7oz A4
3t ASPTZ U0 Z} X132 EQR A|4=(ecological quality
ratios; O/E)E -5t th(Clarke et al., 1996). EQR A4+=
A~ES5H22 5942 U¥n EQR 1S 7|1&2 2 Hrl=Eh
EQRo] 12t} Zkow] Zho] H]F|ste] weh A= wesim,
1 o]l Aol ASET A BE4] B & A4
o2 F7HE k= 9Juloltk(Joy, 2013). Z 552 03 1 A
ol A= 0.2 TR FEECH EQR A7t 07 19 747t

275 2P di&d AEAT FAksH, 09 7k
2 2TE S-S 9u]gtth(Yuan, 2006). =, A S5 77HE
TE F2 FAHA 2738 nigitt

6) EI:-II mjl.

steE By 7 BRTUE 29 ABS AN
H, A8 (ACC)} area under curve (AUC)E EFEHZE
AetEth AUCE & RN &9 Fe=E F7}
3t7] $13) &3] AFEH I, EFo] wEE Zor d3H
£ e AA BS5A)9F Blwste] ALtEH, 05004 12 F
7VE4E 22 A5 7 2E 2 Hr7hE o (Hallstan et al.,
2012). == A A5 2 F SHIEA 95E 279
Bl &S omjgih
d&d A3 5582 7IE HE SFBMI A+ A~E 5

) (MOE and NIER, 2015)0.2 B7}18 229} v wshg
o} BMI A= AAAY Qg FAF5ES 7INe = g ohd
9 A7 B7Iske Aol ARBETY =8, oF
Z 9 A 7B7EXE 7]Hte 2 AAMECH(NIER, 2019). o2
738 588 s BdS B9 A5 FEACE 4
£ 55 (EQR)= o]&sI3itt. B7HE sl AN A=
270 %7k iAol 322441 49) BMI 2147} A8

r’o [¢]

¢

32 r|r ol i
N o

}.

2E E42 R
t}. RIVPACS 2
= (NMDS)2
ASEd
(Hijmans e al., 2017), 2@ g7}= pROC (Robin et al., 2011)
7| A& o|-§5}3ATt.

(http://cran.r-project.org)ol| A ©]F-o] &
g2 RoJA FEE GO, BAF A A
vegan (Oksanen et al., 2019), random forest

randomForest (Liaw and Wiener, 2002), dismo

1. 48 28

Fx3H AR AL 3470 27} 712 E e H, F 908,554
A m?e] Y=g Bk AA AALES] 5% 0|4 2HA]

She 9 Ask olls BE dweE, shejw, S|
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Fig. 2. Ordination of non-metric multidimensional scaling (NMDS) for the sampling sites (stress: 0.2610). Dominant family, community
indices (a) and environmental variables were presented on the NMDS (b~f). (a) Dominant family and community indices. Dominant family
were specified as family occupying more than 5% of total abundance; (b) Geographical variables; (c) Meteorological variables; (d) Land
use; (e) Hydrological variables; (f) Substrate composition. The words written in bold are variables used in the model. TmaxJul: maximum
temperature in July; TminJan: minimum temperature in January; Tavg: annual average temperature; Agriculture: agricultural land; AverWa-
terDepth: average water depth; AverWaterVelocity: average water velocity.

oz ZAFERIL E35] Y= &2l Hydropsychidae7}
AA 212%E AR 74 B2 A4S Eiem, 5%
Aro] & Baetidae 16.3%, 2] & Chironomidae 12.3% 0]}
o} 7 BR2o] BaE AW WIS WIS
midae 91.8%, Baetidae 91.0%, Heptageniidae 89.7%, Hydro-
psychidae 80.7% S22 =2 H] &2 B4t

RIVPACS 29 150 AMH F2e1H o BE 24 A=
< A57F WiAA Q= 3070 FHET 29H7F 715 H A
(Appendix 2). AA}shE A 282}, TAfs | A= 257 2t
7F o] & EH ek EA40 0|8 &7+ BMWPK Hj3o] 1
ol ERRE 103 ERI7HA] 1% UEst o] 5 7
o BERol o7l 2 7P wol yehgten], 73 ol
BER30] 217 T2 70%S AA|5HAT

dZ @ BHrlo] AHEH 3,2247) ZARAH A ALhA
o] ® 3471 Zol|lA 2,104,738 44 m?e] W= Wt F
Z31d ™3} 2ol Y= E Hydropsychidae?} 24.2% 2
71 2435193, W& ChironomidaeZ} 22.8%, 3F5A0]
2 Baetidae7} 14.7%% $A3l= Aoz vehygth o=
A7 9] H]-&-2 Chironomidae 86.8%, Baetidae 61.8%, Oligo-
chaeta 61.5% <22 YEMLTE

w .
+—, Chirono-

T o

RE 4 3470 BRIRF Z3HE 1989 2ARE A=
£ NMDS E413}9g 2.0 (stress: 0.2610), ©]of o3l g4
& biplot& o]g3to] BE 37 FHso IAE £4
5}“‘13]-(Fig 2). Z+o] =9} Shannon TH¥F= I EPT EF+-
o] Bl-&S NMDS 1&9] whet 29 A4S 7H3eH, $3

