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Are Salvelinus species on Hokkaido Island, Japan, endangered by damming and invasive rainbow trout:

Results from eDNA analysis
Akio Imamura', Kana Hayami?, Masayuki K. Sakata? and Toshifumi Minamoto?

' Hokkaido University of Education, Asahikawa Campus

2 Graduate School of Human Development and Environment, Kobe University

B YT EA 7RO A T a v 3~ (Salvelinus malma malma) 13 EIN TR L 72 W EEETIASLEEIZOAA R L,
BEAL Yy F7—% 7y 7 offidfelE TH (VU) IGEEES N TWwaE, — ISR ERBICERL, A anavw
L0 TRICIERED "1 7 F (S, leucomaenis leucomaenis) 73343 5L SITWDH, TS IE, A LAY IR
TEIEY) EAVRIE D = 2~ A (Oncorhynchus mykiss) D5EFFNZ L o TRAEEDSHBA L T BT ReMEDNH 5, 2T, B
55 DNA DT FEZ W CEEMZ@E L7z > 7)) Y 72 7w, Ay anax, 247 ), BIUOPZURALRLTh
DEBOFEL 2 DFMHEL L ATz KREIRBAOAFFNIKRLROLG AR 1. €7+ A %7 vl %
FAEME L, MEYO LT TORKEED, FH16 A THRAKEZTo 72, ZOME. LA 1RETiEryana~
W B, = A T S BT S, 2V AEFREBTCOREE S, € A IRETIE T Y 3
Oa~v e =V APEETHRE S, V1 T FdMmE SN o7z —H. T v JINTIE 3 3L d Hh
B 720 A E T E OMBOFEIIONWT—RILBIZIREETVIZ L 2T 2 ML 72 L 2 A, BEIOREH]
LTS L OREEY ORRE L L COMRESR CIXAMICTE R o2, F Y ara~vhEiicZvolia LT, =
AT FEZVTRAETFRICEZVENZ R L, LAb A anav b =< A0 TRHMU Tld 2 WITREMEDIR
ENsze L L, TNUEZ VS A X 255 HER ML 2 & 2R T, ARIEATUR 72 Be8E DNA 04T & BRE L .
WA 2 E= ) ¥ T RATWERN LR BT LENH 27259,
F—T— N RAREREET IV, VA7), Ay anav, KFIR

Abstract: We investigated the distributions of two native (Dolly Varden Salvelinus malma malma and whitespotted char
Salvelinus leucomaenis leucomaenis) and one invasive (rainbow trout Oncorhynchus mykiss) salmonid species using
environmental DNA (eDNA) analysis in the centre of Hokkaido Island, Japan. The native species’ populations are fragmented by
damming and threatened by invasive species. Therefore, DNA real-time PCR assays specific to these three salmonids were used
to investigate the effects of damming and invasive species on the two native salmonids. Salvelinus malma populations exhibited
separation due to damming. Additionally, they were not eliminated by invasive O. mykiss but rather lived together at some sites.
Salvelinus leucomaenis populations occupied the lower reaches more than did S. malma populations. We detected S. leucomaenis
and the invasive O. mykiss population less frequently than expected. We were unable to clarify the seasonal movements of
species, even during their reproductive phase, despite conducting eDNA surveys throughout the year, including during the
coldest parts of winter. We hypothesise that damming may function both as a protective barrier against invasive species and as
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an impassable barrier preventing migration; however, the significance of these potential functions was not revealed in this study.

From a long-term perspective, fragmentation may negatively affect the viability of native Salvelinus populations. Conservation

efforts for native Salvelinus species would be aided by additional studies using eDNA surveys, which can be effectively

conducted even in mid-winter.

