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Abstract
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ChapteGefmheral Il ntroducti on

Freshwater systems ext erKd eaucdrzonses s@an aeda
2088nd provide numerous beflkedarntsr itbouttihomrsse t

ecosystems maleidnmrge hdiedaiorsgudd t &£#3ma rsce revn c®mp a s s

provisioning, regulating, maionuthngnamade Paondé c
2018) . Local and regi onal Pecoopmneusn,i thieense f iitn cf
cultur al (spiritual, educational, recreat.i

ecosystem servicBsafdasedquati @ 0ehBFEMY Ht;, e ms
suppl gan water, filtering contaminants, re
from erosion, storing ealt dWaddcewardd p2®&9 .,di n
Kreutzwei ser The alkal 2018 aquatic 9y st ems
ser vairheeavi ly dependent on adjacent terrest
particul arl y styrsu,ee nisoirc hh eraedpwae seent t he begir
(1st and 2nd order streams); alosbhéeough t hdi

cat cth ma&mhiecdal e 6,t Mely.er2 0aOn d;, VWad nhia @det2 2a0l0.

He a d wsattreeragnt € olnignnkyed t o their surroundi n
angl ay a key cryocllei nign innutfrrHesndiwat er sspas ee ms .
i mportant source of cool waters, sediments
sysd(ewn pf |l i et al. 2007, ThMadoDemkddwamd op e
transfpocarbon headwds emsoegdary to the trar
aguatic systemsHe@Awla®frise ra shheaadxid2y )h.ave coo
temperaatmes ed i n pr, i mardy rperceedasMeet dloarrtgyee i@ np
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caus
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ct

ed

ing
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i ogeochemical pr oceysstdesanfssod d art u torni e
y insecal gatl bbic akssysstndcasetadgsned amut r i e

and dissolved(eomggan Wo omantatneret ( RBOM)

et alldu 20t24BleavaPpduncmamtpe export of nutri

flow of car {dNmidnawmn £ttt @damigrhd® 9@ u baradk s
Peckar skyga@gl 810 pOtCdairn adoaréesal , ant hropogeni c
such as mining, road construction, hydroel
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i mpacts on aquatic systems (reviewed in Kr

i ndustritahziamng iompaoctei ngol ated water bodi e
al t esoat ihoydr ol ogi ¢ and biogeochemical fl ows
and contaminants in aquatic systems (Webst
di sturckheoces within the same watoasrtsrheeadm b u:

systemsgt awed(lbwstAdsdanes and )JLeroux 2024

1.1.Anthropogenic Disturbance: Forest

For eisstirggportant i ndwstryDddiil@lgindgn at o t he
countryods Gross Donbe2s.t iCGCanRardeedpsot t § GO® Mt r nb i
$17.1 billjwirdiAivant dtleet atr adebue dewyi expofrit eam
pulnpwsprantd sof t(WRECENLIZM@ER@MNt ari o, approxi m
hectares of forests wed@,haownesti dbdtimg20®23
the pro$bnBebahdi on t(oOMNMR4 KDb2dnrt doarles tGD B
the | argest foreetimcroenpiadrsitopotoldautcprn ovvei f oe e
( OMNRXM2pDespite i ts econiosnia majeerf ditasnd f bae:
t h@aan I mpact adjacent aquatic ecosystems ¢t
strusbutecondi o g@®@oanchaeamaoadV e relyanaddfdg ,

groundwaftweevi Kweditizwei ser et al . 2013, Kr e

Foresecan affect headtWwangtehses yheytdernosl a ghircoaul
(Kreutzwei ser et al .Lo2g®i8mg aMetbiswietri ees wadct
operati ons fcloogwpeascrtesabsioknegp € e mmdeadbu diing wat er
I nf i I(trreavtiieomne d i n PHocrcehsito celte aarli.n g2 Oc2atn)l .r e d u
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the interception of rain, wultimately decre
amount of precipitatiheset mdfoenge avda ht érs rfudrte
by maclheashdngreaskedmoi st-haeykewh et npazsaunl t

i mor e r un ovfaft ,ergayeadetifeassft eelrl dwionmgs preci pitati
(reviewed i n PAsccshuicoh ,eals sail v. es#2idie2gjg)leada & r

hydr ol ogi ca(lr ecvoinenweecdt iivni tPyi cchi o et al . 2021

Stream wat erafduwlcytieltdgtghgricomiggbhe changes to t
anidncr dabedsadisadindt nattro ehdts e ammanopysi cover
war mesadsorlkeam t mpwirealteud ritisnwei sa Waemenl . 2 (
temperatures and more wetted areas within
activities fueled by increased OM, such as
al . a2l0h0e8 construcoaosshogheecasedi smmeneamson i
(Kreutzwei sEur esshee przz@p®s)at evetbemd ngutanidng
trancfpose¢edhinmlenbsd (agipirtireongtgso sprhddr us), as we

DOC and oOMé aevealt eKseut zwe0Og&8r et al

Freshwater macroinvertebratesamadessewnsi
as bioi,ynahectaetfofresct st lmé io Mmuo mintdr gopsnorecosy st em
processes, such asaifemafi YI&ictatluerz wieae cscemp cesti tail
Ri char dson anSdt rBe®rma ucdoaninflulndi §toi seyss tmem pr oces s
respond to forestry i rmduc e dasaahialfagheig .ittoy wat
Haefner and Wallace 1981, Stone and Wall ac:
2007, Kreut zweRorerexampalle, 2980drbirfaincoagnytd croevdel
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el evianpadt sni t rfoagvems thragyla gna lo d uacntd otmacr oi nvert e
t hat bied fyi loems, ((skcirfafpreerys )et al . 2003, Engl an
G°the et idher200nPIuosy bheOMpasisictapien a hi gh
abundance tafx adh@lol¢atatroarel et al . 20®)7., Kreut
Increased sedi mentati on afnavidabpxwee rt hdaits saorl ev etd
di st ur bahcierso n(pgmigdha enfegat i ve Ep hemnedarso ptne rsae,n
Pl ecoptTeria,h pdarP(Ee .ag . , Death et al. 2003, Ma
201Additionally, leaf I|litter decomposition
i ncreased sedi mentation (Ktest oweider eatseasl
Lecerf and REctazaisb@eRBdBozAaA@ buet Siade. M2 0 2

and Mal mgvist 2009) .

| Canababeal zones, the eanfafceg otisn veefr tlreadr\ad
communities remacompaoebytondehsetobdrest r
Kreut zwei seGe redreadblflec,2618) . harvest in Canad
from none or few, to signhbBrevest deelVi pave d
Kreut zwei selfrhetvaarli.at2i0olm@3)i.n r es pomeaiafditaw h s
may be | ong term KiMautt zwe ipgSe ade wo2dni®EZo2n0 10
regions i ndiod a tf e@ornelsstinaye ad M e o vceor mneubnriattiees ar e

l i kely ampliiftitredgriematsdrmr efaansvevst i Maramrd leé s s

al . ROWKgl.d a8EmMIDozain et al. 2021). As f ol
i ncrease in the region, there isstraecameed to
commungiitvieens t heir i mportance in watersheds
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1. 2.Best Management Practices

I n Ontario, foresters employ best manag
to aquati tJegbaemseemal. 2003)-hamdeshey ame
near streams to create buffer zones, harve

debris on sithartvesdecrossoonBdEs | st ami leit z & |
stream banks and mmaiimitmaii ni waterogiuand idryd bfyi
and nutri eGrtisstiann r&@tnmaoalifn d2 @t eV deamedyp buf f e
mai ntain all ochtrlreaamesuwys hidt pu tss rfe@Imi 1 eimpler at
19 8Mmaives and Nl Ot a¥r9dP4) st r eamss awiet hofat en
mi ni mvumotfhmM3 0 St udi es hamewische wni garaitaB Obuf f e
some effects of forestry disturbances to s
environment(aSweceonnedyi tainodn sNeewebwe ma 2@dad ) .

headwathke safnffaeys sle@e .mp.chi nery excimayi e zon
hi ddgncanopry a@abvieow fl ow WYWiRerm hmapgpgiomg aingl d
2007; OMNBRTIZ@®YG®) narmomey rndtanprldbvi de adequ
against har(weeset iJnygw 2esfjfahcvidsemsée uali e s2 0 2@) cat e
ri paruifdredindmagdequately protetcNewbokdmetoam
1980, Chizinski et al. h2a0e0) dralbifnmdhadtveslit e
on basal resduwrade lridltimac cdeicowm@rotse b i @athe com
compospietriiopnh,y t d m olrigeama s s edanmde nDO@wetpsosi t i or

(Kiffney et al. 2003, Kreut zwei se.Gi genal
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tiheari abmbomrelk i s needed to understand the e

mi t i dhaatrivregsitsikng o stream communities i n bor e

1. 3.BeaverNatag 8 ubbance

Beavaerres consi dered ecosytshheyiohrehgigneeat sr &
through the const rcurcetaitoinn go fp o nndp ocuonndpn eenxt ess, &
areas by damming | otic swisttle msulasaq ud mto dii my
downstream bi og(eNoaci hnearmi ceatl acly.c11e9s94) , and ec
al. Beagers are ubi qui t punsp oaucnrdiensesnittt h e sb cwrae
exceed 10 pdrenigfidao mast pabredmine c tviI8t6h har vesti
acti vihei éel ling of riparian trees by beave
caused by flooding i aanleiragslietu c @@ mi&nncorpdya sTad Vv € r
temperatures . willhdndschs geeat eni psi mary produc
bi omaistshi n st eaeseni gcfturdglheezs@2 V)o.i rs store a
amount of OM in the form of trapped woody
(Larsen etamdeca@g2lyroupled with increased
war nsetragnant , ancdr edaeheepeenrv immaatremesnt t hat supp
mi cr abit & Mietv\anoni . eThase 20O0tlbyities influen
cycles ,of tcagkan andamdhhdeorwneslterneeanGipsok ¢ et al
201F9r example, beaver reservoirs generall
(Ecke et al. 2017, Larsen ef{lLalul d2ead) etba

2020) ncreased OM transported downstream of
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consuméi ance on this food source and subse

Rosemond 2010, Fuller and Peckarsky 2011).

1. 4. Mer cBiiryaccumualiatmaognni fi cati on

Mercury (Hg) is a contamptnhake ao@rfdgtl ob@hi
transaf eardf o@atdicceenbshave negative i mpacts on f|
Mercury i s emitted into {1rmer aurmo,sfptHhgei G) (ag) ,
both natur al and(Bnt bcopbgenial so@dbtdy. Hg
via at mosphandidichdedepossiittadnon the forest f1lc
ldccumul as esf and{ Pameyssebrad. 2bB¢ Obri st
can be transpagua&adi v i eccohs yesstf dwrestd asnds, beav
impoundment s, a,whilcedhk éh asvyeediameaearetroobi ¢ condi t i
transformati otnhrodugdgmomigamo @r ¢Hagne dsuntsi nsgu c h a s
bacteritad ( $RB)mobrieor d iolxatwmeamet hyl mé Kconpe( el

et al.. 2016)

Bi oaccumul atimywhieht der pamcthg ééth@& i ac c u mu
ti ssues,woxdmstuime expprsiumar it loyhMedglhradiideg t
regul asatteeecdrlay abifatci{dvasndd ebThti s &®LI03L vari
Hg accumul ation can be frRa-Miact ey edFoadl | akd.
exampéel,ands can serve as source of MeHg t
streams with a higher proportion of wetl an
MeHg bioavailabi |Beayondwatridi £,t vadt er20clltDg mi st

| ower pH, el evated DOC and agueous MeHg co
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associated with hi gheirnvHegr tceonrceetnet sr a(tJi aorndsi n( e
fish (Watras et al. 1998, Hememassdhmedondal
primary productivity, andekirfehheggie caoansomer

predators (Wairtdhien tad ad\Radtledrys ,mocsotnlsyu noerr sal |
food sources such as CPOM and FPOM which t
autochthonous food( 3amudicreres atucd]l aosf2®1 D) i | Ans
consumers are often correlated with their

of carbon afrer ai diesretfiuflyitrogp chinatrdamy ¢ &@r coms:s

[ Hg ]

Bi omagni fhigcradd eosns iisn twhi wi t[hMeHige]lh it moorpehe
|l evel wepbadufilotddodiebiute nice pihhtae 320 1B ea l
ratMeldd bi omagni ficati onatsime fdblodpayeddsansf ot
[MeHgd f ood s our c e sr eagnrde scsoends ruardeat itsmosptd i tch epiors i t i
(determined using st aebxl per endilsNg(dCdaesry diesiotedp el v
201B)beoaccumihlestei- rseh foeprerderdo pthoi casMagni fi cat.i
(TMB3rienf | uesmcedypdtyesime mi cal chlhaaciteretstals
For example, TMS may be positively correla
phospamwduasat mospheric Hg deposKitdonet{ Lalvoi 2(
Addi t ihoingahldryi[nHgwad esqgurfces, or | ower trophi
not resulHghi omagevaidetFioomrstatees al. 2007,

Cl ayden et al. 2013, LavdBieddthluakiesehg © 13, S



Ph.iCeline M. E. Lajoie Mc Master Universit

bi omagni fication rates, as it can | ead to

2002), reducing the amount of Hg that incr

1. 5. Ef feétlasvoens tiygn a minc St r e a ms

Foragtvelmti hgi ti esheahranepeaseof Hg fro
streaadisf dacntdiioaccumul ati on amdulhiomaca gvreibfsi ¢ a
Thaecreases compacempere sadiugtesmrwee !l | as addi ti
OM fromgi ngas|l asdat e atnhoaxti cf awoudri tHg nset hyl
(Bishop et al . 210M0®r, e é&ska P fiHgenlo dadlnadn 2t 0ok 6DXDO Ct o
el evated aqueous nhNMahg |s tdrdeeedmsanla nyaer armess tp o s t
(Porvari et al. 2003, Skyll bEFgvatedl aq@aéebd
[ DOC] correlated with higher ibmoharcvédgédh
| ands(c@erecsi a and Carignan 2005, Garcia et 8
sede Wit etHpgahle.r 2 0nlpduytds iorf o tOgva 13itfcodidgosvi ng
harvest magpiMaHgruddhucct i on (HHdamgeeti ay . aOI
may also shift basal resource availability
autochthofWdd ackreb&Eredoadien2@iadaleri ng const
exposure to MeHg; for example, increased r
may sti mul at ¢ dbei oNiitl BEigeladD wtdmpar i ng str eams
clear cuts with and [wligtehroeu to bbsuefrfveerd zionne s,
macroinvertebrates in streams witifsoutalnuff
productivity2QWe) ] aCaeverselay, el evated pri

harvest edc dlrermaddls ctopdower [ MeHg] ide W ot &tdu

10
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al201[@4KWg] i n waterad ,( Lsaediemeratlts (HWRang et al
sources (Negrazis et al. 2022) can be high
harvest. Beyond this, smaller buffer zones
stream biotagfromki (6oVi ehaetteH et al. 2019)
still be observed i(nChsatrrbecannmse awi teht 3a0l .m 2b0u2f 2

2022). Effects of forestry on Hg biomagni f
dependent ot emaslidegegt ialkgomagni fication rate
streams Wi thlarvieghe( N&g,r aaznds weitt hadut 200WR2f f er s
2019) . Few studies exist quantifying effe

compari sons-anfd dpeorsat@emds mroendi ti ons are scar

1. 6. Effects of BeawgnaReéessrvaoai S$r ea msl

The effbeavert hathanowoti rresg nedaynnnainrircosr t hose
forestngeed, the fIlbyo diecaryesatse uipd anan cdirteiasn
can enhance MenHlg apwaoidluachtiiloint' y within the re
El evat ed w[aMelrgi]s ¢ ol | et al. 1998, Roy et al
201péri phayd omacr oi nver(tPtabhmatce prteddt or9d15)
observed downstream of beaver reservoirs,
no changes i n erev.igiounl ndeinetnad Ed[fMeaHtgy 20 20 ) i k ¢
dependent on the age of reservoirs, as ol d
compared to newer daAnksdi(tLicdommantomi {uugtdset adefa m2 0
to downsattcren@gsieBld]i kied y | andscape dependent

exampt ieer bktamaltsclagpwe | ower baseline MeHg ex

11
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experience | &vegHeghko wmsctrreeaasne so fi fillbeaanwv eert rad ser v
20240 )X .hough beaver damsxarsd ,f omé yt omar sa td
knowl ecexea mh ased mbheaiidred ct s. 2 Qe teetr maln.ed( t hat
effects of harvest aothsedemedwasesnbh phMdHY
downstream of reservodirveeni n hhea tsweasr ecea d oyh aoNd
dynamics in dammed streams bienuredre restt &mdd atr lee

combined effects

1.7.0bjectives of Thesi s

Thi s exheensiinsed t he effects of forestry on

and |l eaf | itter breakdown in headwaters, a
beaver reservoirs. Overall, this work prov
streamst o ewipdbensdpr ead natural and anthropoge
across watersheds. This thesis addressed t
and regional effects of forest@ndateast | ont
decompmo si bioo e al headwaters, 2) effects of

stream food webs, and 3) t her evenbvHogierds ef f e

dynambos eiah stream food webs.

1.8.Study Areas

Studies within Benhtivee & m2e@h 159 hiwwke ptl adt ea n ¢
harvested | andasrceagle srNavg it hwasitern Ontari o:

Ken

o

r a Crheagitcemr s()2,an3d, tahned T4h uCrhcheprt) éBna yb ortehg i o

(¢
o
o
-

egions, forestry 1s209f) mpamg awitt hind utst
12
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Table 1.1: Characteristics of Lake Wabigoon (Drydeenora area) and Lake Nipigon
ecoregions (ThundeBay Area) in which study streams are located. Adapted from Crins

et al.2009.