= Ht o] HHdE HT(Fig. 2a). -5 == NMDS 25
o &9 BAE Bon, F/AFE NMDS 2500 52 %
FoR ARS Btk 94 ERaS dAZ FAsY
Sz o] ATt FABHA bt o, Rhyacophilidaee}
Ephemerellidaet= NMDS 23} 9F2] A4S Holw 74
A4 F A=t 7MY fARE Ad9S Bk

A 940t 71% a4, EXTEL A2 NMDS 3}
o] AT (Fig. 2b~d). 1=} FAZL FARE A
< Eom NMDS 230 tisf <] WaFe 2 A3dE 7t
o st v AP ook BUEBEA72, 1
4 A7 2 79 7|22 =3 1 9 FAZ TR bt
o] FFE Btk EX g oA €9 vj&2
ot Az AR S B oY, 53R HE

-
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HAB 7|23 AR AFAPS Bt seEleEehy a4
E3H NMDS 253 #o] itk (Fig. 2¢). &9 v &
NMDS 230 tfste] 29 AR E, shE2 ¥ A4S
Bk M} F+F = NMDS 13 NMDS 2=0] 1.5 &
A} 2.1 (Fig. 2e), =2 HE-2 NMDS 1% fjsjA=
o] 4L, NMDS 230 disfiAl= 29 A4S 7Hth
olg T3l HFHo= oI T2 T WE AEsA
ok A& aho] nwel FAE 7|5 849 HAFHY|
2, EXHE 5 ¢ v g, sEeESE 249 51 o &
Hl&, sH 129 &9 H&(XE>256 mm). 7|F 84
% 74 7], 19 A7, BUHA7| 22 ARt B

F

o

e tehle] g B B FugRIlee At
ok EX3% FollAl Qlzke] Gap Belo] gl 9] Hg
2 HEjsgn. iRty adois 58 B4 §
HoZ ofeg HEREY e FRE WG F 5 Yt
sHE2 W Adskert. s FROIAE 2e 3719 97

o 2 37]) At v} AREE Ben), o] F PEY
° 7P YAt 2 2B MRS YR A

3. 28 d=z=d

1) 2224 oz

Random forest2 RIVPACS @& =31 A, 3t
HEAHS PO ME BEE BRI 2S4S
g 4 Tk (Appendix 2). AUCS} ACC7t &2 ER+S
= Al A Hydroptilidae7} ACC 0.82, Isonychiidae7}
AUC 0.852 7H &9kom, B2 ACC 0.53(£0.11SD),
AUC 0.65 (+£0.09 SD)%th 9XZk2 0.04 (Gammaridae)~
0.95 (Baetidae)7}A] Z24A Jehton H 0.36(+£0.28 SD)
o] }itt. 1A}8A o &= Hydroptilidae7} ACC 0.942, Perli-

Upstream
L]
o _| .
[=) LN )
L]
o. .0 e
© 1 es  * '.. ..
o (] .
% o
9) . ¢
D w
< o 7
N ]
o
o
o T T T 1] T T T

0 100 200 300 400 500 600 700

Number of sites

dae7} AUC 0.852 714 =9ton, HFZHE ACC 0.76 (+0.10
D), AUC 0.68 (+0.09 SD)o| it} 9=|FHE 0.27 (Glossoso-
matidae)~0.80 (Baetidae) &2 Ax}aLd o] H]3)] Az oz
2 9IS Hylom H 0.50(£0.17SD)o|gith 2 57
40] AAR A 40 AUCE HIsHS o, T
= A ek AUCS] IAlE dATE g B Th(Fig. 3). ©]
= 249 237} P A o] 3l 3-E oulstatt.

2) 7-|7|-A-I EIA n17|. 71J-1|.

BMWPKo|| Z3te 3} 4=29] thoF (richness)ol| A= A
A FA4L 0~207+2] BMWPK EFZ0o 2 o]Fojzon
B 6.30(+4.24SD)TE B} g 2H 2L 0~197}9]
BMWPK E230 2 o|2o]% om B4 843 (+3.15SD)T
2 o|Folch A% AL AR 0| o5t AE A5 9Jr RIVPACS
Hds Fof 4% AE A5E vudt 21, F 3¢ 2F
ASPT Z+2 0~10 Yol A4 ebdct AA ASPT—: Ht
4.82 (+2.04 SD), dl&¥ ASPTE 6.30 (+£0.79 SD)2.& 4
4 7ol o A ety AekAl B w3 Aapshdat
TA}EEH BEROA AA grET ASFke] F o 2 58S

Heloh AA 9 4 &H ASPTE 38 EQR #42 %+t 0.76
(£0.31SD)2.& Uehgtom A 53 1,8607), B 53 53571,
C 522187}, D 53 4707}, E 53 1417] Ad o2 eyt
}.