Keywords: Daisetsuzan National Park, generalised linear mixed model, Salvelinus leucomaenis, Salvelinus malma
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5L & hGs &g B I ETE S 12O T K
DOBBFEEE L L CTHEBHD W= A & AT ORI T
ZHIESRITEEZALONTE 72 (E#EIZA 2006 : Morita
et al. 2000 ; Morita and Yamamoto 2002 ; Morita and Yokota
2002 : Morita et al. 2004), Z L5 DI/ 72H (ZHHLE
1695 LIZRS 3, BEDO WIS 30 4 % 2007 THEME
FEDOMIEAHEIT T 5 L OEATIIZE D H D (Morita et al.
2009) . F2B)IEEE DO E &G AN AR S
7T ARREOREICIRMHEPEE TH %,

A EA T FIEOAF ¥ a0 3~ Salvelinus malma
malma (X, EINTIZRER L 72\ EEER A a2 difgiE 12
DHGHS %o —HRIZIIR ERBICAERL, £ a0
I XD THRICIEEE OV A T F Salvelinus
leucomaenis leucomaenis (M%7 A~ A) W3 AAT 5
LE&NTWh (Fauschetal. 1994), > ama<it, &
BAE4kL v B A M CIRMEAETE (VU) 10#
ESNTWS (BEEi4 HP. https://www.env.go.jp/press/
files/jp/105449.pdf. 2018 4% 5 H 28 HIfERR) o T AT
FIEIZOWTUE, RN T & BT 2 & DA%,
tHEED A T F IO TEAMOHRE (= 3w A
T &) LIARTHEERDSS RSN S (Yamamoto
et al. 1999 ; Morita et al. 2005 ; Koizumi et al. 2006) o {1)I|
DONTHERE L, iRl oY 7 B o2l % 17215 T
<L R OFHBEORERBIZFZEROMEIZL S
A5 EAEFEORREE T 25 2 25 (Morita et al. 2000 ;
Morita and Yokota 2002 : Morita et al. 2004 ; Tsuboi et al.
2013)

INHA T FEOHEIIZOWTIL, FERED =T~
Oncorhynchus mykiss D ER 2 & 55 5HER: O MEH S h
T\ % (Taniguchi 2000 ; Hasegawa et al. 2004 ; Morita et
al. 2004 ; Hasegawa and Maekawa 2006 . Baxter et al.
2007 : Sahashi and Morita 2016) o LAt/ & . i 1A i
W) AR OEEOEA I L0 BRSO TR AN
HLTWLIREED D %o

=7 IR S R DI R A Bk
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DLEVIRBORROFEH ) B, DFD, BHELREE
GRAMIRIET B 2 & RWEEY ORI EOIRIZY
BN D Bo LIzhio TRMADRAK L LT, FHik
BB L/-BEORM R E05E 2 s, IINTOH
TRHBBEOFHBEOIEROBEEPEETH 5. WD
o BHEEIIERELIMN O BB E 2R T L ERAOND
25 ALEE T e 7~ R E OBE D » ) GFEORE M
RAFOA BB T 215 8IE 4 %\ 7272 L. Morita
etal. (2011). Sahashi and Morita (2014) <. Koizumi et
al. (2017a,b) 7% ETREAFOHEHRPTR I TV S,
L7235 C B AR O BUK 2 WA 2% B 0[R2 I8
L. Morita and Yokota (2002) @ & 9 2. fEAKREA enl
REPESTHT (PVA) 7% EVZBEDSD &) T — ¥ OFeE
bEIFNL,

Z TR TIE, BREKD S OFFEERAY 2 DNA 1
% (Minamoto et al. 2019) & H\V>C. i)l DFRALIZi
SoTAvanax, VA7), BrUF=U~vAENE
N JHEPHIZ B 2 ZepE e BT 5 2 L 2 HIRL
7o MIBEWNIRESE A 2 NS OAEBICAD R Y K ITY
EE 2 MEYORE T ZRAE Lz, iR Lo
HHE O TIE T — & PEESHEE 2 JLiE O F 04
THEMEBETEDNA LK D EWTE D L HE 2, mA MO
K% RLAIAATETA 2 FE N L. X RAE B O HERR O BL
RIEHR, TS B D FERE & B AR B R RE & L ChERE
LTW5 D0, 2 ildAaiz,

VA RR S
A

FAWINE, AFNKROLZHR SR 1, ¥or -4,
T oRINO3IE Lz (K)o ZTEDMIJING
OWTIE, BBORFFNIKARDOIRATOFEIZ L 5T
fiiFA A (2014 4F 2015 125 E) @ LT, R, o
TR CEREN Y Y aua<, =94 T7F, =V
T ANENERZAL S AR 1 4 Y a ua~od B
W=V TADPRALTHLET Al WInoHr
g OV T AEBH DD vt T v NI v
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Fig. 1. Map of the research area in Central Hokkaido, Japan.