FeatulLake Wabigoon |[Lake Nipigon Eco]l
(4S) DBKreyndoerna Thun®#8ay Area

Clima|Subhurmamsildwon Moinsithor e al
bor eal

Geol o|Precambrian gnPrecambrian grani
and metavolcanrocks with green:
ground moraingshale; character:]
deposits, and |gl acial deposits)|

Landc|65. 3% forest (23.5% mixed for e}
23. 8% sparse, |(fork%t1% sparse f
coni ferous); wvdeciduous forest |
cutover s: 4. 99

Tree Jack pine, Dbl aBlack spruce, whi

Speci |fir, tremblingtrembling aspen,
birch; southerlareas feature r e/
bur oak, red nboreal species.
mapl e

t

he

wEedi hahlhe

Uni ver sit

L a

-

For est Bomti h vin@g@ snt er n

Ont arainya e eu maeragere

decades of |l ong rotation forest harvesting
Bay regi othnhear Bl ack Spruce Forest Managemen:
straeamse DKgnaemga owi almemh t he Wabi goon Fores
Forest FMUs. FMUs are managed by the provi
and must include forest management plans a
20B4 To ensure sustainable forestry, FMUs
Managaem Guide for Conserving Biodiversity
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Dryden FoamWatb i ghbsnt hFeMésr aver age mpwmas est v
pri maompygssepd UBfE. 86, | ac k% pa3Intoe)sd Bd . 2

popl avw ARBW)HEOMNR 2M2Ah)in the BltaltdgeBpruce F
average harYeswtasvelraimar(my4 2%)Mmp opsocepdo)agrf (s2p2r.
j ack 2@by6e ndinxde d (wdid OMNR B2 GRven boGhstegiyons
of harveagoti ngndhaosmwestingKacoi ai aneésThbaumee Dr

are ideal for studyregiemescstysteinsf orestry

1. 9. Knowl @dpgseHg pdt heses

1 What are the regional and temporal effe
communitiesdeaeodmp®daftlonter

Effects of forestry onamdclrefercwenptoaesdrn d toe
i's eqandoesspaectceiffibcavt udhef€anadadseber Eaéut zwei
et al Heaf@wada)ers are particulasl|ltygday ri sk t
terrestri alFuratrhbeornmosroeu,r ceefsf ect s of harvest
di fwietrh harvesting intensity and riparian b
Erdozain €tvah.tRaLll)espoasygswbarsasatearmss tn:
(Martel et al. 2007, Johnnostomomeeyr at and0h?dw,
boreal streamst ampproanldl t ocarmdracersass | andsceé
vary nahusal byparticularly i mpwhedasti nhaNo
devel opment is(Kaneputdtzweiex@PlapgtoetghtidZeez0 53)
addedfhiese gaps by examieegieofgfad chtes toefmphoarav e sat
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wh e tnhaecrr oi nvertebrate communities amadhdl eaf
po-htar veswpt i eaams esmmbhademeatt empenalatnfdes (
amosmpxt reams in h-havesseddanbgniiBa-hhbgpsested

streams throughout the region were also sa

baseline conditions of boreal headwaters i
macroinvertebrate communities would be | es:
specitsndueases of OM, and that | eaf 1littel
hi ghesofi nspeudti ment s . | further hypothesized

t he enotrepsamvedvsat edshed with narrower buffer

degradation in water quality.
2What are the effects of forest harvest

Loggamtgi viitnicerbbddogaerr i sk ftoo dsvwreasbacnhang e s

bi oava, |amhd | btthga lett ariyng@ x po s(Wirlel @a¢ k €ero nestu malr .
Negrazis et al. 20223Md€hhapbhoamteaneetonbdxi 2.
i ncreasd riers hlwam eeanle r lv yepsotsiensg si gnibbit damwi | di $ |
and human popul atiTondatbkat f ewn s uardfi eeastssh aovfe
forest Hgbhriweasctcuanmul ati on and biomagni ficat.i
Wil l acke® ehaalb.onnllau et al ., 2022; aNesegmatizie
to the best ,odmmar kmo-ainfeld-dpatsy epsrte (de Wit e
201Béyond this, onloyc counrer emiifa dtsth dilsaene satl u d iegs o
CharbonnealThda pdr.c emMtaa gyemgude dau fefaer zone wi
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empl oyed dwuwrainng |l hbencestHg ri sk to streams (
Huang etLarm .et2@&aA4 s2u0cz2h4, t her e ihsowa enfded ttso
of harvest infilmemaere &dlg dtymeaams,s and how 1t}
watersheds employing diGhaep3eamy memaines mmerst

t heef f ect s oiffg hharovaecsctunmoun ati on ahdr besmadnah
nomar vested wamd rdsyra daigpaorswest within strean
di f ffeoremadntagement |l i hy pot i eHsgd 3 exsfd Uframeeds ,t hei r

consumers would be higher in harvested | an
and | ess protected stream due to higher in
predicted that bi omagnisftirceaatm$oaw ivrieastiteesd wo u |

| imcapes due to a highert haévioaoid aweiblsi.t y of H

3. Are effects of harvest and beavémodeser
sources and consumers, and biomagni fica

Forestry and chaena v etrt ereedssearnvsofierrs of Hg t o s
changes tsot rfuocotdufriee lititgmodoinl if z aitmiroensand oi | s

met hyl ati on wiAlhtimoudte H atnhbsdoiagrteuwibtanicre st hoe
their combined effects on Hg dynamics in s
Chapd4aeddr ebs sesknotwhedgamgapng the effects ¢
Hg bioaccumul ation and biomagnification in
nomarvested|[| Hghdestapesd sources and consume
rates were comparedhacvessettaraedsedpasd o
dwnstream olfthymped dtrehsmiftifreest.t s of both di sturba
addiand ¢tHgal]t woulsd hlme dhisplhue ces and biota, a
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| andscapes.

1. 10Management | Thelsiisati ons of

Even though atmospheric Hg inputs have

a signifi ctanmtc chrenad e idtp ke sssktl liNha tNoorntshwe st er n

(Philibent dthmblers202Zdnti nueshteamapadd i n
Il ncreaseadgaticskbit@ota and humans. Whil e f or
mi ni mize environment al I mpacts on aquatic

effectiveness in mitigatihtwgamHg et.TSKki 5 bad?2 &)
thesi s povoegd dgeseandg.,araxeagsmipoeat i hr @edmhow

communittwoe swaotfer sheds di ffieemsndgbuhf @:marzesei
respOmapsttemandhiks work i s part of a |l arger
provfiadreesst wompaasesthmeaitfetturvenes8B8MPEPE i1
mitigating Hg risk to sedi mentsa(Honadnbdi et a
Chapt)y8eydndortehsgtsr,y aiismoOnetnaurliaot e and not exc
di st urabnadn ctehsi,s tcloenpiageddfieraetcstoltymo nd insattuurrbaaln c e
beavese)j)@oap3dhi 3 research provides new an
on how mercury cyesclyss emsytal@isnl sthon emalt hleotdiew e

harvesting guidelines to minimize Hg ri sk
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that effects of harvespeaiéili,glaing wayi dlel

streams with mini mal protection.

2.1. Il ntroducti on

Due to their smal/|l sizes and high surfa
|l inked to the surrounding terrestrial | and
sourced from riparian areas (Vannote et al
Dmehy 2007). As forested headwaters are he
t @ starreeamhs mited i n primary production andc
l nputs of coarse particulate organec matt e
(Richardson and Danehy 2007). Wi thin headw
CPOM (i .e., shredders) are abundandowmnd a
CPOM into fine particulate organic matter
i norganic nutrients (nitrogen and phosphor
downstream food webs (summarized imrsFerrei
that affect stream communities and i mporta

breakdown, can have (degggnmdozaiam Bonalkequ2dZzEe.

Forestry represuesret sdias tcuaormomnc el amd Ont ar i
can alter aquatic ecosystems through chang
et ala. WeOb0s8t er et al . 2015) . rReendouvcalo iodnnsd i n
compacaused by heaveysvartaenrfii h ¢ r a tf roed umeolrleo wi n
precipitation to reach soil surfaces, and

precipitation events (reviewewat ear Porcrcehi o
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materials (inorganic and organic sedi ments
reach streams following harvest, exacerbat
rutting (KreutzweMascerroientv earlt.e b2rOalt8e c ommuni t
can be i mpacte(dKbgut hwesiesehaamtgeasl . 2013, Ri
2014, ErdozaihRoetestérs20mBl)loy best managem
reduce idmpwancsttssigeoanimi ¢ ecosystems (OMNR 2010)

| eagvinhoanr vest ed areas near streams to creat

the winter and | eaving whoardwe dte beri s iomn s(i Cr
2016) . Il n Ontari o, snt,a nbduatr ds obmef fheera dwi ad tehrss
overl ooked in management plans and are oft
|l ow fl ow when mapping is done (Richardson

recemvma8hi nery exclusion zones (OMNR 2010

mitigaeichg enhy depend on the amowmne of wat

wi dt h.
Forest harvesting can significantly inf
abundance and availability of basal resour

energy sources (Erdozain ethaalv.es201 %,crWialsle
periphyton camstdi édyt s nCKreastemdieg hste rp eent e tarl a
casmhi ft consumetrr e@mimmaccudtoi vinty favouring
Lowe ;5006e e}Y. aThe28®®unt of FPOM within a
i ni ti alalrwepdst( Gurtz et 3gl,. cha&l,e gKiafbfumedya na

of coll ector t axaax pldain eeaasteedleceaanass i n shr
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(Kreut zwei derL eachedrafRi cBAB08Bson 2010, Will ack
potentially due (G°trraugb(dBme2@@LP OBt al

Studies have shown that or gand.s,msChaiirtdn aminc
and Baetidae) benefit from efféWablatehand

Gurtz 1986, Kiffney et ))al. 2003, Ni sl ow an

Macroinvertebrate c¢commurmirftedretsheamdi g actye

changes in water qaureehiftuenaed bDhebarvmpacn
BMPs empl oyed. |l ncreased inputs of sedi men
di ssolved oxygen, favour disturbance toler

negative effects on seansiPlievceo pBPeTr at,a xaan d( ETpr
(Death et al. 2003, Martel et al. 2007, Re
promaoar toif @uhterentl f eeadamgclgamogue si N FrFeGsp o
harvesting effects on wagetrheruerls tiync rFeoas e .
to increased inputs of tcecaderestkenrnisael (Kafboey
2003, Smith et al.a2qQbdutKi BredamaeciMa | entq va Is.t 2
Kreutzwei selrnceeedecavVat @d1l®dacroi nvertebrate Dbi
reported in harvestedal apdatape®.igpnp ,baspbn
Newbold et al. 1980, Wall acdoawaadawsaonbdomi &¢9 8
ri chmaeys sd potl iendtuiea Inloy eas ed s Krdd unteznwe ii negrutet |
2008b). Changes are |ikely dependent on ha
i nt enmanwaeded or with a grdeastpdrayp rgapeoartteiro rs hc

macroinvertebrate communities (e.g., Kreut
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et ala.. 2WRiIll e some st udi e sadeaguuea tf eoluyn dp rt dhtaet c

macr oinvertebrate communities (Newbol d et

2016), others have observed changes regard
200,8 Erdozaiaph. et al. 2021

Changes in macroinvertebrate community
foll owing harvest may affect | eaf I itter d
harvested | andscapes had a higher proport.i
| itterosddad omKireataensd (Macl mgvi st 2009) . Il ncr e
and canopy covers stimulate biofilm biomas
to shredders, i ncreasing leaf |itter decom
l npusesdiombhaminet her | eaves resulting in decr e

rates (Webster and Waide 1982, Lecerf and |
abundances i n hdaoreesasa |l eaanfd deciatpteesi t the cd me ¢

buffer zones (Krbeutewerin seaneétRiachard@d&n 20

Erdozai naet al. 2021

There Iis a paucity of research on harve
macr oi nvceornmmneubnriattiees and | eaf litter br eakdo
(reviewed in Kreutzweiser et al. 2013). St
on simaeami n vceornineubnriattiee s | whil e others have

diversity and abundancespecamdcrddsponeaedai
Kreutzweiser et al. 2013) .caghemi i ael yn lhaafv
borealatlteaasdwW Kr eut z)wednhsoem neot cahlalnagBebd 6 8Vbu seett t a
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2017). Additionally, it is likely that eff
harvesting intensity and narrower buffer w
understand how harvesting i mpacts vary tem
and harvesting intensithygr vawendt eac rlossd haa pyess

headwaters.

Herein the effects of forest harvesting
how macroinvertebrate communities, l eaf | i
before and aftert hlnar wastyi nogn idre gsteresamd har
percentage of catchment harveste@hj) sa¢ttricae
l-t empor al study), and amonrhga rsvtersetaenis cwaittchh ntx

Obj ectregi nal study). To do so, we depl oy

ad sediment traps i n streaminutno tme &aouped smd
|l itter decomposition rates, and sedi mentat
assessed. We predicted that macroinvertebr,
catchments would be | ess divaxaeanddt mast|
decomposition would be | ower due to increa

2.2 .Met hods
2. 2.9i.%¢d ecti on

This study examined the effects of fore

comparing responses in t-lwarseéseiamg adbneirt h
reference streams (temporal), and- by compa
har veshmantcat(cregi onal ). Streams were sel ec
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variability in -emdroagyr edi & m e()abeds dlmagm tehte al
harvesting plans of forest companies. Some
reduced the number of harvested catchments
bef-ateer comp-2024dnan@d20he® was used for re
Site names reflect the area in which they

Lake), Dryden (DRY; near the tawakef , DDYd e |
(near the town of Dinorwic), and2DE2(near

Figarna The CF (CF1, CF3, and CFR1) and DRY
within glaciolacustrine plains with good s
SN3) and DE (DE1, DE2, and DER2) streams h
The DW es represented both an exp®yred bedrc
| andscape. Forest coverage acr osPs cseiat es i n
mar i)ang aknpsneé)abktsrieambaPo pgl @as pteme fvinli died e s
bi rBeht Ul a pappnidf eaat Emnwj avho ¢)ei(dvmmhtgaalli( set a
2022, Lam et al . 2022). Within Northwester
l ong rotation fasr etalicehhrag fversdan meg wtnrdeams her
pristine conditions as carRoR®ét wempeairms ,t he
from May to October, the region experience
precipitation) in 2019 than both 2020 (391
preci pilE@QQGEC oth0A2b4n)or mal |y dry clhomedh ttilbens wer

begi nni n(gMadyu ne2ndd1 9t hr oughout the ZU2®,sampl i
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However, sdewerceo nidn t4d Gols wietrhe tmoes

experiencing (ECL&v.2r0&49dgr ought

CF
DRY
DW
DE

DRY1AUP

DRY2

: CF1
@ 9cp3

CFR1

DWR3

DW1

Figure 2.1 Map of 12 headwater streams located across 4 regions (Desserre, DE; Dryden,
DRY; Dinorwic, DW; Snowfall, SN; Centerfire; CF) in the Dryd&enoraregion

To

assess ehdrewcasst odn fhbooreesatl headwater S

Objec)yjvewd sites (CF3,

(2020)

to serve

mo s t

dabileOér ¢ehees wpo

CF1) wékrB6189ampledi

-@202ppsharvebtbrvesttedhseeesowere sa

harvested sites,

I mp acat egdr ebaetcearu sper opor ti on of anit water
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received a narrower buffer)anadnevacG3 cmomaehi

forestry machinery directly abOWFWE: hdohet 25%a

of its catchment harvested mngdtandared ewivetd!
CF3 as it appeared on Ontario base maps us
Percent of catchment harvested (%) and inc
sentinel i magery (see Huang et al. 2024).

To assess the effects of forest harvest
harvested gar8pkpséaed for3) catchments were
compared as dobgcercifbhev@®Ehli2esl omc( uded the stre
Objectasvewel|l as a reference (DRY1AUP) and
four percent of DRY20s catchment was harve:
had a mini mum rmufbDetra zfornemotfhe890e t hree har\
compared to baseline conditions of streams
The baseline was calcul ated usi ng-2d0oa2tla fr o

and includedebheraddetsonaedm$ (DE1, DE2, DE
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Tab2leCharacteristics of 3 harsywagstvedt(e@F I ,DRAAUPDRBA) , a DAV S

DER2, sSN&*amchments including period of harvesting, mi ni mu
harvested, years sampl ed, andPeibdgedarttc hvhaer nffte(s% )yevdlaica e atslkees g tnr
roadt ns(ikgAkmr e det ersamtniemeglasyngFor details on harvesting s
Regi Site Period HaiBuff % of l ncreasYears |Obj ec
Wi dt Cat chnRoad De Sampl ¢
(m) Harves( km/ m
CF CF3 Spr-Bogmer ~3 78 1.27 toAll 1, 2
CF1 Spr-Sogmer ~30 35 1.66 toAll 1, 2
CFR1 Reference --- - -- 2019, 11, 2
DRY DRY2 Summkeal | 2~30 34 1.31 to2021 2
anlummeal |
2020
DRY1AlReference --- - - - 2021 2
DW D W1 Reference --- - -- Al l 1, 2
DWR3 Reference - - - 2019, 2
DE DE1 Reference --- - -- 2019, |2
DE 2 Reference - - - 2019, 2
DER?2 Reference --- - -- 2019, |2
SN SN1 Reference - - - Al | 1, 2
SN3 Reference --- - -- 2019, |2
*CFR1 was not sampled in 2021 as it dried up.
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2.3.Field Sampling
2. 3. Water Quality

Water sawmpies aqual ity measurements were
May to October across all years except sam
COVI-D9 restrictions. A YSI multiparameter h
stream pH, dissol venddocspgrpemtdy mg/eL )p,r odbred wa s
cali brated biweekly or monthly throughout
coll eclt etiDRED blottl es for total sus,pended soc
mg/ L), su’,pmat ¢Plf SDphal usTqtTPl, Mkigt Ldgen ( TN

and Dissolved Organic Carbon (DOC, mg/ L) a

2. 3.Re &ift DeeccompoBadn @inn vE@rntnmeubnri at Seeels mamd
Deposition

Standardized | eaf packs were deployed i
macr oinvertebrate community structure and
pl asti cmmoxamm@&me(sbh si zegm)a nmde sfhi nbea g(s5 0clont ai
| each-ddi edj-wainghed esenesced Aslpneucsk ) reudg oaslad e r
coll ected the fall prior to eaCadarssaempdndn gf i
me sehafl packs/ mheshweita eactnd alcmhmieadks and put i n
from Acgusbter-36 oday 25i-h0 2ddyPYs i~4Bll2d&RYWs i~18B 2
2021. After i ncubatmeosnh I|ceoanft epnatcsk so fwetrhee ecnop
plastic containers filled with stream wate

mesh | eaf packs werf€. f T waenoamsle stmd dptad k
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DE2

in 2019 and one at SN1 in 2021. To mea

50 ml pol ypropylene centrifuge tube was we

peri

pres

A
me a s
cal c
t emp
I n 2
depl

case

2.

od as the | eaf packs. After i ncawmbdati on

erved with formal dehyde until analysis

temperature | ogger (Onset HOBO data)
ured stream temperatur &) eweerrey ulsOe dnitnou
ul ate mean daily DBmpmrat udaisl wnoe degr
eratures). Il n two cases temperatures d
019, and one | ogger at DW1 in 2020), a
oyed due to an insuffi €Fdnti nn2@Rdan ;of n

s, |l eaf packs were attributed the aver

2. 4. Laboratadryys es

4 WatGremi stry

Water chemistry analyses were conducted

Scar

Fore

anal

conc

anal

Met r

DOC

Met h

borough, ON, as per Lam et al. (2022)

stry Centre. Watweri gwaesd fPl.Brs6er edbt bsotigl
ysis. Next, water was di viahad?*SmOet ween

entrations and 100 ml amber gl ass bott
ysis were °@riBdifgdbhgwels® anhab9Pzed usin
ohm 9 3i0o nCocrhpracchat ograph foll owing EPA N
concentrations were analyzed using a S

od 415.1 (USEPA, 1974). Standard met ho
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(USEPA 1999b) . TN anQ@r eTaNt wea kee sa nFad ryessetdr ya t C
using standard met hods. Specifically, both
'l using Automated Cadmium Reduction (TN),

(TP) .

2. 4. Redift DeccomposiStdiome@odi ti on

At Grheeat Lakes ForeBtdwye Ceard raedded |l tox i na
| eaf pack samples 24 h before processing t
ot her organic matter. Contents were then s|
macroinvertebrates weranol ckmrtdi lanidd esn toir feidc ¢
material from coarse and fC rmen dmeveh glheaf tmpa
calcul ate % mass | o0ssq4) The batlkesfionedacomp
packsdetegaremi ned using the -egmheronebebhbw @°¢

wheries Mt hen cpudbsatt i on diry tl leeafi miatsisst Ih Ml & aoft arha

degree days (DD) over the incubation perio
. . .00
(¢ | —— %0
0 €

To determine organic sediment depositi o
through a stack of size f r@uottd ombetdaisn efvierse
sediment (1.5 Om-steodi2medn tOm)2 5 dOme otaor sle mm)
proportion of inorganic and organic sedi me
fracti orss hoendt mefdrgdped 1.5 Om GF/ Cc oMdhras enaann o

fine fractions were we?Cyghed @2r ihorurtso amnwe nwe
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wei gheadn dppeoywsitng i n a muff hefhfduamyasase t o det

( AFDM) .