BMI A|=¢} ASPTE 7|E22 A4 EQR A|¢E H|
WG o, sHH e A2 BMI 582 A 5524 B 58,

ool Wol BEst= A= YKt (Fig.
m}ovu BMI¢} EQR 55 H|wgh A}
EQR 5HNA £2 5522 B7Hd A Ho|
wgeten A ‘2%;‘; 2119@ Uz S5l BMI A7t

Downstream
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< <
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N
o
o
o T T T T
0 20 40 60 80

Number of sites

Fig. 3. Relationship between the number of sites and AUC. Point indicates family.
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Fig. 5. Assessment of study sites based on EQR (a) and BMI (b). If it was sampled several times at the same sampling point, the value of the

most recently sampled would be indicated.
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Appendix 1. Biological Monitoring Working Party Korea(BMWPK) (MOE, 2009).

gy 55

Score Family

Gammaridae, Scopuridae, Taeniopterygidae, Capniidae, Leuctridae, Peltoperlidae, Perlodidae, Chloroperlidae Perlidae,

10 Philopotamidae, Rhyacophilidae, Glossosomatidae, Limnephilidae, Lepidostomatidae, Blepharoceridae

] Isonychiidae, Siphlonuridae, Ameletidae, Leptophlebiidae, Pteronarcyidae
Molannidae, Stenopsychidae, Odontoceridae, Brachycentridae, Ecnomidae, Elmidae, Psephenidae, Sialidae

7 Heptageniidae, Ephemeridae, Ephemerellidae, Baetidae, Hydropsychidae, Psychomyiidae, Phryganeidae, Phryganopsychidae,
Sericostomatidae, Leptoceridae, Calamoceratidae, Corydalidae, Gomphidae

6 Potamanthidae, Neoephemeridae, Polymitarcyidae, Hydroptilidae, Simuliidae, Ceratopogonidae

5 Dytiscidae, Haliplidae, Noteridae, Gyrinidae, Hydrophilidae, Helodidae, Heteroceridae, Chrysomelidae, Aeshnidae, Libellulidae,
Coenagrionidae, Platycnemididae, Lestidae, Calopterygidae, Cordulegastridae, Corduliidae

4 Caenidae, Gerridae, Corixidae, Belostomatidae, Nepidae, Pleidae, Notonectidae, Ochteridae, Naucoridae, Mesoveliidae,
Aphelocheiridae

3 Syrphidae, Hirudinidae

2 Chironomidae

1 Oligochaeta
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Appendix 2. Area under curve (AUC) and accuracy (ACC) of the family in upstream and downstream.

Downstream
Order Family BI:?(XePK

AUC ACC AUC ACC
- Oligochaeta (subclass) 1 0.50 0.45 0.71 0.71
Amphipoda Gammaridae 10 0.56 0.51 - -
Ephemeroptera Baetidae 7 0.66 0.32 0.70 0.89
Ephemeroptera Isonychiidae 8 0.85 0.49 0.63 0.86
Ephemeroptera Heptageniidae 7 0.66 0.70 0.66 0.74
Ephemeroptera Leptophlebiidae 8 0.64 0.53 0.78 0.74
Ephemeroptera Potamanthidae 6 0.79 0.63 0.73 0.71
Ephemeroptera Polymitarcyidae 6 - - 0.68 0.76
Ephemeroptera Ephemeridae 7 0.56 0.41 0.64 0.64
Ephemeroptera Ephemerellidae 7 0.71 0.65 0.71 0.77
Ephemeroptera Caenidae 4 0.66 0.49 0.65 0.66
Odonata Calopterygidae 5 0.60 0.49 - -
Odonata Gomphidae 7 0.63 0.44 0.61 0.55
Plecoptera Perlidae 10 0.81 0.52 0.85 0.81
Megaloptera Corydalidae 7 0.48 0.32 0.63 0.66
Coleoptera Elmidae 8 0.74 0.59 0.80 0.71
Coleoptera Psephenidae 8 0.65 0.51 0.63 0.63
Diptera Simuliidae 6 0.62 0.52 0.65 0.66
Diptera Ceratopogonidae 6 0.60 0.44 0.59 0.87
Diptera Chironomidae 2 0.62 0.71 0.58 0.81
Trichoptera Rhyacophilidae 10 0.65 0.55 0.66 0.62
Trichoptera Hydroptilidae 6 0.58 0.82 0.82 0.94
Trichoptera Glossosomatidae 10 0.70 0.54 0.48 0.78
Trichoptera Philopotamidae 10 0.69 0.64 - -
Trichoptera Stenopsychidae 0.79 0.52 0.73 0.87
Trichoptera Hydropsychidae 0.74 0.57 0.76 0.81
Trichoptera Psychomyiidae - - 0.73 0.90
Trichoptera Limnephilidae 10 0.54 0.41 - -
Trichoptera Lepidostomatidae 10 0.73 0.52 - -
Trichoptera Leptoceridae 7 0.53 0.68 0.54 0.82