A L TWize 20 &9 Z 0 OIS H D R
DNA 12 & » CTHBL SIS 2 ME Ly 22000 1A B
WsZNoOEBICEEZ G2 20 % BT 5720,
e LGRELL,

FAEM I, TR 112 EFEAD S Sitel-Site3. ¥ 7
F AN EFE A S Sited-Site6. AT v ~JINZ i H 5
Site7-Site9 # KE L 720 ZD 9 b Site6 & 912DV T I
TROWATH Y . BERREED A3 7% <. HKHLM 2 7
MR E O T & Lo 720 2N DA D 7 HiSI2D
WTIE, M ICHEEM AL, 20 L& T AR
KL Lze KA TOREY R S 2 EofFMIzE 1
WRTH, WERIC b AEITRBEI TV AW (M2),

REH SO EREEY

ARFETOMEY L. RED T (Ground still) . P
JEYE (Erosion control dam). KJSFEEHOBEEL LTO
71 V23— b I (Barrier with culvert) |2/ H S L%, IRIH
OLIINHOBFET EE LR ELIFEND 2 D%,
BNV, KERAOTIZ L - T, # E2sT
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REZLEZ HID, WHIESRIZ. EKT LD &) B
IRV R RIIDRFAETH 5o THDEVEET
HY . FEDIECE D ZMEHOM LA TH D, K
TIBBHORELE (B )Vx— b)) 2 Sited [ZfFFEL. T
AP BEIEE O & 9 R BeaETld A v aS, Sited TIIBFED
HIIAVKIE £ D B CRE SN T A 2o oM Fid R
THETH %o

RAEXNREO

JeilBIEt Y a a0 OMERBIZH2) . BN
TIEHTITH L L SN D, W)l EHERA A B 72 A5,
B ML B TN RS I T OFFIBE IO W
TiE FFll T = AR L TV, VA TFIZDOn
TE. TARAERRENLEHEID S R oN D, B
WBEICEFLEZONL, =V AIIDWTIE, FEH
DOACK TINS5 25, ALl Tl s R s E
PREEZ BND, BAHERBKER M FEM Z RS & S
T2 (Koizumi et al. 2017b) o ALifEiE Tl H AR L §
LrEZHN, BHNEFAEOERETH LY~ A LI
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A AL SO W AW ) DBEE 2 7R 370 B IZ DWW TI WIS FUED 2 Ve MEEEW D 2 0 Site6, 9 TR E . &YW O

TR FE0 L 720 s OFEREIL R O T (ground still) S Fi#ESE (erosion control dam) . 77 )L2N— + T. (culvert)
WSS, 72, Sitel-Site3 12DV IO REDE LD S Stream 1 & L. #FHIIIIRE 2

Table 1. Summary of impassable barriers at each site. There was no structure at sites 6 and 9. None of the barriers had a fish ladder. Details for

Stream 1 (sites 1-3) have been concealed for conservation purposes.