2.4.acroinvertebrate I D and Diversity M

Using a dissection scope, macroinverteb
taxonoemperls si bl gefusbal mpst Diptera were i de
Chironomi dae were identified to three subg
and allhnseoin taxa were identified to order ¢
Bivalvia, Oli@gpch@evaralHiirndiioes were cal ct
Abundance was the sum of all i nvertebrates

cal cul at ed disv erigsdi®tlxya 1if Hé@n 6 &t t he Illoeweeslt pos
wi t hditvheerfsuintc(i)on in the vegan package, wit/
di verse communities (Oksanen et al. 2022).
di stributed amongst differ eavte nsnpeescsi e sJ )wiwahs
calcul ated by dividing HO bHigheftmatsumodl JI
i ndicate more balanced cOmmdincaiesfewhspec,
dominate. To deter mintoltdreamptr opomdtso®msiof i e
Chiomindae and % Ephemeropte(r% , EWdnNecoptera :
calcul ated, respectively. Macroinvertebr a
(FFGs) (i .e., pr edgatolresr,e rsbhirletdedtebress,t oceon d escc
using Merritt and Cummins (19 906r) -infoosre citns e c

taxa, and their proportions were also dete
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2.5.Statistical Analyses

We conducted all st ati stoMceall aasnsaul nypsteiso nis
sessed visugubnptubenglquanboil eesi dual s a
|| a swi 3 hkasgs iliregs it rfou(rnt cetsita Nt o nv ebraisfey Rnor mal it
mogeneity of variances were verified wit

Eti gnéwuntcesto;n) in base R).

For |l inear mixed effects models (LMMs)

re transformed to better fit assumptions

ter chemistry parameters’,wSOeTPogamndahsS$
s log +1 transformed. Sediment depositio
position rates (g/day), and daily fine o
g transformed, and fine dJpe swa sl esagfu alriet treoro

ansflormMetrics expressed as percentages ('

| |-gatwer er ,-f i% tceorldre,ctaomrd % scraper) wer e

ro values were adjusted t-roo®dt 0t0Or0dn s faordmeavc
ter meet assumptions of normality and het
To determine which water chemistry para
mporal wvariati o Gisn daiovwmenrusii tty metsreimbd ,ag
composiptriionnc irpaatle scomponent analyses (PCAs
alyses, missing values were replaced wit
riable. Correlation analyses were first

riables DQ@H,c ®DOLCyYy-¢ tTABI, TNG!I and cOR pditn(g t
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function in theFicounel(Mei padkkalge mkvsaea abl es
scaled by subtracting the mean from each v
deviati osncakemMygtt e i n base R. To reduce mlt

variebresel ati on coefficient exceeded 0. 8,

anal ysi s. Next, PCAs were conduamtreced mprn )r em
function in base R to assess varifability i
principal components were determined (Eige

were i denti-6bfedolsi ocgdlng Focortensonse i ndivid
di fferences within siOkjsealkirwsisd gMkart ssskvaelr e
Tests ki tékafluentcetsitoln) i n base R for most sit
by usingt eMetl € HbietFhu(n)chtee on i n base R i f dat a
MannWhli t ney t ewitlsc auxsfienmga ttithged i n t he exact Ra
nomar ametric for CFR1 onWgl [(Hestheshs @6R8&) :
Dunndés tests were conducted with a Bonferr.
t hdeu n n .ftuensctt(i)on i n t haen dp aacnk aagl ep bdaunnond., t0e2s0t2 & ) .
Among siteObdjécterwac@sddt er mi ned nmweirt(h) L MMs
function in the | med4 package (Bates et al

(harvesthead verstreadn was included as a fixed
days since the firstascoal |Iceocvtairoina tdea)é kaf nédo rs ieta
( r anidrotme)r c®ipgni fi cance of effects were asse
(Type I'I'l)) with SattenmavhaMn)ct e68 mat hbd L mel

(Kuznetsova et al. 2017). | fent ternmee vaansd a s

41



Ph.iCeline M. E. Lajoie Mc Master Universit

harvesti ngmmttradmuds(t)i e from the emmeans pa
used to compare sl opes-=:silgfnitfhiec ainnttsreumocdteil osn

without it .

To assess abiotic and bi Othijecdharegds wi
comparisons of macroinvertebrate indices (
FFG), acnodanisiesnhe | eaf | i tt er, banrd kddaoiwny rcad aerss e
organic sediment deposition-Wadtles (Tgelsdasy)r
usi ng Wedscthsd soWh iMameny Ut est s .-hdd csdmma rfii scoamst
made using Dunnés testfsomwimil tai Blweh hdo mparn i s

al pha of 0.025

To assess changes -hmonrng s hCGhdvescsitjevde &2nd n
generalized | inear mixed effects models (G
diversity metrics, proportions of FFGs, 1| e
deposition metrics-hacvesstsetdaltardsedpasd( hbd
aa a random effect. Differencelsariwme satbaucdhdanc
| andscapes were determined using a GLMM wi

usi ngl méuen(c)ti on in the | med package.

Macroinvertebrate community asusrembsl ages
di ssimilaritfami-Héeeal adematusind gMoint i di mensi ¢
( NMDS) wettlaeMDi®&g ¢t i on i n the vegan package.

Analysis of Variance (PERMANOVA) -Gwarst iussed t
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di ssimilarity acObgsesc)y ewardslaatr osac-th agivteesst (e d
harvest edObpedycueieigo(ntihee €Y i on i n the vega
wi ®B9 permutations. Homogeneity of dispers
betadifsamet{pon in the vegan package. To ass
po-ebc pairwise PERMANOVA t epsatisr wwesree acdoomd usc(
function from the pairwiseAdonis function

i nfluential taxa contributing to differenc
similarity percentawage swipt e enpiewr & O (NS vt hMhPeE R)

vegan package with 999 permutations. PERMA

whet her abundances of i ndi vi dual taxa diff

For regio®bdl eahaviegealde{er mine which set
variables were best correlated with macroli
sedi ment deposition parameters were fit ov
treatment was fengffs tahd awcda pan wpdadkade, wit
Prior to anmépksicaméehée pamk site were ass
chemi stry values calculated for that site,
coamasne -sfediement deposition rates. Vectors v
coefficiesulandgtpeot allowed for the iden

gradients represented by the NMDS (Cl arke

To compare biotic indices in harvested
ranges of varhaartvieosnt eadt2 Ga2l1l)e svdm2ednl®al cul at ed

approach in Arciszewski and Munkittrick (2
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harvest Jwerseedchhmsegn ndi ngs farnodm iErcd ouzdaei dn Hebt,
EPT, % Chironomidsae, Theg aond mwl shaeddewas d
standard devi at i onshaofv etshtee dg rsa nildesma&fracar o fh en
regmaatdhneeans N standard errpeloot oéd htao vést @dm

whet her they fell within this range.

2.6 .Results
2.6.TMemporal Comparisons of Water Chemi st

We observed significant differences in
years i n har viadtl ek ADAUs C&Bes PDAarrieavrtelad se d
(DOC, DO, TE$ITPSOand TN) contri bamemgto t he
yedakFisgur e A2),wiTKahbulsekaaAil i sdéesitsyi ng 5 that d
significant(IDyO apr=ds D 3year DOC (p£0.001), TS
(p=0.017()p,=0an0do 0Cxl) ) . During harvest, DOC an
harvest concep®r@0B8pnsafnpg=DOC-hpemaished hi g
(p=0Q)0.wa&d el evhaatrevde spo scto-mpavedtt oppbOe002)
hi ghear pest -¢thad. @b th owch itleestwpsorsafs nY@ i f i cant
At CF1, TN, #ADOTSSDOEChSOcti vity, and pH cont
variationFiguneéaeARCAIEDbI enAg conductivity (
(p=0.002% perdd 0DO®8) di fferedSmeéginfiifé¢ alainyt,l y
conductivity was -hsairgvreisfti ctahnatnl yd ulro wegr (ppr=e0. 0
| owe rh aprovsets t-h & rhvaens tpr w8 @Alw@0s1 )si gni ficantly

than(pr@. 012) and during (p=0.0007) harvesi
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Wat er chemi salrey@rpaerdamatgenrisf i cantly acros
si tTad | (e56. ARt SN1, the PCA r &% e dlSeéSd tDDgt DpOH
and conductivityyeaxuwdni dhieiglo me(sA 2),0 fFatbhtee s AB ¢
analyses of these metrics revealed signifi
(p=0.0004) pHA(Pp=0D)008pgxnd iS@nd yDOSOwer e
significantly higher in 2021 thad4; 28081® and
p=002 anddU3Gpo=r0.DAC respectively), and pH was
(p=0.01). At DWI1, PCA*>R@Q@I-yGReSS,r am®MN | peHl, t h;
contributed toFohsre vaR2, vRabtadsoinc dl anal ys

metrics revealed significant differences i

(p=0.0007p=0aBB85L!I onl-y.BCpaencd fpH awelrye hCilghe
than 20179 (600 0,0,r eossPe dathidv €10yd 0 p(=p0= 000.30, 0

p=Q.60 r espectaindal®OiCot h hi gh&r anmd 2200121 ((pp==00.
than 2020. Statistical analyses of water c

significant and fee@@ywb@®.pH nwagsH hi gher i n 2072

2019 (p=@Gna@odDOC was higher i.n 2019 than in

2. 6. Rempor al Comparisons of Leaf Litter
Deposition Rates

We observed significant differences i n
(g/ day) at both CF3 (p=0.02 and p=0.01 res
(Tabl ess§ M7 CF3, we observed sigfrflolca)ntand c |

finhefB3ol d) organic sedi ment deposi-htaromegtat es
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(p=0.01 and p=0.04,-veespBapoesaetdl y)p=0bud5 nan
respectively). I nterestingly at CF1, we o0b
during (~3.38% &o&eps0.s7x=0d.o00nver ; p=0.006) har
organic sedi ment depositilonmwerra;t eps=0d.u0rG 2n)g, hc

t o -lparevest values.

At reference sites, we also observed te
ratTeasb | (e/s§ A7Speci fically, the sifgolid idceacnrte acs
( DW1: 2021 ver sus4a2n0dl 20 .00r@ s2p0e2cOt,i ¥pediO@)0 land a

decrease (CFR1: 2020 versus 2019, p=0.02)

1.f30l d decrease in fine organic sediment de
p=0.02) .

We observed significant differences in
harvested site only, with no dif fTearbelnecses i
AZTAg . Speci fically, we observed significant

po-earvest compavedttatp€CEl (p=0.0007). We
di fferences in coarse |l eaf | itter decompos
an3N1l). Specifically, we observedn-~-Ratbas | ion
2021 compared to ando9zaeosSNas@pa&807bWh)coar .
|l itter decomposdiotwiearn2®21 ecsompacegdanad 2-02 b x

higher in 2021 co9%pared to 2019 (p=0.00
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2.6 .Bempor al Comparisons of Macroinverte
Functi onal Feeding Groups

We identified signidfvemanitt dé¢$feamthcBSERT
Chironomi dae at bbitdiurhe r 2/ ;eAsIi@ebd Desst A9 mb a ¢ v e
the most impacted site (CF3), we observed
i ncreases in % Chir-andmlipadrswve ctomplameaeled 0o ¢ur
EPT taxa were mostly absent. Q@®0C3).,00I 4Wag s HHS
(p=0.016), and % Chironomi dae whaar vt .hi gh
Conwdrys % EPT adlnd rata stelde 41 e spso-shtampaersd e dt & i
prlrearvest. Wepebsefiiyed no significamatreksftect s

yearts ei t ho2r®d .s3 t)e. ( p=

There were significant differences in s
yeakKisgd3 e TabidAar. AAL CF3, % shredders and %
al most compl et el yladnudr i pn=gb ehBaprévbéesitiviedmyt)@.r 0 O
gat herers +#rmdrdeawsued ntghrhadeest ahmaOedqd 3
(p=0.008) r-kranvevwmigs tA0tp ptitheed Os)a me -Siiltteer &or £ 0
significantly increased f-hamvasmefiram dbr
(p=0), 0bdt di d -hnaortv edsitthféerro epsopsrte@o=rov. £r6s)el y, a
we observed shBrddec sheafr%ge spto scto-mpavedtto pre
(p=0R,0 a ~3x increase in predateorlsos(sp=o0. OO <

col |-eiclttoerers during-hlranvesdst (pec@p®dHOR]J .t o pI
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Diversity metrics varied over time with
but these changes were not cofisguwrn2zenz with
Tabl es1)A9 Specifically, abundances (DW1 an
(CFR1), and % Chironomidae varied tempor al
metrics rangledathemognanhe tdbto FEN di f f,erences (
abundance at DW1) between years. Specifica
6f o( Pd=0.,008n7@Ihi ronomi daffoldeécfpra®e@0@8, whi
1 .f3o0l d 0Q02p)=0f.rOcOMmM 2019 to 2020. % Chitr &mdmi da
2021 (p=0.005) than 2019 but did not diffe
|l ower in 2020 taman J2WhS (@Ap2&. W4 H)her, in 202

and adt mM&Wdi an abumid@imer2 OMa%s ca@mpared to 202

We also observed yearly varFiiagt@di3ens in F
Tabl efs1)2A9 Speci fically, at SN1, we observed
compared to 2019 (fpod0d. 0dOeOc6r)e,a sken Mitna r% Bcso. | Bl reoc
2019 to 2021 (p=0.0@@4)h.erretr sDWIn,d rd% dcsmdh e2chx.1
to 2020 dp&E0%Oo@dmbgdators were ~1.9x higher i

CFR%predat or s8fion adr & asoamd (20=109. 23 )2020
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CF1 CF3 CFREF1
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o
o

~
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Functional Feeding Group
Collector-Gatherer
Shredder
Predator
Collector-Filterer
Scraper
Piercers-Herbivoire
Other

o
v

CF1 2021
CF3 2021+

DW1 SN1

Relative Abundance (%)
s % 8 ¥ B8

DW1 2021-
SN1 2021-

Figure 2.3 Relative abundance (%) of mean Functional Feeding Groups (FFG) of
macroinvertebrate communities colonizing leaf packs (n=6/site) deployed in harvested
(CF1 and CF3) and nemarvested (CFR1, DW1, SN1) streams-§2919), during

(2020), and posharvest (2@1).

Temporal Comparisons of Community Assembl ai

Macroinvertebrate community assembl ages
sitFresgge4d e TabdAddg. AAB t he most intensively h:
community assemblages differed across year
harvest community differing -Harowme tot(hp 2 h.e0C
communi tdiueamgbpastvest communities did not
(p=6).3 The NMDS plot revealed a proportiona

Li mnephil i dae, L eepit bgpeh)h eprees tatp RMRbrgghol er
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harvest (e.g., Chironomidae, and Simuliida
Chironomi dae was the-amdtdurnifnguemarivad s tt acxar
accounting for 71% of the average dissi mil
i dent i fderdt Isyy gmiigher abundandtebkl| uAlFéog Iparey
and -tporswest comparisons, SI MPER analysis 1ic¢c
Leptophlebiidae, and Lepidostomati dae as t
di ssimilar BRRNANOMAwWe we/re,alRd t hat whil e abu
did not differlpsrHagndi fpeocsger8tY gr agelOabundance.
Leptophl ebi i daerweerse -(hphggme0Pofsit,e and Lepi docs
wer e hi gher i-hnaravbeusntd(apnhcéen Oppojset Di f f er ences i
macroinvertebrate assembl abjyesweat GFL-vEREBMWM
and -tporswest commumiBi.ti e@Ghiomdryoriipecde 0 Lepi dos
Li mnephilidae, Ceratopogonidae, and Dytisc
the most influenti al taxa contributing to
PERMANOVA reveal ed siamaddseqpafrdtolsyt omad h elra ea I

and Li mnephB8)l iptoaset vigapoH 09( .0ACL 6

At reference streams, we also observed
across years (PERMADNWNAang =0F+F0@RAEJ 3dabbBb1)
Al-31). Il ndeed, at both sites communities i1
202Tla b(l e AA1L®W1, SI MPER i dentified Leptophl e
the most influential species both in compa

2019 and 2021 (81 %) . PERMANOVA revealed t|
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di ffer across years, Leptophlebiidae were
(p=0.019) and 2021 (p=0.001). At SN1, Chi
comparisons of 2019 to 2020 (74 %) and 20
signilfyi hamther abundances of Chironomi dae
2021 (p=0.03)
A)CF3 | Stress=0.14 AcSheiidae B) CF1  q q Stress=0-17 —~Glossomatidae
k=2 T ) Dixidae kez Polycentropodidae
abanidae Gastropoda Hydropsychidae
1.0 Radan Cordufidae Leptoceridae
A Blkalve A 0.5 Nmmouridae Hn:nea
Lepidostomatid - Capniidae s Leuctridae
ol HEe atopogomdlzgchoptendae Year o~ Lem&%stomauda‘ Year
0 Polycentropod&aé . W 209 D 0.0 C(u{onomldae Dytisgidae M 2019
g 00 B Nemowmidae 2020 g Ohgochaetzf“umne;‘llﬁe 2020
| capllinmT e iy, 2 Leptophiggiicae M 2
g \Lim‘#ephilidae g» ; -0.5 Ceratopogonidae Elmidae
0.5 Amphipo Chironomidae 0
’ B ‘Leptophlebiidae Simuliids
-1.0
s Gomphita iuli
1.0 SRS Tpigse Simuliidae
-1 0 1 -1.5 -10 -05 0.0 0.5
C) DWA MDS1 D) SN1 MDS1
10 iirzess=0.17 ae— . i;rzess=0.15 Phryganeidae
; orduliidae
O Rhyacophilidae ,Heptageniidae
; ; 0.5 hilopotamidae  poyy centropodidae
Baetid Pht d Yy P!
05 Lae ; a:te ?rgog’cerygldaé}ganel ae Taenlopteryrg@?Emp,dld ~  Leptoceridae
N - oRf?;;copr‘Edw L\Jordl.kgastndae Year Simuliidae TYAropsy=hidae Chibnomidae  yeqy
D ~n|l. TS Leptophlebiidae g 5015 ) Capnledostonprgh'eb"diﬁoenaa{mmdae W 21
o 00 Phl/)otamldaehyonorﬁae ) 2020 2 0.0{Tabanidae m erhilidae ® 2020
= Folyceftropodigge SR Ax = Baetidae~=0rd '“da@‘éa“P'%v A 202
leudlneaJ hid A Tipufitiae w/alve ligochaeta
-0.5 ropsychidae ceratopogonidae - \Hydroptilidae
Tipuiae Hydroptilidae A aenldAe]leudmea
Oligochaeta -0.5 Gastropoda Elmidae
-1.0 Tabanidae Gomphidae |
) Cerat*ogonidae
Bivalve
-1.0 -05 00 05 1.0 -1.5 -1.0 -05 00 05 1.0
MDS1 MDS1
Fi ga4l®i stri bution of macroin¢20t@pyrader f ami
(2020) -@a@d2ppsharvest from two hamwvwasted
harveE€s$t é)thlD) &SviNdlt er sheds -Kenn otrhae rDergyidoenn o f
Ontari

52



Ph.iCeline M. E. Lajoie Mc Master Universit

2. 6.Regional Analyses of Water Chemistry

We observed no significant differences |
streams in hhaveestddahdedsaapdsith@®ETA STIN,
TSS, TPDOCI condputbnhtvrt putanddto the observe

(Tabl & .A1V8 sual i z artiigounr) eorfA5t eheel dPdCAsi(gni fi cant

chemi stry parameters, but 95% confidence e
il ndicating potentially greater vari-ation i
harvested sites. ¢MMs diefvieal edcea® ismgwatfer

(p values mMPWaongdabtr ARPO a8r oss hahaegséestdedn
sites. HoweverZ( pNO0X)p80amd4A4)HdIdESWOr@a8kd over
for both hahwestestdedndi hes, and we observe
bet ween treatmeptO0Oa0@Bf hmmEe & ®ir mPlroev erra pti idney

ahomar vestFedgusliet A5 (

2. 6.MBegional Analyses of Sedi ment Deposi
Rates

We observed no significant differences
decompasirtoisen har vheagtveeds t eerddl aresAr@- 2)Adona s s (e
organic sedi me(gt Jdppmshai wvastMadNSandscapes
1. 9Me 0410 angéto61Hh8mMD not differ signifi
harvestedMeaNSdD9c 8PN O0¢F, 10 ange&t o51HIN DO
(p=0sSsbm)l aotganfcneedi me(gf ddgpesc o mpar alalt e
across MarVseDHt. SFNBO7F, 10 angédt o917l non

har vevsetaB®ID7(. 2PN 08F, 10 angé€tol2FPBUmhdscapes
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(p=0.65) . Coarse organ(iddilcearnotl iditfefrerdeaor
har veMetalg®ID3(. 0T 00F, 10 ange: 9. antiandedlt @

| andsMaa\sd5. 0N 00T, 10 ange: 9. @ pt=i.Mel 3d.riPani
l eaf litter déavemmpo siitmidrmarrMdealN®Bls. Ohlalrove st e

‘M. 0F, 10 ange: 9. antiandedlt ea(Me aNSdD2c &8P 4 ©

‘. o0f10xrange: 9. Qp=d. B55FJ1 10

2. 6. Wegi 8nati stical Analyses of Diversit)

We observed no effects ofTdabA&#H2)8harves:
H6 was similar Mea\tiwde MBGhdarve@mPdand. 58n
har v eMsetaR®ID1(. 6 6 \N0a. n2g8e;1 . D8 P9l an@¥capesl 6p=0di d
di ffer acrMeasba r@®sitée,d ra.nYye): -kda Rvs5a ®ne d
(MeaNSEDO. 76 NO. 09:0. 9&ngé¢addéeapes (p=0.36).
2@®91 individual s iMe alfaDlvie2s.t1eNI8 424d36)d sacrad e (
i ndi vi duhadrsv eVataBBdB(8 . ON58. 5) | andscapes, Wi
di fferenc®wsEPP=0as83ompar abMeats®dt ween har v
40NB9. 6,09r0ange:aadv eMeraBBID3(ONB9. 9 ang2,; 9). 1
| andscapes (p= 0.96). % ChiroMesaiBBae di d n
48NF1lr ®nge9:7.8.)8anth an o eMsetaBBID3(6NT5r. ange: 10. 3

60.0) |l andscapes (p=0.64)

We did not observe any FHFGsteossacharvast
and -hnaornvestedTadhhdfl2)8PIs edder was compar abl

har v evsetaB®ID1(4ND6 . 4 ,04r0a Rge:laadv éeralsiD (
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3 N®, 8ranp@:00.0andscda&pebd@dpared.e41).i donot d
har vevetalB®IDI(1N26. 0, H5&6n@gd:-addo dakrafitiD (

6. 5N8. 8,-33F.alh)g el: On &P c Brpeedsav(gr=s=Di.mi | ar acr oss

(MeaNB5D15. 8N9. 3/43r.alngdadd ednedMbaSBdscapes (
19. 4N11.140r@angepCol@.e8g8t)o.h e er was comparabl
har v evsetaB®ID5(8N D4 . 7,1 8-%8n.g6e): -ladv eVeraBEiD (

68. 9N1a5n.gBe-9 0 4B) 9l andbPcapgFdemnalpdy,0.% scraper ¢
significant!| yMeaab D0s.90®h r7v, @ s0faaeldy e(zhmd vresn e d

(Me aN DO . 78 N1r.a3n-4e5) 0. &ndDcapes (p= 0.2

2. 6.RegiMdnaally ses of Community Diversity N

We observed significant differences in |
across har vhestveeds teerdd | monmd s c ap e sT a(bAH EER MRZNQV A,

Figgase The NMDS revealed ovehamrpedeedeenr &

(K=3, Stress=0.14). However, replicates wi"
separate from other sites, indicating subs
SIMER revealed that Chironomidae, Caeni dae,
wer emdahte i nfluential taxa contributing to t

macr oinvertebr at elsarove shtaegdv elsa nredds caanpde sn.o nP ER N

t hat whil e abundances of Caenidae did not

(p=@).,06Chironomi,daaend( pL.=0p.i0ddo st omati dae (p=0
abundant in harvested reaches, while Lepto

associat ddrwietsh ela st efadnds) .(
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We identified several environmental fac:
macr oi nvertebr atset ragsasbhesntb | naogte sa naocrr o stsr e at mer
the 6envfito=dna&Bysips0=MOB)S(R PSH=-qQ.R1IL7),, ClI
p=0.03%=0.BRM.( P=0=0039Q. OTAN2)  Rwer e the envir
most correlated Twaibtlhe tAB5NMDNY daixxeison(al |y, t
positions of -hhaarrweesstteedd tarneda tnmennt s di ffer ed
correlated with the NMDSEwamrssgd R wi0Os 08®I7i, z gt
NMDS and envfit revealed no clear environm
di fferences acr-basvbhatedstaddaodperen For e
macroinvertebrate communitiesciatedr weshet

(e.,.6F3) and | ower c6é6BLCgrt)rati ons of DOC
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Stress=0.14 Cordulegastridae
K=3

Nemouridae

Leuctridae ~ Capniidae \/

Polycentropodidae

N :
Dytiscidae Hydropsychidae
Lillhephilidae e
M CF1
m N Cl.ppm A cF3
Lc-zpidostomatidaeA g Tipuli;:lae @® DRY1AUP
Simuliidae i DRY2
Baetidae DW1
% < SN1
o~ = Ceratgpogonidae +
8 TreatmentH ted Feu¥AgL Empidid
reatmentHarveste ¥RG mpididae
g Tabanidae ae Psy¢hodidae Treatment
ik ; Harvested
atmentﬁe’fgl%tr?ggr_'djg Ephemerellidae Reference
© Elmidal

Chironomidae D Amphipoda
ba >
Aciryganeidse Gomphidae
@
tropoda
- A i
@
A Bivalve
Haliplidae
Ptychopteridae
Dixidae DOC/mg.L TN.hg.L

NMDS1

Fi gasli stribution of macroinvertebrate fam
CF 3, DRY2-haemwdshed (DRY1AUP, SN1, DW1) | anc
NonmeMurlitcd di mensi on @ =3Sc ajtirnegs;s =NLMIDS P-er mut a
Curtis Dissiewltarstyepneeant best correl at
red diamonds represent centroids of factor

2. 6. @@mparisons of harvested reaches to &
streams

We observed some deviations from the An:

harvested sites for Hogade % SHpRTc,i fancdal% ys h
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harvest only, CF3 had much | ower HO6 and J 1

Drye&Kemora region.-hdmitegtestDRY2 yhaoposlti ghtl

t he nor mal range, and CF1 had more % shred

A) B) C)

1.0 80
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3 zos{ 1
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Figue26Mean N SE of diversity duedityin dcex i(nkd)u,di
B)Pi e | esenn@sgJ), C) sensitivetaxa (%EPT), Dpollution tolerant taxg%

Chironomidae)and E)shredder taxa (%) collected from leaf packs deployed in streams

in harvested watersheds. Tieal line represents the grand mean ohaitharvested

watershedsand the shaded bars represent the normal range (grand mean + 2 SD).

2.7 .Di scussion

The overall objective of this study was
effects of forest harvieasnvent YoERBIame adwa
shredder deanorsenapsacodh eadte sttheed stream {(CF3), wh

gat herer and % Chironomi daée iikmedryease d,enarmdg
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i ncreasandnobD®&nic sedi ment deposition rat.
harvested stream ( GF%nEBWeaesBbhsddeéera decrea:
i n coarse |l eaf |lit-harvdsetomp-mpaveBagoampalsl|

we observed no significanEFEFG&sf f elerachackedavimrr

rates, and water chemistry -hparrvaensett eed ss ibtee sw.
However, macroinvertebrate community compo.
clear environmental driver of assembdl| ages
compared to the Anor mal rangesao, H6 and J

harvest (2020) only, while the other two h.
EPT (DRY2) and i sddifzdledaers OECEFha,r versd wer e
dememnt al oed¢ diiec stdhreeam wi $th phepgrtiadce of it :

harvested,osa isntgrreraanwdcbuf f er s.

Changes in macroinvertebrate community
harvested stream (CF3) reflected disturbed
i n water quality. El evated DOC h ahsarbveeesnt d o
(Schel ker et al. 2pl2Be¥oddzahnsetnatrow0Ba
effective at minimizing the trH(dyvpoeijttrof B
20p0nmMay explain the elevated | evehd obseryv
greater concentrations ehfarcvaershhon aitnt ds ebauit need
i nputs of carbon from harvested upland are
t he hi ghseerdiaoimegoabrsiicc i on rates observed herei

activity i n-hharev editr,e danpbdtue rbtheghocneed These f ac

59



Ph.iCeline M. E. Lajoie Mc Master Universit

|l i kely caused a shift durmagrbanvestebr ame
community with more-haenweisti ve ot axaomBBEnop
macr oi nvceornmneubnriattye d omi nat eglatlehhri o loemmoanm td ae o |
t hat can adapt to changes in food avail abi

Ot hers have documented decreasesgaitehresrensi t

taxa Iin streams within harvested | andscape
2003, Kreutzweiser et al. 2005, Danehy et

may have increased in abundance inlresampons
the dissolved OM taken up by microbial com
Benke 1998, Hall Jr. and Meyer 1998, Ki ffn
Kreut zweiser et al. 2008b, Larsen et al . 2

i dentasf aed

-

oup that( Walnledce¢ sarnd oGurthtaz vE%86
2003, Nislow.addheiLiowadoZnd M&nhce observed her
high percentage of harvest-gat h€F8rsasahhbe
i n watersheds with greaterl mheecstHd Egartzy
found that buffer zmn ehsa do fc osmpnairlaabrl ewicdhtahnsg e
macroinvertebrate assemblages to clear <cut
OM. Decreases in diversity and increases I
toesponsessbbsamgewit hout buf f esrusg d(déNeettwb ol d

the narr oGF ®eurfef eirmse faftect i ve at mitigating &

The return of someRadVveeirast weyptmeuvali wess paot

suggests some recovery of the stream. Chan
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tion may be most noticeable within
et al. 2022), and although headwat
i ng acti vitthieeys att lwmaom rel agrugi ecrk | syt r(e~-a8msy, e
y be more rapid in narrower streams

|l ndeed, it is possible that the re

ur matroveprte fi ne addmeaar seposr@thnidOCs at es

remai ne

Thi

shr

bee

reas
élagg
hr op
al

arve
ni fi
vest
har v

8) .

d high. A study onStadasti ali theaddwatsal
e -gianehcark -epO®Est, but these effects
erty et al. 2004). While headwater

ogenic disturbances tdNdremaOkb@ah di
20033 uvugodnmtt wart k emmany commuaomygeaaers begi
st. Even so, -PhaEWE@s t-learhvaensetd,r eaolweeai t
cantly, and the differences i-n macr
scuogngddn shti omar vesti ng ef theactvse sar.e Esftfiel

est on streams mhgrsest| (Beoobsande

arvested streams, we observed decre
st eisomwn | y -haatr voensed istiiBell jpnogs tf r om our ¢
S surprising, as the changes in com
rs, increases Iin Chimpasomeddé& €F&8buhd

eviously associated with decreases

| andscapes (Kreutzweiseraet baltki ez@0 &, Er d
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Ma |
rat
Chi
ful
t he
(RO

had

Dec
and
(bu

hav

( Whi

Kr e

mgvist 2009, Kreutzwei ser ebraadakdewdnoo) .

es did nodr depasteaste awurCmhRPY due to the hi
ronomi dae. Although shredders were most
filled their functional role. While Chi
y may have ebxehialviitoeud smiomi n eaves, contri

semond ,etanmadl nt aliomi8n)g br eakdown Iryat emse acr

expected to sbeecdérdoteaabepoemt | eldt | it t

pri siwasbtsheartv etdhiast ameacteafé €€l Frhaverdde r

reases in leaf |litter decomposition are

i ncr

ut zwe
mneph

dwat e

e a sdeesp oi shiKtsieadni meet ser et al @ 2008b,

Kreut zweiser et al. 2010), yet we

trongdeart tiemp acetc oanpl dlséa st Hi roend dtehra na bouvnedr:

et al . 1993, Griffith and Perry 19
i ser et Lealp.i do0dxdned o s)t aehdhyd di af td @edh vy | a x
I'li dae) as taxa assmpbatnmedbowietalh i n
rs, and as such, It was -Barpestsiatg
not | ead to higher | eaf I|litter dec

ostomati dae at CF3h,d awli dei th os malplagre

decomposition rates at this si-harveéstis

CF1 were driven by changes in temperatu
ut zwei ser et al . @M@ 09hrnadcddar ftiaexda i nwtr
rse |itter decomposition asatwass feXgemwiaear
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i n thiand etgh®sne changes were atttrarbmted to
retention of |l eaf | itter in streams due to
water |l evels at CF1 may have been too | ow

decomposs tdsosoaiadteed with a higher abundanc

2010) .

We observed few tempor al and regional d i
har vest edpdtaanttsicalpleys t he hi gh natural vari a
regi onal drought . Smal | bor eal streams can
Ssubstrate type, canopy cover, nutbreide mtck,) , a
and catchment (catchment size, % of bedroc

shape macroinvertebrate communiti ehser(elienCr a
varied considerably in the above metrics,

type that may have contributed to differen
our regional analysis (2021 only¢GFWwWhiCFR3,s0
DW1), others were more open (DRYZ2, DRY1AUP,
greatest portion of scrapers, although abu
Macroinvertebrate communities within strea
tempatures, precCaopliltiagn o0 @&h,d Kdewt zwei ser

2019, Ad8mek RBrtowdht 20&2®Rdi ti ons observed ir

delivery of terrestrial OM and nutri-ents t
of f, wultimately reducing streamefbowemwith
oxygen | evels) (Mosley 2015) . Herein, temp
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revealed significant differences across ye
compari sons, whereas the driest years vari
macroinvertebrate community structuroestand
obvious in headwaters during periods of dr

as smacyh expl ain why most differences were o

|l ow fl ows. Nonet heless, a highodegneeti ek i
and | eaf | itter decomposition rates are co
streams (Kreutzweiser et al. 2005; Kreut zw
al. 20009, Medhurst et al. 2010).

It i s possible that natural bBaviveehmagt
effemMastel et al. 2007, Melody and Richard:

Harvesting effects onspdaiefaint saymsd eamwse airref lot
by | ogging practices employed, but al so na

alz013; Ge2rot2h2 ;etMeallody and Richardson, 2007)

di fferences in macroinvertebrate community
hartveeds | andscapes, sites within harvested |
ot her. For example, some of the taxa ident |
(e.g., Caenidae, and Lepidost omatHuratehers,ee
there were no consistent environmental dri
harvested sites. For example, communities

whereas communities at DNYi2l eweerxei satsisnoge i naatteu

variyabiinfiltuences macr oi nvert erbersautlet sc osnungugnei st
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ef f
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ef f
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ect of harvesting ormubasteqruenht e mimptarcyt sp @

r oi nvceornineubrwiattige sac.r oss sites

Given the high temporal a n de srteagbil o nsahli nvga
ma | ranges onfabdievde rtshiet ys enpeatrraitcisone of har
ural wvariabi-t hapr mad HoOclndhde lbbwer ved

vest werel bgkd&difgy cdasusaendd myot just the | o

erienced that vyear. This, along with th
EPT t(axRYct@ec h melne%is awi v en@lit d e r sbwig of eesrtss
t t hewseel @i kmplayc tdsependent on amount of har

eed, increases in -shfkeeddedssandaBPTstayg:

harvest may not be particularly detri me

t i mpamt e CFS)r were only noticeable duri
eline conditions the following year. Ov
ti pl e ejdares daaft abasspecially when the fr
ditions is expected to increase.

2. 8. Manageimeintcati ons and Conclusions
Our findings suggest twatywhnleheéeindi ves,)
vest, metrics associated with greater i
fer zgnepwedehsage o0a&antdhaea vperse seedn caa eaaf, a
sReisnuglutgsd ehsatt | arger buffers are | ikely e
ect s onfachraori vmevsetrrteeabmm actoemmuni ti es wit hin

turbance 19dOWholsteetkKralkd kel semey e¢t adl .
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MartelRO®HTr dadz ai n adet CGH3. d20d2lnot appear on f
maps, and as a result was designated a | ow
only remeiexetluai ®n FoaoRResnagementt ai de for
Bi odiversity at t(hCentStranod Mamd sSirtye oSc aNaetsur
Furthermore, the % harvest within CF306s ca
recommend-60i Bohsh{ H8g!l OMNROI2010) to minimize
i mpacts tabnedmkeedusosoil di stairtbeeandbmedbd gabaelty
contributed to increased OM iQ@Qputwornlo, tdleor
with others (i.esugegteroh8tenaarow2b6R0fe
mitigate effects of, haspecitd nNlgyp owh awa |l ¢ r ¢ $
% har vesHowesvhelri gihparent recoveryCbBpo-sbme di
harvestugmahwtreadwat ers are resalltireadugh omarn et
needeldndeed n#ateameu alni ggmd r egi onal variabilit
within and sacgogtedssttss tmme &@amy ear s odi dtod mb brce
data are nebdedectsfofiescgpsarfatoen nat ur al vari ab
Il ncreasingly important as c¢climate change w
and precipitation extremes in boreal headw
mafgi ndlee abil ity of forestry to emul ate nat
that there is a need to understand how the

mul tiple stressors.
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ChaptefeBpor aRegamifdlectFer edshtr vest Meg c omy
Bi oaccumul B toimamg nd f dBaradeSH foefeorm We b s

Abstract

Forteasnvecsatni nagf f ect mercury (Hg) dynamics
by infl uencliintgy tahred ameti Hylbati on of Hg and I
met hyl mercury (MeHg) through cdoadngehs si s thuad
werteo quantify the 1) temporal and 2) regio
bi oaccumul ati on and biomagni f206attiob in st
headwater streams were sampl-(ad0lN)=,2 durrivregg
(2020) ,(202d2hmpovtest for basal food sources
macroinvertebrategd andefaimsh(nkEd 2@2lecnley,
al so sampled to assess the regional effect
total Hg (THg) or MeHg ([ MeHg]ni tcroohyteenn t(r at
Temporally, we oMeshkg]veidn iwmatrerasarsd i nofpe pr e
macirnover t ebrates amar | érdHe | o nt sftiirregpeangdioes d
of its watershed harvested, abuwtrfeeawn cr oss
di fferences at the stream where Buanhdard b
we detected no significant didhfaevesces acr
wat er Ragdenally, we detected significantly
macroinvertebrampammihahaegeéetded andscapes,
in [[Teg fish or Hg biomagnification rates.

i ncrease [Hg] in some food web component s,
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magni tude of tthe skes ped diekitcs nesgprmejaarmge wti t hr a c t

used dDarwagt % of the watershed harvested.

3.1. Il ntroduction

Mercury (Hg) is a contaminant of gl obal
the boreal forest poses a significant ri sk
accumul ates in foliaga (ki retfdlimaremtdty alt.or
(OM) in soils (Obrist et al. 2016). Distur

organic matter to wetted anoxi c environmen

be converted bsyucnh carso esduglapnhnugrm®)d ot e tisa mo$ R

toxic and bioavail able form methyl mercury
2016bncreased bioavailability of MeHg can |
biota and its subsequent biomagnification
potentially toxic |evels in top predator f
([Hg remain elevated in the boreal despite
et al. 2013, Gandhi et alpr 90ent, @&Ralskalett h ar

consumer s.