Distance from river

Distance between

:;i:z Structure type hS;tlrgu}; nzrrs) mouth of each stream  sampling point (above Al(t;;l;de Latitude  Longitute
system (km) and below structure, km)

site 1 Stream 1 Ground still 2.5 18.9 0.15 1020 Coordinates omitted
site 2 Erosion control dam 13 10.9 0.03 450
site 3 Erosion control dam 10 10.4 0.05 440
site4  Piukenai Barrier with culvert 12 2.4 0.03 520  43.640547 142.70614
site 5 Erosion control dam 6 1.2 0.04 470  43.638479 142.693993
site 6 No structure 0.4 No structure 440  43.633147 142.689796
site 7 Osarappe  Ground still 1.3 20.3 0.03 150  43.921275 142.364017
site 8 Ground still 2.5 13.3 0.03 123 43.874669 142.367565
site 9 No structure 0.28 No structure 105  43.686454 142.51945

2. AAEHIT DGR, a:Site5 DFE~FKDIKEE,

b

b: %KD AN D Sites DAFOIREE, o M FUTEEEL E 2 5115 Site8o

Fig. 2. Photographs of the research sites: (a) site 5, spring to fall; (b) site 5, winter; and (c) site 8, which is passable for salmonid fishes.

RGEDEFTHLEINT VD,

BAKFAE

A KA O R FHIBE O EL £ 2. FH %
#L7BROKRE A B L7z BRBEROBERIUL, 1+ FI
1AL Lzhs, AF0OMEE3 A0 1ROAE L
oo T, ok, MEME X RSN
T7O—FOHLEEMITLIEEREBLELIZOTH
%o LB OEFIR TOAFORETIIEET OB L -
TESTIE L v Dbhs, AKHFHAEL 2016 410 A
12 H, 201743 H9-10 H. 5 28 H. 6 H 28 H. 7
H26H.8H30H.9H2H. 10 H 28 HIZHEEL 72
%B. BEDNADOE 128 7 IVDH B, 201743 A
@ Sitel-Site6 D 6 H5IZBIT 2 FEHTHE AL Minamoto et
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al. (2019) 22HDF[HTHH H A M HEFOFA—Th b,
EARIZB T, BEmo LA E TETEREIG
900 ml D FRJE K & FRIL L 72 KT ASHASG L T 2 55813
RFUNETREHIT. b o & b HREHICITE VK E 7,
BIKH ¥ 712 1x. DNA O 5 B 1k o 72 6 #K &
0.01% DIFALN N a=y AERZ ML (Yamanaka
etal 2017), UHAFICTTAT 7 A N=T 1 )VF— (F
¥WILE 0.7 um. GENNVAT 7V x/80) % 725
BHBEIT o720 FOKHE T IZABIEEDEOEET > b
T—) Lk LCHiAKE 900 ml AMEL7-AMET T 7 2 fE
L. LBEOEETIRY > 7V L@k - 720 A
YT VATIEHE TR Ly M RS BAE Tk L 720
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DNA #itE & &' 7JL 2 1 L PCR

LA T 6O DNA T E ) Xy b (B A
% v 1) & DNeasy Blood & Tissue Kit (¥ 77 >) %
V7o — kY 7 BiBE DNA fillti2: (Uchii et al. 2016) %3
TUELTHEICE > UTolee 74NV —%F YNy
k2 — 72 A, 400 ul @ Buffer AL (377 >) B
L V40 ul @ Proteinase K (¥ 77 >) #hnz. 56CT
30 47 A v F 2= b L7z, @I X5 T DNA Bl
F L 72, 220 ul @ Tris-EDTA /N» 7 7 (pHS8.0) %
A2 CHERLZITW, 74 V¥ — EIZf&->72 DNA %
L 720 MU E 7238312 400 uL O T % ) — )V & Jill
Z+ DNeasy mini spin column (¥7 %7 >) 128 L7z, L
[ D $#1E X DNeasy Blood & Tissue Kit OfE#E 7 101 kb )L
o700 7272 LR RO 1000l & L7z,