Soi l di sturbances caused by forest haryv
aguatic €EbbBYBEtemsal Durioidg,| @®ddi6ng, heavy 1
removal of vegetation can compact forest s
i ncreasing soiooféro$iaoantandntbBeandnHg boun
near by (Xtrreemamswei ser et alog?008, sElhiIshf can

il ncrease export of al |l od(lEkhlo°nfo uest caalr.b o2n0 1st)
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Additionally, increased wetted areas creat:

within machinery tracks, become Hg met hyl a
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—
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a
(0]
a

(
h

earby (Mtumd &aras and Hul tberg 2004, EkKLO°f et

ndeed, elevated aqueous [ MeHg] has been p
arvested | andscapes (Porvari et al. 2003,
|l t hough other studi eéAhbhae ebsalvedlf6, ds
O0%)] °E et. alorexlIrdy) companies use Best Man
uch as not harvesting in wetted areas and
o mitigate environment al i 2m0plalc)t,s asnudc hi ta si s
hat BMPs also reduce Hg risk to streams.

treams with buffer zones compared to thos
MeHg] in sediments and wadtri maiiadge snega iy
eams with 30 m buffer zones but did in st

024, Lam et al . 2024) .

Forest harvesting can also affect [ Hgl]
nd Hg biomagnification, through changes t
r changes in dietary habits of consumer s.
ssioated with elevated [Hg] in macroinvert e
Charbonneau etde aWi.t 2e0t2 2a)l .( b2u0tl 4s,eeWi | | acker

i ghan fHggsi on into their aquatic food sour

Chaensg i n biofi |l m bieoxmaisbsi,t whhiigchhe rt y[pMecHagl ]l yt h

S

ources (Jardine et al. 2012), along with
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food Spoteasi ally inflsuenced phywaiuncctri eva st eyd
significantly i mpact Heg Wi toaetcuanu.l a20 bh, i Wi
2019) . l-streamegdgrpoductivity following harv
temperatures and iMhEmrglasred amud rResndmaenxg o2 Q (
200mMady decrease [ MeHg] within biofilms and
i ncreased growth ratesde rWistp eectt iavie |l y2 0(1Wa)r.d
increased inputs of allochthonous OM from a
reliance to terrestrial food sources such
(Jardi ne Ghtanagle.s 2i0nl 2ma.cr oi nvertebrate [ Hg]
fish, as diet is their primary source of e
bi omagni fication of Hg through stream food
ratitdy 6f consumers and food sourceas biyLavo

harvesting as observed in Negrazis et al

Most studies to date have quantified th
i n stream food webs using regional compar.i
Charbonneau et al. 2022, Negr az-annde-poasht. 2
harvest conditi odes Wwitt feitThhaehr.ew &10sd dsgcaneed e v i d €
the amount of wirctah hafr viewsft feadr, zmomes used di
ri sk to stream ecosystems (Negra?2i4dgset al
such, the main objectives of our study are
bi oaccumul ati on &)n dt ebnm pooaraagtnli yfii ncgarde aoreds t(p o s t

across two streams 2vi tkegdohaétiyngaBMBss &dn
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without harvest in one year only). To do s
Objec)l)i aedDObjpacei Yo harvdaatrecsdrdl hnamdscap
measured [ MeHg] and total Hg ([ THg]) <conce
nitroéeni o basal resources and consumers t

and Hg biomagni fication r at ehsarwietshtiend and a

| andscapes. Further, we examined whether d
contri betgiaormdattoe mpor al differences in biotdi
studies, we predicted that [Hg] in stream
Objecdiaedlwoul d be highest in biota from
Objecdivand that biomagnification rates 1in
harvested sites due to higher availability

3.2.Met hods
3. 2.9i.beescri pti ons

This study exami f¢dHaMg bobomaghr Bt canson
i n -bodver sS2Y%eradnsr )( 1t empor af2l0®2 1()5 antdr e &mgs ,0 n2
streams, 2021 only). Sites were chosen bas
representative of the vBoumabwhdiéyshedgewé o
at varying percentageki bé thee-batemait pddaal
served as r efCGChwraemges ciomdharivensst.i ng pl ans r €
harvested catchmenfteurayy attwa bwer deussed ftor |
comparis-2aag8lja2wWémel used for regiAlnlalsictoarsp ar

were | ocathepdewit hiegi obime of nort thwee Kteemrom aOn' t
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Dryden Frieggg@Binten (Study sites are naimehdi alccor c

they are | ocated: Centerfire (CF; near Cen
Dryden), Snowfal/l (SN; near Snowfall Lake)
Dinorwic) (details in Lam et al. 2022). Si

( DRYIPAUDRY2) are within glaciolacustrine p
sandy deposits. Sites in SN (SN1) and DW (
SoiAlcg.oss all sites, forests h@®@veewamairn@na
j ack Ppinme (b)a,n ktsrieambaP o mgl as ptgme fvinli Bied ddd a c h

papynifeamal east(Ehwmj avho ¢)ei(dveanhtgaalli set al . 202
2022) . TheNofohewessern Ontario are not ol d g
decades of |l ong rotation forest harvesting
represent the closest to pristine conditio

2022) .

To assess tempor al effects of forest ha
two sites (CF3, CRD)19Wer @dugamilagd 206 (26@21
with theaeeesoed sites (SNI1, DwWi, CFRF1l) sa

(CRFl1 was sampled in 2019 Tabmd BZFA0 appte ar & «

Ontario base maps used in forestry operat:i
zomen35% of i twalxaartvcehsmeendd. Conversely, CF3 v
maps, and as such only received a) ~8ndn mac

had 78% of its .cd&tuchmenmtmohaernuypweEF@®ed/ims cr oss
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mac hicnaeursyi ng vi si bl e ralbtotviengsampg!| pongdedaahe

bel ow)
To assess regional effects of forest ha
nomarvested and harvested | andscapes were

above si t,enredafeesrcen e d( DRMAAWUPCFIt add( DRY2 and
streams were exadobanedesttededandenalk eftes f
objective. Both DRY2 and CF1B were afforde:
of DRY206s watershed harvested from 2019 to
harvestedthno2@g®20ngyg harvest in 2021 (addi't
har v estleBd was visual |l y nsitrielK@®m gadhs sobrt hde sit
ti msampl iwags bluatt er adéntgheir e @Zmedr&beeht i n e |

Il magery was used to acquire forest harvest
dendiotry all sites except CF1B (Huang et al

from an Ontario Ministry of (OMNRr 202Radcir
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Figure 3.1 Map of study sites located in Drydé&®nora region.

Table 3.1 Characteristics of 4 harvested (CF3, CF1, CF1B, DRY2Yarmah-harvested
(DRY1AUP, SN1, DW1, CFR1) stream catchments including period of harvesting,

ver si

minimum buffer zone at the site, % of the catchment harvested, and years sampled
(bolded year used f@bjective 2).*CFR1 was not sampled in 2021 as it dried up.

Regi oSite NPeriod ha Minim % of Il ncreaYears s
buffe Catchnroad
zone harvesdensit
wi dt h ( k m/?k
CenteCF3 S -Bogmer ~3 78 1.27 t2019, 2
(CF) 2 0 2021
CF1 S -Bogmer ~30 35 0.®m®11.2019, 2
2 0 2021
CF1B S -SBogmer ~30 33 0.13 t 2021
2 2002 1
CFR1* R erence - - - 2019, 2
Snowf SN1 R erence - - - 2019, 2
( SN) 2021
Di nor DW1 Reference - - - 2019, 2
( DW) 2021
Dryde DRY?2 Summkeal | ~30 34 1.31 tz2021
( DRY) and Fal/l
DRY1ALReference - - - 2021

t



Ph.iCeline M. E. Lajoie Mc Master Universit

3.2.Ri.el d Sampling

Field sampling was t h(e2021802d )f amdbotelygi tom
(2021) objectives, wi2bhl2), |l cecrti ops( DE&XWY)
(2021) for the former and in 2021 only for
mi-August (basal fooBepiher ¢ectroye iy ) (aasal aft
sources, macroinvertebrates and fish) of 2
coll ected in August only based on results
(Fine Particulate Organicoal laet ©rgaRPOMMacCo
aqguabt oti [m) food sources were colmected in
stream reach. For FPOM, organican oub g threatsd r
bed, and conditioned alder | eaves were col
was scraped off plastic tiles suspended in
sampling using a t owtidRddk ulsahg awmidt hr i sntsreeda m nw e
|l ow growth of biofilm on some tiles, rocks
suppl ement al bi ofilm sampl es. I n the field

they coul d2®e frozen at

Il n September, macroinvertebrates repres
consumers were col | &omedmedi agdapscandar d h
rocks. Next, macroinvertebrates were coars
they wer C€Cr oZmad lag d pfrieschat(arosp wi t hin headw
were collected using backpack el ectrofi shi

and included Nor €hrersm nRuesd BeeohdW dyr darcies q(u s

8 2
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nacht Brebk) St Cao kiermdbac®e an s a) MU chimr a)n,b wmi

Fi nescaCler dsacmu () neblgaeb@dt Sgg)l,pawhridtie Suck
(Cat ostomus )c¢ommer Sbimi¢dkonsorsoepi s J(h@NReFr ol epi s
Licenses to SCalelngdtf iki Prurfpaorses No. 10993714
Mc Mast er D P n the field, fish were euthani
were weighed, and Mmeahpur evdtf onastsotaamld Ise mg te

they were&@C0CCrozen at

3. 2.\Bat@Gremi stry

Water samples were collected biweekly f
2019 and 2020, and from June to October in
due to-100VIeDated restrictions. For MeHg an
col |l ectheed cllserahigihtaynds met hod (United States
Protection Agency, 1997) in PET or PETG bot
water prior to collection. MeHgr asadkanpl es we
hydrochl oric acfirdi caaghed wrttoirledl amor at ory anal
di ssolved organic carsddon (s[aDpQCle)s awed es wlofld
HDPE bottles and wer eemf ipwéciegleedi gl aber tiaba
then stored in 100 ml amber glass bottles
S@analyses (Lam et al. 2024). 500 ml wate
analysis of Tot al Nitroge)n auedi&l] )randnTonal

anal Wattsr. esampk e not collected at CF1B.
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3.3.Laboratory Analyses of Food Web S

Al | samples werewpsheedsgleasuwamg tacimi ni
contaminati on. FPOM samples were thawed an
Imm. Under a dissection scope, any remaini:t
and sand) were removed from samples. Next,

tubes and centrifuged to remove excess wat

in glass vials in the fr80€zéorud2i houhsyaw
homogeni zed. Bi ofilm samples were processe
sieved.

Macroinvertebrates were identified to g
classified into Functional Feeding Group (
(1996), and Cummins (2021). |l ndi vi dual s we

t heowest possliwdldé rre@peremite) to target 20
macroinvertebdaited fwer eaf mee&@@um aonfd 48 houl

homogeni zed.

Prior to analyses, fish were partially

(g). -bMhdy ehomogenates were used for both st

analyses ([ THg]) due to their smal/l body s
substrtuhe more commonly wused fillets for
| arger fish collected across years (n=34)

compared acr osGFibgu hwWhtdslses ubeo dtiyembe swed ef dmr ea z

8 4
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mi ni mum of 96 hour sd,r ifeids hf ofri lal entisngd @@urne offr e4

and all tissues were then homogenized with

3.3.89t.able I sotope Anal yses

Continuous flow isotopleRMat i %t anlalses Isp @ fc

Nature Lab; University of Nd&w oBr bmsvailc kK)o ovd

sources, macroinvertebrates, and fish tiss
1-1. 2 mg for animal tissues-3(@aemgoifrnvebtaasll :
sources were weighed i nt d otuisre capnulaed.s 1D
bovine | iver standard (BLS) for animal tis
maetr i al were run, as 'Wampbla}.dlipki asteageesw
waG. 05 BNfeoffr a known value (n=72/8 runs); t
a foN of a known value (n=35/ 7 runs). The

repl i cah3 RBS%UvafgbN (n=181) .

3. 3.Tot al Mercury (THg) Analyses

Whol e body fish were analyzed for THg |
TrGel | Direct MNdOr ddr) Afnall lyoeinnigr d rhae rUtSa |
Protection Agency (US EPA) method 7473 (US
bl anks, replichbamplaenpl @asd (@aveewyt 10i ed st al
( DORM4 ;-C NIRC, 2012)Thwerme ansack.l ati ve percent
repl i catsetsandreerach d@6WKH&% i(Bn@aiwasd . The perce

recovery of DORM4 (mean N5 Stwargphar d devi at i
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3.3.Methyl mercury (MeHg) Analyses of Foo

Basal food sources (CPOM, FPOM, bi ofil m
fish (n=39) were analyzed for |} MeHg] (ngl/ g
chromatiogd apthiyvel y coupled plasma mass spe-
and Evans, 1997). Macroinvertebrate sampl e
the same time and site, were combined when

Similarly, slouow cerassampded were al so combine

necessary. To extract MeHg from samples, f
(shredders collected in 2021) wunder went st
and fdiesshrweunnt KOH extractions in methanol pr
tetraethyl borate (Hintelmann and Evans, 19
control samples wé&8r @eirnaglundged:dulpllarckd e(s~4 n
certifned mefereals (n=2/analysis):- marine
456 ; | AEA 2a5B;andAEAARAO08), and fish muscl
CNRC, 2007). Extractions and distillations
(2021 and 20R3met hod st sawti on | imits ( MDL)
MDL for distillations in 2021 and 2023 wer

3.56 ng/g dw in 2021 and 5.97 ng/ g4%86& in 2
was 115.3 BAB58%wasndlOo@d. 4N 9. 2%, and DORMS3
extractions, the percenwtb%ecov29)y. ofT DéORMSI
di fference of duplicates was 16.N681%1%503% (n

extractioné®&i fnasiBBv epratiecbsr)at e sampl es and one
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bel ow MDLs and removed from subsequent ana
within the subset of fish to determine whe
(Figune Bhe average % MeHg of THg was 87. 4N

used in all stUtabkeguBht anal yses (

3. 3.WatGremihAntarlyy ses

Met hods and quality control measures us
Lam et al. (2024). Briefly, twkweeaaen &loy aé d Me
using aqueous phase ethylation and gas chr
mass spectrometry. For each run of 12 samp
i ncluded. The detsgeitwaosn O0.i0On2 tn gf/oLr a[nMe Hghe r
of duplicates was 7 N 7%. DOC concentratio
Shi madzu TOC analyzer following EPA Mashod
analyzed using a Metraobgnr B0 fcolmpawitng oBPA
(USEPA 1997Bwer el Na naanl@Gyr sdead 4d.ta ktelse For estry Ce
using standard met hods. Specifically, both
'l using Automated Cadmium Reduction (TN),

(TP) .

3.4.Statistical Anal yses

We conducted all statisti-tell)anavoydseds i
assumptions were assessed by-quarmnaphilealplions
residual s, histogr 8&8ma pW fl krsesshiadpu asfod 1t cetsst o m e |

I n base R) to verify normality. Homogenei t
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fitted plots, afsl iwgnéu.atce sFrtbh)nigeridaseeRBR) . (F
comparuissloimgsear Mi xed Effect Modelk atLMMs) (

not meet assumptions wéreokrmgl.itgnesftohmedr

3.4.Macroinvertebrates

For statistical analyses, and because o0
pooled into two groups afteltNcowoabe@sr@ti on
Figune B2Aaprimary consumegrad hereup i(rleelpu dedc
Baet,Cdaeon)omi dlaledndbeérasil ( us, Li mnephilus, L
Hydat ophywnhayphddri appleea so,LlyimhagStdaneonemand t he
col I-feiclt {Cehriepr rAa isecondary consumkirlot greusy
(Cheunmsaytope and )iyfca oplstyathieve prRtdialt @s,t @amids
and opoeatéesrhsna((, Cordul egast er ,L iSheraltuwlcihd ao
Epitheca)

3.4 . Remp&ompar i wWaotn@reonfi BotorSy yr,a@@® ns umer

[ Hg] , BAmdnaldagi fi cati on

To assess whether both August and Sept el
included in temporal anallNysvds,hiwme sddmeparwdd
usi ngt etdhte(n)cti on i n base R i f dWhiat nvey et gsatrs
usi ngi tbhexf emacitdn in the exact RankTests pe:a
wer ecppoametric. As we dhdvsérmnd@a@blfewB@latid er e

from August and September food sources wer .
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Fo®bjecticempari sonsodaf [WaQ@C]r, [fMeddd sour

primary and secondary consupé¢€ sekeHdHg] oavnd a

years were maWal luiss ngakKk uskmltests (CF3, CI
kr uskafluntcetsito(n) i n base -tRes tosr fboyr uuwsn enqgu aWNe | \can
MannWhJ t ney Tests (CFR1). I f signi-Wakhins di

t ests, -htolce D eppatsst were conducted with a Bonf
compari somsnumsfitwempcttt(iDen 1 n t hwei tBpha cakl aghdal d u n n .

0. 0206 nno, 2024) .

Acrossowmwpar s soas of fish [THg] within e

Sspecies present each year; the exception w
caught in 2019 and Northern Redbelly Dace
to coll ech mudemgaradg ewiftisi n t he A&Arsi giucal $amj
were collected downstream (CF1B) in 2019 (
sample sizes across years, Pearl Dace from

anal yses.

As fish [THg] is influenced by total | e
across years wer eWad d s ess steeds-tveisiad [KFedBAhaSIh t
TL only differed significantly across year
[ THg] were adjusted toamhenadmegbameSpeat i eactly
simple regresfsTldg] b@#tldvedeach!| yg@gar as a fixed
|l m{ ynction in base R (sh2r.e a\fetxetr, frtddfge raroeodu att

fish representing the mean TL across years
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ref @amaoihe afnlsn(gti ons from the emmeans packa
pairwise comparisons of | eastTuskguwgr rue tmearts
were used to detigdhrrdirnd ewlkameamea@lkHda in

emmeans.

Tr opMaigmi f Scoapeson( TMS) were compared to
Hg biomagnification withi-n dumieragnafaredtmwedt
periods.cdadaM&Sulwated using an Anal ysios of Co
transformedafiMesigegdof THg] of basal resourc
consumers, Gaperddeasmt asvsalthhadd ea anayv d hieatre, v
interact i*tdin amelt weeanr (2019, 2020, 2021) as
effects were assessedtydpieng .anfAndleysing eofa
significant,rtatmhewmbbelt wiats rte examine intei
an estimate of [Hg] incorporated at the ba
Il ntercepts were comparedi myalcome@arsi f & MMsT) i
covariiNgt @& s(t 9e 0 emsnedafpsnigéi on ispachk@M@ mmean
were first run with all species and food s
were also calculated omitting fish species
August food sources only. I n botadeddet 6 mn

compari sons due to | ow sample sizes in 201
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3.4 . Bemp&ompar i wWamn@&reoni Ratrraynet erFod[ Hg] of
Source®@namuder sBi oaad nHEait east i on

To determine whebfue¥S@QQUNPpus[ TMeHgand [ I
significantly acharswe shtae dv essvgeda calsi. WM Bso2n0 2 1 (
for each par amet mefryuweatei dn merdesmp atgtkkeabe ( Bat
2015). Model s included harvesting status (
and time (calculated as days since first c
site as a random effeetre(rfandaomtihntRersd eptch
Likelihood (REML), and significance of eff
Variance (type 111) witlan®aftutngcrttihowa iitne étsh eme
package (Kuznetsova eni failcarmRtoli7rnt.erl dcttihenm et
harvesti ngmmttradmuds(t)t be was used to compare
was -sniogni fi cant—_rumoavelt hower etre Significant

assessed by comparing estimated margi nal m

To compare [ MeHg] of food-haowrecsd s dacsritas
ttests were used. [ MeHg] of primary and sec
compar ed acr os shahrawevsetsetde ds tarnedamsonusi ng L MMs
[ MeHg] dapenbdent variable and harvesting st
fixed effect, and site as the random effec
REML, and significance of effects were ass
Sattbwaiteds met hogb.f Ilifnvseirdgnreibfriactaenst-,f rEoMM h a

harvested streams were compared.
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To compare fish [THghamcesssedharveamed
found at most sites Northern Redbelly Dace
compared. FWalslti, s at Kstuswa$ run to deter min:t
significantTlaypl ®&cmB&ass Tsi ded @i ffer signific
l i near regression between | og THg and fi sh
THg for a fish of 5. 3cmil;wdorceaelaccthl &ti esch., Tvoa
propagated back into the [THg] estimate of
original regression. Next, asikdMMf wlissth i as utf
dependert Warivablting status as a fixed eff
i ntercept). An Analysis of Variance (type |
assess whethersite Btensescés-hapsfpeétdgdnidandsc

was significant.

TMS were compared abnosseshaedvestedmands
sources, macroinvertebrates and fish coll e
| andscapes, an LMM wapHfitotisiogdREDMUTrwiesth
macroinvertebrates and fish collected acro
N as a ,wovhraatient afrfbacnidao vels¢ i waged t it tues a
rancdcedrm(ercatndom .i nStiegrnciefpitc)lance of effects wer
of Variance (type 111) with SatseghhWwaicaaid:
the mod#¢li twawstheut the interaction to test
I nt enéephtas vesheaerdveantdedhontreams were compar

covariiNgt & s( set etmmeGhssnilH g onhe
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3.5.Results
3. 5.Memp &frfad cFos ¢edat ve s Wa h@uraolni t y

We o0 b sseirgvneidififceacntts of f orest tBpai @Bdti ng
[ DOC] onl yi raga g thed amT4{tiCIFe®7.)BAt t his site, W
[ Methdar di ffered significantly across- years
harvest concentratiohardaestn@p€Ep=00R2DP5) Fan
di ffered significantly acrosbhayeaess (pwel 8

1.8d 2n3x during-hépv6s0l)]pafdopobdg), respec

I n reference streams, we o0bsoqd4svaedd omieg rif
three sitesTabpbfNB] BpSpPpeOBficall yrodamewdir an walt
~3x higher in 2019 than 2020 (p=0.0022), b
also found significant differences in [DOC
0.047). Specifically, at SN1 median [ DOC]
(0. 0015) and 2021 (p=0.009) at SN1; ~1.3%x

2021 (pBWlplandt~1.4x | ower in 2020 compar

3. 5. Remp &frfad cFos ¢dlat vest i ng Fom$SuMecHgs] i n

There were no consistent effects of for
(Tab32, Tapl eBB8fil m and CPOM [ MeHg] did not
harvestmpxl0. s08 eand 0.53). We did detect year
(CF1 p=0.01, CF3 p=0.[0Mé Hwyast ~@QK3,] ommeedi amurh
harvest-(ph@noOpfheaarrnvde spo s(tp=0. 02) . At CF1, me

was ~3x htilgahmhreprripeestt only (p=0.01) .
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We observed efagw darmhdregences i n [ MeHg] 1in
from ref eTracb@2ee TaplesT&Bpor al di fferences we
site (DW1) in biofilm (p=0.002) and FPOM (
[ MeHg] was ~7x |l ower in 2021 compared to 2

~2ZBZx | ower in 2020 and @@EXNA PRMOpEBrsepce ctta ved 1
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Table 3.2 Mean & SD), median, interquartile range (IQR) and sample sizes (Mebfg (ng/g dw in biofilm, CPOM and

FPOM collected pre(2019), during (2020) and post(2021) harvest at 2 harvested headwater streams (CF3 and CF1), and 3
reference watersheds (CFR1, SN1, DW1) in the Dnjidemora regionNorthwestern Ontario.-Ralues denote significance of
comparisons across years determined with Krugkallis (KW) a n d = We-lest* ih signtficant results bolded. Different
superscript letters denote significant differences in median [MeHg] of food saiupe€s025 for KW tests.

Biofilm [ MeHg] (ng/ g dw)
~ 2019 ~ 2020 j 2021
Me aM Medi | QR n Me adM S Medi I QR n Me abh SI[ Medi ¢ | QR n p
SD n
CF3l17.5N 17. 16.¢t 5 | 17.4N 10.%t! 6.36|] 30.1N1 22.218.3 |0.3
CF1 5. 1N¢ 3.9 2.1 &6 5.9N4 4.5 1.96 4. 7N2 5.1 2.:3 0.0
CFR] 3.8N: 3.9 3.1 5 4. 3N1 4.1 1.76 -----Jo0.5
SNil 4. 7N: 4.3 2.7 6 3.2N2 2.7 1.36 2.3N1. 1.9 1.13 Jo.1
Dpwil 3. 1KN: 228 0.4 6 1. 3N0 1283 0.3 6 0.4N0. o0br2 0.(C3 0.0
Coarse Particulate Organic Matter (CPOM) |
~ 2019 ~ 2020 N 2021
Me abdh Medi | QR n Me abdh S Medi I QR n Me ahdh SI Medi e | QR n p
SD n
CF3 1.1 1.1 --- 1 0.8N0O 0.8 0.6 6 1.2KN0. 1.1 0.13 0.2
CF1l 0.3N( 0.3 0.2 &6 0.3N0O 0.2 0.1686 0. 6NO . 0.5 0. 0.0
CFR] 0. 2N 0.2 0.0 5 0.3N0 0.3 0.36 -----]0.9
sN1 o. 3N¢ 0.3 0.1 5 0.4NO0 0.4 0.36 0. 6NO0 0.5 0.:3 0. 4
Dwil 0.2N( 0.2 0.1 &6 0.2N0 0.2 0.1686 0.1KNo0. 0.1 0.¢(3 0.1
Fine Particulate Organic Matter (FPOM) [ M
~ 2019 N 2020 . 2021
Me aM Medi | QR n Me adM S Medi I QR n Me abh SI[ Medi e | QR n p
SD n
CF3 6.9N: 626 1.5 6 3.5N0 3P4 0.86 8.6N4 624 3.£F3 0.0
CF1l 1. 7N 126 1.0 &6 2. 5N0 22 0.8 6 5.3N1. 50b2 1 3 0.0
CFR] 3.4R: 4.1 2.4 6 2.5N1 2.1 0.76 - - -----]0.6
SN1] 3.5N: 3.2 1.8 &6 1.3N0 1.4 0.6 6 1.8N1. 1.7 1.¢(3 0.0
pwil o. 9N 029 0.2 6 0.4NO0O 0P4 0.1 6 0.3N0. 0.PF3 0.C3 0.0
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3.5.Bemp &frfad cFos ¢dlat vestComgumear [ Hg]

I n harvesteoetserveadm$ ewwsi gni ficant diff
macroinvertebr atFe geuor@EaiBiheBl @Md Hf |sslhe [ THg
(Fi g@83 Eabl e B4 oss years. Significant diffe
[ MeHg] were found at(RCEQ. 0PFO. A¥)CBLLI medi
consumer [ MeHg] i ncreased dtharivegthampwe®st 2|

not di-dme rlpaprsvee St . ( LoW. sampl e si zes precl ut

secondary consumer [ MeHg] at CF1. For the
wider range in secondaryvesbndueameto| deélgat o
Aesmiyanphs and ~ 2xPthiilgohtsdiramji Mdldgle-aiomser ved

durhagvest, but no temgor PlEOddiaMfleyr, e iPeeaas | web
[ THgze di d not differ abuwoss hgeams eatmacChFRdDn(p
TL was sigBi{ple/@op aa 6csICMS at a standard si:
CBreveal3xd amd 2. 8 xi].dhui rgihnegr0 I[P miE PO IS)t

comparellatwe ptr e

Two of three reference streams exhibite
consumer groups, but the patterns differed
(Fi guzzaemgi3)@and tended to reflect tempeamal tr
di fferences were found for primary consume
for secondary consTanelrs. B9 p eScNi1lf i(ga=l0l.y0,0 3t)h e(r
medi an [ MeHg] in primary (p=0.01) and seco

compdarteo Tabl%® .BIAG DW1 we did not detect an
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po-eBbc pairwise comparisons for these two c
significant differences TiarbBigb;s hNd rTtHigd r ra t R eSc

Dace were ~ 1.5x |l ower i nTa2b0l2el.Blobmpar ed t o

A) CF3 Primary Consumers Secondary Consumers
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g 80 b .

a
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o o
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) oWt &S F &S
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75 f
50 = $
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B
o o N ) N N
N v v N v ‘1«
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Fi gB2[eMeHg] (ng/ g dwgegcofdpry maagr ainmvertebr
coll ected fA-CGmah@E-rCrést add( 3IC-CeER®reMEe (
-DW) stre@mi9pad@ri)yngan@OoOpdasdtarvest -in the D
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Kenaoergai on. Letters represent significant
Signi fniodiefce<0. 025.

A) CF3 B) CF1
1300 | size adjusted at TL=4.0 b Size adjusted at TL=5.2
2000
B s
3 1000 3 1500
(@) (@] _m
~ ~
g b £
= ey = 1000
o
et . T
L = S
== o L
o o N o S N
N % &4 N % 2
Dy Y P P P DY
PD NRD NRD PD PD PD
; D) SN1
C) CFR1 -
800 ab
250
a
s . 3 600 [ b
5 200 g
D 5
o
= . 2 400
D 150 =
=
100 * 200
o o o S N
N % N % &
DY 0y P P P
BS BS NRD NRD NRD

Figure 3.3 Mean [THg] (ng/g dw) £ SD) of wholebody fish (Pearl Dace PD, Northern
Redbelly Dace NRD, Brook Stickleback BS,) collected from harvestedJF3andB -
CF1), and 3 reference’(- CFR1, D - SN1) streamgre- (2019, during( ), and post
(2021 harvest in the DrydeKenoraregion. Letters denote significant differences within
streams across years in unadjusted [THg] (SN1, p<0.025) @el adjusted least square
means (LSM) of size adjusted Tidg: (overlay of red symbol and error bars; CF3, CF1).
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3.5.Memp &frfad cFos ¢dlat vest iBio mamg nHgSt ¢ @aimon i
Fo owWe b s

There were some temporal differences ac
but results differed depending on whether
model s included all food sources and fi sh,
preand -tpaorshwest arti gBHle Danld)ye (Ba&ci fically, TM
po-earvest (0(.®436) haamd pdwri ng (0.32) harves
respecltaibv el8yl)81 8 However, when this model o
coll ected in August and fi shhagrmrwestnts le@ge
i ncrea@ewi 0. 2o changes in the others and
di fference i n TM%bdwe B2t2i)mdé n(mx@®@.nBA;he mode
(Tabl e FB23 CF3, we did not detect any signif
model i ngFsgBfarFigqurfe BankRaa.blWes dBld/7, howevVe

detect a significantalnii ephrveg b ET@aphh @S B POt po

when comparisons included all species (exc
When models included only food sources col
consumers, significant diff er enkiegurien Bi4n,t e

Tabl & .B23

TMSid not differ sdiagrmiefsiteantsliy eatwhamy an

(p=060..35;,g835 e Tabl eerBWwhen only August food
consistently found across years were inclu
(p=008mEIi gure B4) . Tawl di B2RAowever detect sic

i ntercepts at one site only (DW1) under bo
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(Table B20; B23). Higher intercepts were o0
(p=05 0Op=0.008) and 2021 (p=0.007; pabl ®003)

B21, Tabl e B24)

A)CF3-Harvested B) CF1-Harvested
Fe BB+ 03N Ry =0 3 y=037+036x R;,;=084 °'../{.:’ ®

©
[}

3 °
y=13+025x R2, =068 ®
ol °

2 . .
H / |
O : s . 0
o | ,
S
o) -1
: 6 -25 0.0 25 5.0 75 10.0
L 15

o ~ N

E o) on Refergnce, E) DW1- Reference

3 R e y=-0079+0.42x R2, =072

3
=, 2 ,
y=-036+034x R{J:

o2 L
F 2
O 1
O 1
- 1

0 3 6 9 0 3 6 9 -25 00 25 50 75
615N 815N 815N

(.
Figure 3.4 Regressions oflagMe Hg or THg ( n¥/ ¢ adiMopd ver sus
sources and all consumers collected@@L9, during( ), and post(2021) harvest
from harvestedA - CF3 andB - CF1) and norharvested stream& (- CFR1, D - SN1,
E - DW1) in the DryderKenora regionNorthwestern ON. Equation of the lines and
coefficient of determination are shown in each panglfmp<0.01).
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3.5.Megi BfnfaelcFos ¢lat ves Wah@ireom stry

We observdecftewof harvesting on water ¢

weekly acr oss -hhaarrvveessit eeddc apnedls e owas a si gni f |

r

t

nteraction between timelaan@Tabkea nieildy ;i n
peci fiochaslelryv,edwea si gni frotesantVedetirmaseni bof
reat ment s, but t he dheacrlvienset ewda ss-Qnmder@én)sr d(sid ao
arvested sQr@@ns Fimic@.ek3FabB2d8 . BAWNe di d not
etect any significaPatcriostsent acctaitanesitisn ([p>0O
espectivel y)06)8 tBioniph pSHd0|[ B8] Oecreased s

i me @Op,=0@PPO0 and did not differ si @i fican

(Fi g86 Eabl e .B26
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Figure 3.5 Scatterplots of water chemistry variables A) aqueous MeHgo(log
[MeHgrotal), B) sulfate (logo[SO4%]), C) total phosphorus (lagTP]) and D) total
nitrogen (TN)over time (days; Jur@®ctober 2021) collected from harvest&f(, CF3,
DRY2) and norharvestedRY1AUP, DW1, SN] catchments in DrydeKenora
region. Models included site as a random effect.
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3.5.mao0d source [Hg] across harvested an

We observed significantly higher [ MeHg]
bi of il m) i n hkhaarrweesstteedd tlhaannd sncoanp e s . Speci fic
CPOM, FPOM and biofilm was ~4.5x (p=0.002)
(p<0.0001) hi,ghienr ,h arevsepsetcetd vsetlrjad g .BR&AN r e
When compari sons were made across individu
I n all foda@ak3d splouHecwshd¢c, cpmpaari sons only r e\
significantly @OMgared HiMefHigllmimetFWween one he

nomarvested (DW1) site.
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Tab33dMedi an NSBPHg{nNg/of dwod sources (CPOM, FPOM, and biofi
and -hnaornvested wat erkeirearsa None g hheea sDireprdmanOnegsardeonot e signi f i ceé
compari sons across siWadd idettersmisne d ewittelr sKrdiesnlodle signi fic

Test with Bonferroni Cor(rpe<cOt.iOo2n5 )f or mul ti pl e comparisons
Harvested Ref erence Kr usWadll i s
CF1 CF18B CF3 DRY2] DRY1AU D W1 SN1 W dfl pval (
CPOM 0.5NC 0.9N0O 1.1NO O0.6N 0.3NO O0.1NC o0.5N0o 12. 6 0.04
[ MeHg] (n= (n=3) (n=3) (n=3 (n=3) (n=3 (n=3
dw)

FPOM 5.3R1 8.4R4 8.6RKR4 1.8R0 1.4R0. 0.3Ro 1.8R1] 17.] 6 0.00
[ MeHg] (n=3 (n=3) (n=3) (n=3 (n=3) (n=3 (n=3

dw)
Biofi|] 5. 1R2 19. 0f: 22,
[ MeHg (n=3 (n=3) (
(ngl/g

8. 1R3] 2.5R0. 0.4R0 1. 9RP1] 18. 6 0.00
=3 (n=3) (n=3 (n=3
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3. 5.Reqgi BfnfaelcHag vefstCo mgummaer [ Hg]

Compar ilsarnwse otf e dh avrevr ssutse cholnandscapes rev
hi gher [Hg] in primary and secondary consu
forestry( ip@braaTiabfl-B32 Meani mary consumer [ Mg
~4x higherran®2a83ved4ted/ -hdwyetsh:®BauO9Gomnge
ng/ g dw) =0s.tOrle)amsSi(epielcamldar ymeansumer [ MeHg]
i n harvest ed/5slt®&®7a.ns nNg/aghgdew) compared to r
18-128. 7 ngl0glt Rlwh fi]JfeHi d not di ffer signifi
(rang@élLe69. 3 ng/ ehadw)lesaredd mooOr3éaBSMhs 8( nghgedw

(p="0 .1
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Primary Secondary Top Predator
p=0.02 p=0.01 p=017 .  Sizeadusted
at TL=5.3cm

1500

1000
500 * i
* '

-:-‘*-.-.ﬁﬂ_,_m= bk

SRLAS O SR PAE IS SRS
S Qﬂ,\v\‘ N KNS 0@*@ Nt F LS Qﬁ,\@ N &
& & &

Consumer [Hg] (ng/g dw)

0

Fi ggd6[eMeHg] ( nmprigmamy a&arfd secondary macr oin
and {ifHoGng/ g dw) of the top predators Nort|
DRY2, DRY1AUP, SN1) and Whi thea rSwuetskiBelds ( DW1)
CF1B, CF3,r DR¥YZDRaddOWA,, SN1) st rkeamsr a n Dr
regi on of Northwabtuesnr ©ptasent sPgnificant
(harvest-bdraedt edph determined by comparing
(EMM) for primary and secondary consumer s,

[TH@]ze
3.5.Begi BfnfaelcHags vefst iBigo mamgnHd i cati on

There was no difference in TMS HeBWeen
and pooled refler38nNcestrrCRhheRI(@.FAD)1E6) B8 3
However, we observed a significantly highe

(p=0TaB) e®3)B35
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CF1 CF1B CF3

y=0.83+026 x R;J=0‘3s y=11+03x R%; =

3 | y=09+025x R%, =082 ®

0 [ ] Y @
‘ [ )
-1
DRY2 DRY1AUP DW1
3 y=062+026x R =084y
= ) Re ¥
= K Treatment
g-’ 1 ® <« Harvested
- « Reference
0
- £y
_1 )
0 4 8 0 4 8

SN1

8™5N (%)

Fi gBTRegressions of |1 o0g10 MeMg(d)y dadfHgf dmd/ g

sources and all consumers from streams 1in
harvested (DRY1AUP, DW1,KeSmdr)a wag gircrh,e dnso ri ti
ON. The equation of the |Iine and coefficie
( Rawj p<0.01) .