)7V F A4 APCR® KL DMK IE, 10ul D
2xEnvironmental Master Mix 2.0 (r—E7 1 v I ¥ —1
A7 474 v7), 0.1 ul® AmpErase 7 7 ¥ )V — N
—7)avs—¥ (=74 v v—HA L5747
4w 7). FEUREEL 900 oM D 7 T — K KN 8= A
7T A < —, ¥IEE 125 nM @O TagMan 70 — 7, 5 ul
OFFIBELDNA > 7V TH D), 20ul ORISR TY) T
V% A L PCR Z£1& CFX96 Touch Real-Time PCR Detection
System (XA 4T v FFKRT M) —RX) ZHNTHEML
7oo HHERGRE LIMRERNL T T4 ~— R T 10—
71X Minamoto et al. (2019) OBFE L TFTOH 0
# M \wi7, & ¥ a3 w3 <:S malmaJ CytB F
(5>-CTTATTTGCCTACGCAATTCTCC-3’). S_malma J
CytB_R (5’-GTGAGGATGAGTATGTCTGCTACCA-3’),
S _malma_CytB P (5’-FAM-TTGTCCCGATCCTCCACA-
MGB-NFQ-3"), L' A4 7 F : S leucomaenis_CytB_F
(5’-CCCAGCAGGGATCAACTCAG-3). S_leucomaenis_
CytB R (5°-GGGTTGGCTGGCGTGA-3").
S leucomaenis CytB P (5 -FAM-
CCTAACAGCCCTAGCTC-MGB-NFQ-3").
A 0O _mykiss_ CytB _ F
(5°-CCCTAGTGACCCCACCTCATA-3’). O_mykiss_
CytB_R (5’-CAAAATAAGAATTGGGTGAGCG-3’),
o _ CytB_P (5°-FAM -
ACGATCCATCCCCAACAAGCTGGG-TAMRA-3"), ) 7
V¥ A4 5 PCR DRIGEMIE. 5C T2, 95C T 104
ONAAT v T7OH, 95CT158 L 60T T 60 F0 5
AT A Va5 A7k LTz, $XTO PCR Kt
IZIEPCR DMy ha— )b & LT, MR
H¥k9 2 DNA SR LE L0, BEary bo—k

= v =

my&kiss
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LCHIARZSHFME L2bDEINZ7, Shboay
— VL&, T_TOPCR FUSIEMEY B L3 THE
L7ze VT IVH A APCRIZBWT3HODEYEL DD
% 1 >Tb Threshold Cycle (Ct) 50 LLT THENEAERR &
N, 2o IVEBETH DL E LT,

2200

fEMTIZ R3.5.1 for Mac OSX (R core team 2018, http:/
www.R-project.org/. 2018 4 7 7 2 HHfERR) & H 72,
base 78 v 7 — TN Z T/¥ v 7 — ¥ knitr, reshape2.
stringr, tidyverse & I\ T7 — % O & £57TF %217\,
Ime4 12 & ) GLMM f#AT % 41T \>, maptools. rgdal. sp.
TeachingDemos % I\ > Tl A b [X] % i L 72,

WHE LiAEENENOLERIZOWT, — LT
BAEETIV (GLMM) X B 38T 217 o 720 1A BT
WEWDREEIREE & 2 ) TN I3 AR T 25 il £
HTREEAME T 52 O T RV, &) IR OIGEE %
ATz LT, WA =V CTO it & Tt TOA
BOTREMEOMEL RN T 2720, iAo Liih 5 o
NEF (%) 2R, DEE2ET 2, K
W T E OFIIERE LT, BEYO LT, Skt
FAGR LG ONEFE . FHi. ) 2 200z nz
NOTE/ ANTE, HWEWONET &M DTE ) A EO AT A
FARED LR EL G 2T h, 78y 7 — 7 Imed
W, AT oXBEOE ) AMELTIRELKE L,
LA OBREE A SHIHERE Ui ISEEHD I
ThbicH, UIAT 4y 7AHETIVEH Gz, O
&L REIIE T vy AR E L TllAAR, ARIBTE
WEHHE (AIC) ICX2ETVEIREBI v, AICH
BANDETIVERH L7z FHIIZOW L, dhiffE O
FERMEBEEIZTIHEZAL 5 HEE, 68 & H,
9-10 Hefk& L7z

ES

Bk A 5 0D DNA O HHER
FTrawa~w, A TS, =TV AD DNA Ol
WAy, FBZE, AT e, FHERITEIZK3 IR
L7z A ama~id, iR 1 O Sitel-3 12D\ T,
EZETOFEHI BV TERAEIN Db 6 71 &
N7ze ¥ 7+ A (Sited-6) T ITITETOFAEM,
B BTSNz 5T v I (Site7-9) 12
OWTIE, A v anavomllidefds LTiddhro
7ohs, BEFRITF TR Sz,

i
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Fig. 3. Map of the research site. Water sampling was conducted both above and below the structure, except at sites 6 and 9, where
one water sample was collected because there was no structure. Environmental DNA (eDNA) for each species detected at each
river. Detection is represented as the number of positive replicates among three replicates for each eDNA sample. SM, Salvelinus
malma; SL, Salvelinus leucomaenis; OM, Oncorhynchus mykiss. (a) Stream 1; (b) Piukenai Stream; (c) Osarappe Stream.
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IA T FIE, TR 1 O Sitel-3 1I22WTld g Eit
O Sitel DAt Wi & RO FAE A S A 12
##b%f A &N, ¥ 7+ 41 (Sited-6)

VTAEIR A 0 L CHRMANIEE A RSN o o
ﬁﬂ7vﬂm(MM@)TiSH#%6H_WHT£&
TR S e,

IVA T FIE, LR 1 (Sitel-3) 12DV TIER LR
? Sitel DAk 6 HiE & RO P & BRI IS
b S FITITERMH & Iz ¥ F 1)1 (Sited-6)

VAR 28 CTRESIZEA RSN o7z,
T v )l (Site7-9) TE3 A0S 6 FIZhFTEIC
TR S e,

SV AL, LR (Sitel-3) 2OV E T
FORAEH D S % B S Nzhs, M EATE 2 2R
HNTro EHIZ, a3 0IYOADHEIN TS
Lo Sitel 1IZ2BWT, BEFII—FMibsniz, €7
F Al (Sited-6) TlE, @ TCOFEHIZB TR S
72o AT v NI (Site7-9) 12DV, 201746 H
25 10 HICHi & TROMAA Tl Sz,

HWTT o BLU, PCROBEMT Y Fo—vidw
FTNOGERIEE RS 2o 72

GLMM BT D#EE
FTyaua~vw, TIVA TS, ZTVTRAIZOWVTD
GLMM DR ZFRITRT (F2-4), WMEWO L TOE

F2. A aua~ol/ IEREIIET 55
VRADENZTNORIMOF ., FRAKFH
EW DN & ABAE A 5 D

SRR O
FAAEH T O L5 a5 O, FE&Em o L o5l
SO HEERE Lze T2 5 DFIC
3H%%\SH%%\@SH%E\%mﬂ%ﬂtLto7»%7»LowTAm<%M%ﬁ%ﬁﬁ>K

ZIZOWTIE, WINOETHEIRSIN L o728 %
vanaxBrloYv AL, VA UFTIEBEREN
TETIWIGEVWDS R ON £ a0avTIE=U <A
DB FHI BEDOIETFOETIVAERSN, =¥
YATIEA v auavogB, FHi, HEYMONEFEOE
TOVDSEIRE T2,

Franavb VY ATIE, BEVWOFIEIZDOWT
RBSIETH 5720 FHIPSERSNTWEDS, #2301
IV TIRMEEBRENRED o720 =TV AIZDWTIE,
Bk A& BONRIZBIBHERD = LW ) R E 572,
ERPSDINEFICOWTIE, Ay ana~xTiEERIZE
RSB W OSHEERR S K E Do lcs = VY AT
Tl ERREER DS E o T2

—FH, TIATFTIE, Ay auavopg, iy
LOPWEMADONEF L, ¥ anaa~ < JifiHmo)E
O HAEROETIVSERENIZ, T4 7 F12x L
Ty ZVRAORBEILERSINT, REOHFT LD 4
30 I~ & OBIZHRIAY 2 BARARIE S L7z,