3.6.Discussion
3.6.Summary

The objectives of this study were to dete
dynamics in borddlemptoreadrmyf adhd owmeglhs compar i
pre durinég,arare®Rypeogsatoch al | y by comparing str

and-hnaornvested | andscapess.awornicttrhe¢gaBi@G] st aml]
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[ Hg] i n water, some predat-bayvestratnvbet m
i mpastted (CF3; 78% of ai tsdoreasrs h3mgm tbauhfdf rew ess)
and an increase in primary consumer [ Hg] a
catchment harvested) during harvest only.

al so observed at somel)r,efad nédmaueg hsitthes e( SN
decrease, rather than increase, over ti me.

variations i nl dagMS[ HgiltNenferdgoiosd sfour ces and ¢

across most sites were observed, these dif
made more comparable across years by inclu
fish species. For the scrcs nus iorbg edcati av eq o Irlee

year from harvested and reference streams
primary and secondanytméadcsbdinaedt abhagae/r
at the base of food wdld (tTHhMS irretf Erreemprtes ) a

May O@ct gbeve observed a sl ower +to0dd & nofstdealmis

in harvested | andscapes and of]seandd BN]mibL
no trend for [DOC] or [TP]. Overall, these
[ Hg ] in biotic and abiotic compartments of

3.6.MRemp &frfad cFos ¢(dlat vesti ng

Significant i ncr edseasnd f DaOCuneprics itetuee Hp s

(CF3) -adnud i-hmagrswest were | ikely driven by the
area |l ogged, and reduced buffer zone width
al. 2024, Huang et al. 2024). |l nadr eases i n
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catchments are attributed to higher methyl
i ncreased overl amddf ID®Ws do fHgp d rot it helsaet esy st
(Kreutzweiser et al. 2008, Bishop et al . 2
Met hylrmperecxuport i s higher i n Ekatcfh neetntasl .wi?2t
and this may explain elevated aqueous [ MeH
(35% harvested). Further, |l arger buffer zo
can rheyddurcoelcoquinealt i vity bet ween areas of soli
met hyl ati on hotspots in the catchment (Ek?®
effective at mitigating Hg risk than the 3
al. 2024) i ngtsrdgmmachs nery, such as the on
act as methylation hotspots and serve as a
and Hultberg 2004) . Narrower buffer zones

DOC fromibaéreadtdJryoortmg rftrsain detmaayl .hed p20)xpl ai
fold increase in [DOC] obser-vadvast CFA but
concurrent study found that al |l ocharhweotus

and was r ef | ecttoeidt rboyg ehn grimeetoidaasd ¢iu asnegd et al
Further, concurrent studies at CF1l identif

aqueous MeHg and DOC during harvest (Lam e

str eamenstesd,i and 3) high sedi ment [ MeHg], wh
all ochthonous inputs of carbon were iIinflue
MeHg at this site (Huang et al. 2024; Lam
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The elevated [ MeHg] or [THg] in some pr

CF3 -pastvtest supports results from other st

2022; Charbonneau et al. 2022) (buyt see de
i ncreases in [ MeHg] of sedi ment and water

consumer [ Hg] was also observed in harvest
i ntensity (Negrazis et al. 2022),ue@oudbduffe
[ MeHg] (Charbonneau et al. 2022; but see W
and el evated inputs of DOC from harvesting
2007). Our findings contrast wi¢hamheednl vy
consumer [ Hg] before and after harvest, as

[ Me Hg }h aprovsetst t hat was attributed to greate
i nputs and subsequent biodil utoiiomnv eaft eNbetag e

Our studies may differ due to differences

2) energetic pathways in streams, and 3) h
example, the previ-ousdeslt bdtyreeaacmurirre dF @ mn d ¢
were heavily bordered by conifeeoustttees

compooénssream food webs were derived from

Conversely, streams herei rsearle abvcersd ecrod d elcyt
decompose within, serving as I mportant foo
such, It is |Iikely that energetic pat hways

may be more iIimportant td49t meamsnawi tblei n hee

route of consumer exposure to MeHg in that
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exposed to MeHg through heterotrophic path

a food source as evidenced by th&€hlaptlrof

2. As such, di fferences between these studi
herein, and differences in resource availa
observed an increase in algal bi omass in t

observed a bacteri al bl oom ats CeV3i,d ebructe d hbiy
di ffer epared -lpaonrsuerse bi of i Il m [ MeHg], and hig
po-earveshi s may have been because the bl ool
(Leclerc et al. 2021) which may have count
201®&n2)) may not have been a major food sour
pal pabil ity ( Mcanhderingy ceotnsaumpt20o2n3 caused |

(Well nitz et al. 1994) .

We may have observed higher [-Hgr]lvesnt som
only, and fisaalardreersitnq@tarCdE3pobtut not pri mar
di fferleinfcespams. ddareleadees fliosnhg earrudi ii f elstpiames
primary consumers, and bioaccumul ate Hg ov
2008). We obser vedo naftgehserr h[aMevhkegs]t ,i nbut not
may reflect the increases in [ MeHg] in wat
exposure afterwards. While we didndét see a
consumers, -wel diidmceeasd Xolttri ca@pt edat omy s
(Roushwhb@B) nsauyg gadl sstwat ed bi oaccumul ati on f1

environment ahlar[vMesHg.] Dpiofsfte ;@ rad e L Fi3n mfaiys ta | [ST
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explained by differenhReasr |li nDa qaengioasddr s/deusril re
(Northern Redbelly Dace), as species can Vv

physiology which affects their [Hg] (Ward

TMS di f feerrde dpagpgsntee st at CF1 only and reve
rates of bi orag wiefsitc atotragrar pelalsrtti o gp hear vest ,

l i kely bwfhusemabktd number of Hgpecioeéd ewit teld i

l ndeetharyvest , we were able to more efficie
macroinvertebrate consumers due to | ower w
organi sms at intermediatemiHagijl w,ndWial Igeankeér
(2019) diobwenr viei omagni fication rates in stre
those with buffers and reference sites, bu
|l evel or gsamriesdmser(s). ei.n the stream without L
bi omagniAfsi catnisaamer [ Hg] varied |little acro
were | ikely driven bhyndt g ercumbseri nacfl uidredi vin

than effects of har Whsti eowdiHgs blisawmaghodmnd al
bi omagni fication rates in harvested | andsc
amounts of [ MeHg] ati n hiempacstee (diNfec girtheoeh inissoneds
2022) which was not observed at CF1. The I
years at this site when comparisons includ
sources further supports noagreimpiocat i ehmfral

her.ei n
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At CF3, inputs of Hg at the base of the
i ntercept, were diiagriefsitc amtmpy vieidd i evh pm e snto d
i ncluded al | -hfaorovde ssto,urkge smayPohsave been mor e

hi ghemg][ MeaHsedi ments and water observed at

204). As such, it was surprising tédsat ther
hi gher [ MeHg] in sediments and water can b
( DerFeost et al . 2007, Jardine et al. 2013, S
observed imarewd £thesd viedryd s c apEhse (I Mecgkr aozfi s et

di fferences in TMS intercepts wshuegng eSsetpst etnhba
i ncor paddittiingnal food sources in models <car

regressions

3.6.RBegi BfnffaelcFos ¢lat vesti ng

Di fferemcaetde ¢dnfi ndheof rojaver bpMemE g n
har vest eldarawmeds theodh | ar d © wa peel de vlrait keddley] Me Hg] o
in food sources from harvested streams. |t
[ MeHhdarobserved in harvestedhbasar éams| héyei n
studies have found that d&dgyeathsr[plesg]t do(aPorrv
et al,SkyloloBerg et al. 2009) (but see Al Il an
[ MeHg] in biofilms from harvespeadaket oé ams
agueous MeHg through facilitated transport
which in turn could explain elevat-ed CPOM

stream biofilms (Negrazis et al .-wat0€2r2). FP
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i nterface which explains its elevated [ MeH
represent an i mportant site of ,deldg met hyl
met hyl ati on acwi vihd hleswicdglulamgyv esasal . 2024
We observed differences in primary and
[ THd.e across hahaevéestledndandscapes. Higher

| andscapes can be attributed to their expo
Murray et al. 2020, Negrazis et al. 2022) .
se®esialnd t her ef otroee parrees emar ar edaireknatloyn chi t i ons (
2013) tHamnweldonfgesrh t hat tend to migrate and
over | onger time periods and at greater sp

macroinvertebildygteo anespiharye elfifket s of rece

Harvesting did not affect Hg biemagni fi
harvested | andscapes, but inputs of Hg at
| ands ecagresatwer (TMS intercepts). While ot he
i n TMS across -harwesttedl laaandd nmoaapes t hese di
observed in all harvested treatments and w
(Wi llacke&rmldt alr el evated forest managemen
Res slutgg dhatt hfao rvedsdteisn gnot af f ectbitohnea gnaitfei e sn
buithnstead increases inputs of Hg to the bas
inability to identify any <c¢l ears g dgtetstrts o f

mechani sms -apecifkel yAsi heulg@aseesiutl tiss ape@s si |
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explained by other physiochemical and bi ol
et al. 2010) .
3.6.Management I mplications and Concl usi
Our results and those of Lam et al. (20
harvested | andscapes | ead to elevated [ Hg]

may exeacer bated by reduced buffer protectio
har vest he .waSterresshnesd t hat do not appear on f
such asdeCsFi3gmateed | ow potential,asn@naist iswicthy
may be crossed by machinery and 20®k0)nlAs g
we oOoObserved incrempsaddagigdbusn| Blekhg consum
smal | bufi fkaeMdyzmamte of fer enough protection ¢
Furthergoeat et hphraorptoérsiti otno @k pl ace at this
beyond management -60c &6;,mme héd dOMNKRaROHQAAPIToO
mi ni mize environment al i mpacts. atn C&®8di tio
|l i kely exacerbated the effects caused by i
collectively contributing to higher inputs
reach. Sandy soils in the CF mgpairend haovetad
soil tymems eandkely to export Hg bound to D
2022Lam e}x. aAsouzWaseusguglatgsa r t i cul arly i n sanct
speciahouolgdetkom mi ni mi ze di sturbances to s ma

buffemaznonegate Hg risk.
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This study ai mdd ttempadtaeiream@imen &lhee f(f ect s

vest on Hg bioaccumul ation and biomagni

nd that forest harvesting regionally in
eam food webs, whichnimatuohnVedt ébr ai g
pari sons of t wloi fhfaerrveenscteesd isni ttehse wpirtohp or t

vested, and buffe[rD@OCnheand ea gtahtliatdkseil [ykle Id
hi gher [ Hg] in fish andmpaosniee & r(e7d8at or vy
vested) with narrower buffer zones (3 m

ssing streams with machi mage)| pamdti gdd @

ects of forestry on Hg dynamics in stre
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ChapteBedweservoivasi EEBVecbswmsnt r eaBorkagli n
St r efono\We bAC r oHas veWdtealr sheds

Abstr a

S

Bea

ct
ver reservoirs and forestry are | and
er of mercury (Hg) to stream food we

increased methylation within the | a
Both disturbancewsr atrler ova @be eyl e @ rat eatr
cumul ative effects on Hg bioaccumul a
am and downstream of beah©wharvessedvoi
watersheds in Northwestern @mtdari o f
us), macroinvertebrate consumers (he
s). When only harvesting effects wer.
trations ([Hg]) of water, aquatic f o
aitif on rates were hi ghheartvdasst enda rweaetsd res
st of these effects were absent down

oirs and harvebBéaraestaot|l andstapeye. .

hi ghert il [ Hg] was o0bsre veaodvlayo,mwnpsottreenatm aolfl yo

shifts in consumer diets from terrestrial

availability of Hg. The most extensively h
decreases in biotic [Hg] and dissolved or ga
harvested sites had either increases in bi
reservoirs vary in their contribution to H

extensive harvest on downstream ldge rdsy niaitmi ¢
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i ncorporating the influence of natural dis
evaluating and mitigating the risks of for

f oods web

4. 1.l ntroducti on

Lowrder streams are tightly connected t
transfer of( Cowgdnnot maenhes from the [ andsc
and food webs (Lobwestaunrdd alnickeesn st 02 Ow0a5t)er sheds
key ecosystem processes and al depbahoad sweb
Il ntroduce contaminants from the | andscape
a strong capacity for accumul adndgf alnidagd o
(Hintel mann et al. 2002, Obrist et al. 201
can favor the transformation of Hg by anae

bi oavail able form methyl mercury.(MéldgrstKr

fires, beaver reservoirsnpdandeaetrRNoopsgennmin
di sturbances to boreal soils and wetted ar
surface waters (Bishop et al. 20m8@ygnwherien
food webs, |l eading to toxic |levels in top
reduced emi ssions of atmospheric Hg, Hg co
fishes (Tang et al. 2013, LCanwddhh, etthade 29
understand whether natur al and ant hropogen
driving sustained, elevated [Hg] in aquat:.
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Beaveassparne ecosystem engineers whose ¢
natural disturbance that can have consider
Reservoir complexes with wetland condition
dams by theanldooédigetgaovi onpl soil s, and tree
subsequent vegetation decay increases o0orga

conditions that enhance MeHg production an

dwnstream. l ndeed, significant increases i
(Driscol |l et al. 1998, Roy et al. 2009a, 2
periphyton and predacious macroinvertebrat
downstream of beaver reservoirs. These inc
ol der dams export | ess [ MeHg] downstream c
2015). Reservoirs can further 1 mpact water
biwai |l ability. For example, reservoirs can

(DOC) concentrations, (alhc k empeotr talnt 20 Ig7Aa,ndL i

2020, Grudzi.nski et al . 2022)

Forest harvesting represents a major an
i n boreal regions and its activities can i

agqguat i c( Bkyls°tfe mest Laolg.gi 2@l 6machi nery can caus:

|l eading to | ess water permeability and inc
systems (Kreutzweiser et al. 2008). Furthe
cover can i nameavsad epoadlns sofi g cradating Hg

can increase run¢Bi shopMelHgat o 2008&amEk| °f
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Decomposing | ogging residuals provide fres
i ncreasing MeHg wi t(hgkl °hfarete Bable.d s2 (alpa)s o mp a
best management practices (BMPs) to reduce
ecosystems. BMPs such as a minimum buffer

i n wetted areas were mostlg pgeesgned bbode
but may also reduce Hg risk to adj aaregnt ne
et al. 2024). |l ndeed, reduced Hg bioaccumu

with buffer zones compared to those withou

no increases found in [ MeHg] of tweast edru rainndg
and -pbasVvest in streams with 3i@Grmohbvefrf éorufdf e
(Huang et al. 2024, Lam et al. 2024a).

Forest harvesti pog caurd abceraovsesr bdoamesalc d and
have the potential to influence the uptake
shifts in food web structure. I ncreased n
haevting activities and beaver reservoir co
due to |l ess canopy cover may increase alga
stream p(rEondgulcatnidkonand Rosemondndldddecea&etdhe e
pramy and secondary productivity within a

bl oom dilution andWandr e ade atVi g2BMEA Ihr at e s

di sturbances cause increased fluxes of org
2017, Erdozain et al. 2019), that may shif
are | ower in MeHg than aquatic diets (Jard
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To date, few studies have examined how
i n aquatic food webs (Painter et al. 2015,
i mpacts of these reservoirs with forest ha
the effects of beaver reservoirs on Hg bio
food webs in catchments with and without f
sampled food webs upstream and dowmstream
harvéanddcapes. We measured [ MeHg] and tot
as stable isatNppasdo®&nbtmogenall resources
to determine upstream and downstream diffe
and diet within and across reservoirs. Fur
upstream and downstreamo wiathido mgoabbtit g|] aed
(leaf |l itter decomposition) werse rcecanm rainbdu t
downstream of reservoirs across al/l | andsc
hi gher within harvested watersheds and dow

effects on Hg would be potentiated by haryv

4. 2.Met hods
4.2 .9i.te Selection

Sites were |l ocated near Thunder Bay (TB
Canada; aliorgiék op&rdeerl ohveadwat er- hahnehms t
beaver dams and half had watersheds with f
servedmarsvested (dgaBI)Ahtereiseesvsoirs had r e

activity and 3 of the 6 dams had20&g8ehor fo
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TBreseyvand202020Does ®RYoVirsual observations
Levanoni et al. (2015), such as snags 1in t
and | odges were used to confirm the col oni
beaver dams appearieded, o0 @®ored oiltdeirs ounilrielcell
(newly created) systems. During harvest, f
along streams, were used (OMNR, 2010). The
m ni mal |l y Har%n)e satnedd r(elc®i ved mthonided mome sn
contrast, the one DRY stream with harvesti
only remebuédiand3wae extensi veFyrthhewveshad)
machinery crossed the stream, and visible

containing high organic matter directly up

The four TB %sntdrbeBadnesr ,arpear2 of the Lake S
and situated within the Ontario Shield Eco
20009) . The underlying geology of the regi
formations of basatksap@rionseet val cad0ag9) .
dominated primarily by mixed (23.5%) and c
sprPecee@ mar whinePei csepar Jugcked g(emb ifeass K al s amea
trembl i Rgpabpent)(emwhli Bieddd achapprnidf eaak pi

(Pi nus b)ankGriiamsaa Rets ealv.oi 20 Xx%h)a.r acteri stics w

drone i magery takenl dodsogpsummar a2020i san
using the Ontario Flow Assessment Tool ( MNI
OMNRF 2019c; Ldmb&lp. al . 20240b;
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The sttwoeams near-oDd§wrd$h2 and how within t
Wabi goon Ecoregion, which is mostly compri:
Precambr(iCan msoek al. 2009) and drain into
heaee hemi bor eal ,ofhalven g nrdetr ggtoinen yfeamrest +
al. 2022) and are primarily composed of | a
aspen, and eaBhejra wd¢ Meegwhalaes (al202220)22, I
The two DRY streams differ in | andcover as
sandy gl aci ol acushtarrivrnees tpelda isnt raenadm t(hDeRYn dRre f
exposed Booetdhr osctkr.eams wer e sa@pbapdend pPrevio
andorres@ohd( DPRY Harv 1) dmd dSNla p(eDRYh aReafc tle
were derived from the enhanced Forest Reso
and coverage accuracy: 90 %) ( OMN&Rds Ratoi6égl
data from the Ontario Ministry Natur al Res

al . 2022).
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Table 4.1 Landscape parameters of watersheds sampled near Thunder Bay and Dryden ON.

Reser v % Tot al Reser\y Waters Leng Mean Coni Deci du %
harve waters vegete fl owi of m waters Tree tree c¢cWetl e
ar ehap | ( %) direct chan sl ope cove ( %)
t he (km) ( %)
reser

(h &
TB Ref 0.33 1130. 10 1.92 7.6¢ 5.687 39 41.1 2.8
TB Ref 2.85 593.3 20 147.9 6. 1C¢C 6. 107 23.! 49.3 7.7
DRY Ref 0.0 2 2.47 3.04 4 4. 4 61 27 12
TB Har 10.3 1030. 70 32.3¢ 7.3z 8. 43¢ 33.: 57. 8 1
TB Har 13.8 715. 9 6 6 25.4 5. 4¢C 8. 46+ 32.1| 55. 8 1.6
DRY Har 78.3 710 - 0.08 1.7 70 27 0

*DRY Ref 1 armdorDRSPMardarnth CF3 Gh apetsepresc t2i vaendy 3
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4. 2 Ri.&Shmpl ing
4. 2. WalGiremi Qualyi,tSgdi eaDegtosi ti on

Water quwadrid ycalalteact ed upstream and down
during two &% 9D'psSe(pAuedbubseto blega2 072 1) . Tri pli cat
of pH, dissolved oxygen (DO; %), S8$ecific
were recorded with a YSI multiparameter ha
sampling trip. At each site, a spherical d
density (%Tab@lpamStoeam, depth (m) was reco

stream reach on the |l atter trip.

Water samples for MeHg analyses were co
bel ow beaved triemesg/vind ®Oicsh dbreoami hulDy yden, an:i
from eaQcltyoblewl yi n Thunder Bay. THaywdwBere co
di thtadns &6 met hod in PET or PETG bottles that
(USEPA RO99®&n .t o anal ysi s, al | Me Hg -sampl es
grade hydrochloric acid arGada adt aviage e ri s atmpé e
al secaceldl from each stream reach wi-th 1L HD
wei ghkhdglOas/is f iFlmer dfeitletreni :n.ati on of anions |
and phosphate), filtered waterlWw@&s3smbred

amber glass bottles for determination of D

al2.052 .
Daily stream temperatures were measured
using submersible temperature |l oggers (Ons
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attached to bricks (N=6/reach) and depl oye
twice perdbhodiayd.or MPaswereemeauhscesdl @toe mean d.

temperatures and degree days (sum of daily

To measure organic sedi ment deposition
Ssix omppo!l Yy@Propnl @ ubwespwe d g endh oi acrigpll aic e d
deposiatr imaoanhgea mptr eaqdugred®¥td{ s i n Kreutzwei se
Capel LAf2i6erlt)a t u,bmesc@a pp @ thiset r @ apdr e s evii ¥ & d

formaldethipidelct s mdBRedwe l @dsuteani mat i vity.

4. 2. 2edaift Deccomposi tion

Leaf | itter decomposition rates were me
as they are influenced by | andscape activi
2008b; Emi | slom Aeuguast. 202117,) .si x fine mesh |
|l eaves, n=6/reach) were attached to the sa
and were deployed upstream-4ain dd adyosw.n sRoveram €
packs wer e ndiensalr oaycetdi vbiyt ya at TB Reé&rg. Afte

stor-2@C aunti |l analysis.