IRiE DNA REDHERME

ARRFGEICHE L Cld, SIS X 2 PR ORI R &2 M
A CHAMINZEEL72e 20 BiAS PHICh»T
THBMEAMERZALS 2500 AR 1, Ayanave =y

P T GLMM AT L 72f R SINERId =AU F e =

TUVEREERL. TOMREONTET IV ELT

Table 2. Summary of the general linear mixed model of the effects of environmental variables on the occurrence of Salvelinus

LA Ok
IR 2 AR AT FHIIZOWTI
L 5E

malma. The explanatory variables for the full model were occurrence of Salvelinus leucomaenis, occurrence of

Oncorhynchus mykiss, season, site number from the headwater, difference in detections above and below the structure,

and the interactions of other species with site number. The research streams were considered a random effect. For the

seasons, winter is March, spring is May, summer is June—August, and autumn is September and October. Model selection

was performed using Akaike’s Information Criterion (AIC).

Estimate Std. Error z value Pr (>|z])
(Intercept) -1.9292 4.3262 -0.4459 0.6556
O. mykiss 8.3600 4.1474 2.0157 0.0438*
Season Spring 2.2839 2.6161 0.8730 0.3826
Season Summer 3.8278 2.6198 1.4611 0.1440
Season Autumn 0 - - -
Season Winter 7.1286 4.5712 1.5595 0.1189
Site Number from the headwater -1.2111 0.7771 -1.5585 0.1191
AIC=53.1
*p<0.05
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Table 3. Summary of the general linear mixed model of the effects of environmental variables on the occurrence of
Salvelinus leucomaenis. The explanatory variables for the full model were occurrence of Salvelinus malma, occurrence
of Oncorhynchus mykiss, season, site number from the headwater, difference in detections above and below the
structure, and the interaction of other species with site number. The research streams are considered a random effect.
For the seasons, winter is March, spring is May, summer is June—August, and autumn is September and October. Model
selection was performed using Akaike’s Information Criterion (AIC).

Estimate Std. Error z value Pr (>|z])
(Intercept) -4.9591 2.1778 -2.2771 0.0228*
S. malma -2.9758 2.4148 -1.2323 0.2178
Site Number from the headwater 1.3308 0.6004 2.2166 0.0266*
S. malma x StNumber® 2.1720 1.0587 2.0515 0.0402*
AIC =952
*p<0.05

a : interaction by S. malma and Structure number from the headwater

Fa, = U A0 IR T A BIREN OB E L GLMM AT L 72K SINERIEEA v amaxe T
VAT FOENENORIEOE B, POKER, AR SO BT S O, Yo LT OB, Ry H 0
KB DN & AMAE A S DFBOLHAEH & Lize T ¥ 8 23RIITIHIIN 2 Ml AR A TZ . FHIZOWT
W3AEL SHEHR, 68 HEHE, 910 Hafks Lize 7 VETFT VIOV TAIC GRibEH=HRLE) 12X
LETFIVEREZFER L, COMBRONTZETVERLT .

Table 4. Summary of general linear mixed model for the effects of environmental variables on the occurrence of
Oncorhynchus mykiss. Explanatory variables for the full model were occurrence of Salverinus malma, occurrence
of Salverinus leucomaenis, season, site number from the headwater, difference in detections above and below the
structure, and the interaction of other species with site number. The research streams are considered a random effect.
For the seasons, winter is March, spring is May, summer is June—August, and autumn is September and October. Model
selection was performed using Akaike’s Information Criterion (AIC).

Estimate Std. Error z value Pr (>|z])
(Intercept) -3.8843 2.3882 -1.6264 0.1039
S. malma 4.9470 2.4380 2.0291 0.0424*
Season Sprig -5.0100 2.0477 -2.4466 0.0144*
Season Summer 0.2586 0.5851 0.4419 0.6585
Season Autumn 0 - - -
Season Winter -4.2086 1.9156 -2.1970 0.0280*
Site Number from the headwater 1.1127 0.3725 2.9874 0.0028%*

AIC =105.8
**: p<0.01; *: p<0.05
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