4. 2. FoamBampl i ng

Bet ween WAwagwsiht 126021, basal food sources
from Sep'tombeler20721, herbivorous macroinve
macr oi nvertebrat es Gonnds ufmesrhse sweweer ec ocloll el cetcetd

their food sources because the isotopic co
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and consumers reflect thdbardichangtsalaft201:

(Coarse Particul ate Organic Matter, CPOM;
aqguatic (Biofilm) food sources were coll ec
Conditioned alder | esaveamwaceumol aecoerd &s

sampDetsrri tus (FPOM) wagmslblatyieoned ocfubstheat:t
Bay, biofilm samples were scraped off subm
i thowha-pdck bag with stream water. Il n Dryden.
types across streams, plastic tiles were s
month prior to sampling in August add then

with icepacks in a cooler and &Pt in the

Macroinvertebrates representing differe
coll ectedaondwaegp at k¢ ltiki g u eldimD-Nent ao rs t paincdkaer dd
rocks, csarsedyahdveéhen keplhbhoaodinedcfei ssimtwer
coll ected using backpack el ectrofishing an
( ONRF Licenses to Collect Fish folrOS&23Ehtif
Mc Mast er D JP Fi sh species varied among sit
(Rhinicht h)y,s laagk@ot@dsubsu §) pl Bmbeki sCSuli e& | eback
i nconst &gt hern CRedbelnyy CRace a(l UMnudani nnow
l i)ymi and Fi €dsosloemubBbaanebgabswere weighed ar
total | ength (cm) and wet mass (g) and wer

be fr 0€n at
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4. 3.Laboratory Anal yses
4. 3. Water MeHg@ndADO&nsoncentrations

Anal yses of wat ed{ataontdalo tMeeHg c[hveentigst ry v
conducted at the University of Toronto Scal
2024betLathp. BO02=f | woJwawesrre [sMeeHggm di sti |l | ed
were conducted through aqueous phase et hyl
with speciated isotope dilution mass spect
i ncluded every 12 sampsesméaorz&Me Hgnabamyse
Lam €t20&I5)The detectiocdbnaniamyzedorf of MORY r e
0.02 ng/L, and the relativdl pelaE mn2xRdal fer
For TB reservoirs, thMeddbgpaahso do .d0e3t encgt/iLo ma nldi
rel ative percent d2fRB e2r.e5n c% (oLfa Ml@eptl iaclat e2s0 2
concentrations were analysed following EPA
Shimadzu TOC anal y]z)er ,s wlAfdp tna rnt ¢ [a81®) o r[iNdDs3 ([
concentrations were analysed using a Metro

foll owing EPA Method 300.1 (USEPA 1997).

4. 3.2edi Demd s Latllhnoan ysi s

At the Great Lakes Forestry Centre (NRC
by pouring the contents of each tube throu
mm, and 250 Ompdi meabt diln5f Omesteod i2nedn tOm) 2 5ac
Om trmm) fractions. To determine the proport

mass, fine fracti ons -ansehreed wamanddgupre @f ill. t5e rOend G
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What man filters. Coarse and fine fractions
°C for 2 hours and-awmer-erossgaigni weagmet@f peef u
det eramfhnéreya { AFDWMix.al choag &ride diemo sfiitne n,
anado afr s@onaissre £ ® mb iamalid v ibdtehtleo t a | nha sashtdh e n

mul t ibpd 0. Ce d

4 . 3 .L3e &aift Deecro mp oRait teiso n

At the Great Lakes Forestry Centre, | ea
68 and weighed to cal culLatnbeX tmeaess allas 5.2 0A
of decormgoswdas ochet er mi ned usi ngi & hteh ee quaastti ¢

i ncubation dirsy tlheafi matsisatl Mheea ft ontaasls ,d eagnrde e

over the incubation period.
x 00
o | +— 70
0 €

4. 3 .4aborlntad ryyda sWedsh mp | e s

Al | samples werewpshedssloasnsiwainzee tac i d
contaminati on. CPOM samples were partially
remove debri s. FPOM sampl es wenr esitlvawednan
i nvertebrates and inorganics (rocks, sand)

samples were processed the same way as FPO
web sampl es wewae hetdorve dalis+ O& afieckrz e7 2d rhi oeudr sa t:

then homogémiszedowdist h ¢
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Using a dissection scope, macroinverteb
using Merritt et al. (2008), Wi ggins (1996
i ncl ude dStsecnroanpeencasd d telcaregpnt o ph!l ebi i dae and
Ephemenebli-igekto@reumat(dd py elred dygdaopsyche
shr edddyedrast ofphfyaaul t ati ve @Prtedajisdroamaasdp rsdnd a td
Boyearn@ar dul egalsn eDryden streamSteRBGsmancl
and Pl anorbigadaabdeprecs! (€t oonomi dae- and Lep
filtheydkemrespqy ctheNedndd raasnldi meep hi fasul tative p
and shiPeddess ogmds pAeejimalomsi ywedeapool ed int
replicates per site to targlelts ai nmdinviinmduura |osf
sampl e) . l nvertebrates were t hehOCf memaeze dr

t hen homogeni zed with a glass rod.

For st ahlnemliysatsaope ki nl ess dor sal muscl e
collected in Thhodgerh8mggebateswshweéerpe used |
Dryden to be consi st errti gwik)teh WVahnoolteh ebro doi negso iw
used for total mercury (drTiHgd )f.orWhao | nei nbiondui n
hours, fish w@useldefwas af mtagd@amdot i 4d8uksuw

then homogenized with glass rods.

4. 3.%t.abl e I sotope Anal yses

Fredeeed and homogenized basal food sou
i ndi vi dual fish tissuesl.w2rmg wieorghami malt ot i
3.2 mg for plant tisstifeds)anandNgnmalygyahdd for
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il sotopes using contispewcs r folheRMWSy,s ST dapbel er a t
| sotope in Nature Lab, Uni viossée ystodn dNaemwd 8
analyzed and included bovine | iver standar
standard (CMS) for plantL 9mawaesi iGad@2 Tahred ave
0.a83fdN of a known value (n=5 rund)fothe a\
€, and OBWI1of a known value (n=6 runs).

di fference of 'Bambl et wad(o@#€Cesdpdliao2w N 27
fodfN (n=108). More macroinvertebrate taxa V

[ MeHg] due to the |l arger mass requirements

4. 3 .To.tMelr cur yYAn@T g s

THg (ng/ g dw) in whole fisiewds Damalcyze
Mercury -8Aha(®M@Aerfoll owing the US Environme.]
EPA) method 7473 (US EPA, 1998) . Bl anks, ro
mat er iparlot efiins,h DORM4 (Wil lie et al. 2012),
mean relative percent difference between r
N 3.4% (n=34 pairs). The percent recovery

98.5 Kn4&59%.

4. 3. Met hyl mer c Arayl Y Readyggfr c eConsmudner s

MeHg anal yses of all food sources (FPOM
macroinvertebratesb6asdte)swkeset comhduicsled( m
di | wgtaisonc hr o mantdougcrtaipvheyl y coupl ed pl asma mas:

| CMPS; Hi nt el mann alnodw Ewaasnss ,i nlv9e9r7t)e br at e s a
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anal.Vyeesnsure that analyses were comparabl ¢
fami |l yupoerr greFnG was t 3dr gqetaé ¢ sfesr, [bMeHg f t her
replicates for analyses a similar taxon fr
Parag€Chpbbod sources and shredders under wen:
macroinvertebrates (except shrmatdlearsgl and

before ethylation by sodium tetrathyl borat
i ntroduct H CrPMS§os ttehnre bGC t her mal desorption c
samples, a blank and a certifi eeldbrbef drAenc e
2017) for food sources or -@WNRGQG,i s2h0 Omu)s cfl cer t
i nvertebrateseaprdusedh &Sampdestwll ations,

0.08 ng/ g, r edcs5o6v BanRdEMBe rod 1 O0AEA8 N 9. 8%. (n=1
standard deviation) and 94.3 N 12.04% (n=4

di fferences between duplicate samples were

and 9.0 N 11.3% (n 24tpactspnkortheodes bo
l i mits were 12.8 ng/g (invertebrates) and

wed8. 4 N 6. 0%nEcEi2kyemnebB@t ds N 4. 3% (n=6; f
percent obibopkereates was 8.9 N 8.3% (n=25 p

5.6% (n=6 pairs; fish).

Fish [THg] and [ MeHg] were compared wit
whet her [ THg] was a rkiagw2heabC e@hpr megnopef M
MeHg of THg across speTdlelsp w&id,85ass sNuclh . fOi

was used in subsequent analyses.
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4. 4. Statisalgaeés A

Due to | ow sample sizes for statistical
t wo groups after conisN dvearlRiteg sotn@ aoGa gtrhaepihr F F
ClCollgat bdbreprnoph!| ebi i dae, Ephemecreadpedsae,
(Pl anorShiechamptas hHgdadeée odlefnoa eanldi maephil us
were combined to create an fAher bipvyerdatgmrou
OdonaAaeahofa, Boyeri aco@td ddielreegranatt(omp)sy c h e,

Di plectrona, &gwydrbasytchae)i vt plredaomrsand

Tiered analyses were done to assess the
on water quality measures, sedimentation,
and biomagnification as foll ows. First, <co
only with and without harvesting (harvestin
made between downstream reaches only with
harvesting i mpascittse) .c oFmpnaarlilsyonswivwehrien made b
downasmrreeaches to compare reservoir effect s

in the catchment .

4. 4 Hi.rHat v bntpiarcd S c mhett (e stRes@ rimmd ct s)
Ti erAed!| yses

Statistical analyses for first (harvest
harvesting impacts) tieredwabenl ghemi werg a
par amet efogay OHeldapment (®podietaifond i tter deco

( &y , and [ MeHg] of food sources and of macr
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across stream reac-lkbstosynty eesheoxsérgdbhn)
function in the exactRankTest spapraacnkeatgrei c( Ho 1
Wel chéstts usifegn¢thieon in R i fAsdamptwemes pd:!
normal ity were aWisllksteadstusi agd SQ@Qpplrot s, at
variances were assAbbethaosbdbhngveevebheéaset ag:
predators were included in the above compa
[ THg] compari sons as they were present at

di fferences in Lakp &bubssosial e saemd tshesadgrsd
tiered anal y-8ab | usiithhgkstkiesksakl a htcetsito(n) iArs base
TL did not differ upstream or downstream a
and Wel cho6st @ swtos swmanrpd eused t o compare [ THg]

downstream.

Trophic Magnification Slopes (TMS) were
the ratbe®s mafgnHgdi cati on both across wupstrea
downstream (harvesting and reservoirs i mpa

model ing (LMM) wasi rcomdfuacrtmed wHg hg @rggeot r at

MeHg]) of basal resources, inverteWNates,

as a covariate. Modell smefrfenrcet i coonn d unc tl ente 4u s(iBma
Biofilm samples werelidxdbwdstdr éammofanabmee
were similar to values observed in fish, a
model s. Models included an interaction bet
harvestil?dd) wand reservoir identity included

139



Ph.iCeline M. E. Lajoie Mc Master Universit

effects were assessed with an Analysis of
anova(n)ction in the | merTest package (Kuzne
i nteractions were removed from the model s,
used as an estimate of [Hg] incorpaBated a
Il ntercepts were compared using e@N) mased m

set to emms(@ihygnathieon i n the emmeans package

4. 4 TRhi-Ti ¢ Aed| yWietsiRe@erComiprar i sons)

Wi thieservoir comparisons of wupstream ve
foll ows. Wi-rl &k otne sstiggnwedr e conducted to det
water chemistryiiofairviaableas ugprsd rleMentH@a nd down
reservoirs. Downstream and upstream differ
|l itter decomposition rates (k), and [ MeHg]
consumers were astesstoed Magiinnnge yWetl ehtdos. t Co mg
consumerr ef Hgali nwey conducted with fish and n
present in both upstream and doMmabsltegg eGlml si
However, atcobDfYarHasronsl had to be made wusing
caught wupstrMudmiammdowse ncalalldd¢ct eld fdeweslt rean
significantly only for Northern Redbelly D
was | ength correctse]dd (unhseirnega fat elri nceadl Hgerde g[rTeHs
as the dependiEhtavaai abhtindogs predictor

relation to reservoir as a fixed effect. N
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Northern Redbelly Damceandt cammaeaedTwi ohih. T

(Tabl eG4 C3

TMS were calculated using an Amal ysis o
transfor medndfldfakisgt ed [ THg] of basal resour c
predacious macroi nveeepgemdante sy alfafhalddf easdin c st
covariate, and wi titfNaard iprotsé nd otni d m b etl vadd o
fixedSegheti cance of effects were assessed
| f itnhteer actisomgnwds cmaon , it was removed fron
compared by comparing estimat@dN) masgsaenltm

usi ngmmé@nwncti on in the emmeans package 1in

ASiBC of consumers may weel ucco nipftreefdc an d u mer

consumer grouhi u sietyg.sotMa in U

4. 5. Resul ts
4. 5 . Hfechos ¢edlat ves Bomneétaleamams

Few i mpacts of harvesting were found on
and | ecaefcdmpaseirti on patseamaof rie(alaavbdde meser

Water chemistry garomcteird G dO®OCyasSY signifi

har vest eldarameds theoch | andscapes. Organic sedin
decomposition rates were also not i mpacted

I n contrast, some effects of harvesting
upstredmabd4det elsn (wat er , MelhdJanwerad useisg miff i[c a
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hi gher in harNesdiefdf d menmcessfpied@l food sour c:
and CPOM) were observed, but biofilm [ MeHg
| andscapes. Similarly, all biota (herbivor

Chub) had higher [ MeHgpMoomrs[ THghaupetst eaml
the poolt®&dsTHMSB, ficamilHy Jfpor@ddd i scotuerdc elso gand ¢ ¢
(p<0.001), and there waslith asndnhdriweantti nqts:s
(p=0.047). The harvested TMS ( 6ha3rlv)e swaesd s i
TMS (0.28) indicating higher ratebBi pdredg m

C3,Tabl €73C5
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Table 4.2 Median (range) dissolved organic carbon (DOC), sulfa@?), nitrate(NOs),
chloride(CI’), water [MeHgotal, Sediment depositiof¢oorganic), leaf litter
decomposition rate&dd), and [MeHg] or [THg] of food sources (FPOM, CPOM, and

Biofilm) and consumers (macroinvertebrate herbivores and predators, and fish species)
from upstream of beaver reservoirs in harvested (n=3) antianmested (n=3)

landscapes. P values denote sigaffice of comparisons between harvested and non
harvested reservoirs, with significant differences bolded.

Harvested,above Non-harvested,above
reservoirs reservoirs
Variable Median n Median n P
Water Chemistry DOC 18.04 19 12.23 17 0.09
(mg/L) (10.2157.04) (7.0837.10)
SO 6.60 15 8.76 15 0.25
(mg/L) (0.0437.56 (0.2546.26)
NOs 2.77 15 3.71 15 0.25
(mg/L) (0.2313.26) (0.23531.71)
Cl(mg/L) 6.82 15 2.76 15 0.27
(2.05-83.23) (0.57-65.1)
Water [MeHg] [MeHgiota] 0.39 19 0.14 17 <0.001
(ng/L) (ng/L) (0.130.97) (0.07-0.98)
Sediment Organic 33.43 17 35.88 13 0.51
Deposition (%) (%) (14.4673.73) (16.6852.80)
Leaf Litter Kad 1.0x10* 18 1.0x10* 14 0.65
Decomposition(Kdd) (degree (0-5.0x10% (0-3.0x10%
(degreedays?) days?')
Food sources CPOM 0. 34 9 0.25 9 0.27
[MeHg] (0-1163° (0015 3)
(ng/gdw) FPOM 8.49 9 7.00 9 0.14
( 4 -1447 2 (1:82916)
Biofilm 12.88 9 7.07 9 0.003
( 6 -4691 8 (2:8.253)
Macroinvertebrates | Herbivores 75.97 24 37.65 19 0.009
[MeHg] (4.72:185.38) (2.8377.10)
(ng/gdw) Predators 376.28 21 124.72 24 <0.001
(109.65 (75.91205.38)
1007.03)
Fish Lake Chub 696.73 15 391.73 13 0.04
[THg] (518.2% (314.97859.92)
(ng/gdw) 948.09)
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4. 5. QombiEhédcFos ¢dat ve stBermgReasred v &tiIresa ma

Downstream of beaver reservoirs there wer
gualaindlygani c sedi ment deposition but we o0b:
decomposiTabelBe.r aWagser( chemi st rsd, pPoO)Ehkitder s
not vary significant-hgrbetswedn|l hbadseaped. a
sedi ment dep®wmaoti timmac¢®©®dd wby harvesting act.i
decomposition rates were ~2x | owereslownstr

(p<0.001) .

We observed some effects of forest harves

reserTvaobdB8es. (There were no differences in te
[ MeHg], nor did weerdbeitveccrto ws fnaearemicrevse ritne br
[ THg] . However, we did detect significantl"
macroinvertebrates and water in downstream

comparing pool ed T MSa rovfe shiaa qveslsat nedde amlds enrowvne c
significant positiimeHg]eltdnt@ p<nt.hG 0l )b ekt umte emo
interact i*fdin amelt We@ervesting status (p=0.17),
bi omagni fication of Hg i n f oowli twhedut dupasntsrte

har v eTsatbil @6) C
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Table 4.3 Median (range) dissolved organic carbon (DQsD)fate(SQy?), nitrate(NOs),
chloride(CI’), water [MeHgotal, Sediment depositiof¢oorganic), leaf litter

decomposition rate&dd), and [MeHg] or [THg] of food sources (FPOM, CPOM, and
Biofilm) and consumers (macroinvertebrate herbivores and predators, and fish species)
from stream reaches downstream of beaver reservoirs in harvested (n=3) and non
harvested (n=3) landscapgsralues denote significance of comparisons between
harvested and nemarvested reservoirs, with significant differences bolded.

Harvested, below Non-harvested,
reservoirs below reservoirs
Variable Median N Median n |p
Water Chemistry | DOC (mg/L) 16.94 19 17.21 17 1 0.70
(8.7243.85) (9.09-32.45)
SO (mg/L) 6.58 18 10.41 17 | 0.08
(2.7318.94) (0.2529.97)
NOs (mg/L) 2.71 18 3.28 17 | 0.74
(0.22519.91) (0.22511.87)
Cl-(mg/L) 5.69 18 3.18 17 | 0.65
(2.35821.66) (1.3985.89)
Water [MeHq] [MeHgotal 0.40 18 0.23 17 | 0.002
(ng/L) (0.151.60) (0.09-0.62)
Sediment Organic (%) 28.54 15 39.90 14 | 0.37
Deposition (%) (5.20-34.86) (9.3664.08)
Leaf Litter Kdd 1.0x10* 18 2.0x10* 18 | <0.001
Decomposition(Kad) (degree (0.003.0x10% (1x10*
(degreedays?) daysh) 1.3x163)
Food sources CPOM 0.64 9 0.31 9 |0.27
[MeHg] (0:12908 (0-11317
(ng/gdw) FPOM 6.04 9 9.07 9 |oss
(1:1197 9° (0:184 4
Biofilm 6. 87 9 6.89 9 |0.53
( 3-2077. 51 (1-2319 4
Macroinvertebrates | Herbivores 73.64 20 25.46 19 | 0.11
[MeHg] (8.29186.24) (0.34213.20)
(ng/gdw) Predators 280.23 19 131.31 23 | 0.01
(64.40733.77) (58.45393.59)
Fish LakeChub 893.90 9 487.82 21 ]| 0.08
[THg] (623.091328.90) (153.47
(ng/gdw) 2256.65)

4.5 Bf.feB¢éasvReser v 80 mr Stadoena MsrfHa mve st ed

Landscapes

I n -hanvested

deposition,

beaver

and

|l andscapes,

| eaf

rTeashd reévQCi8r s M@ s t

| i t tweps tdreeccaormptocs id dwvwms t

water

few di

fference:

gual,exgeptar amel
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DOC (p=0.@9) and organic sediment deposition (%>xQa03) were significantly lower

downstream at one site (DRY Ref 1).

As for other endpoints, apart from one site (TB Ref 2), few differences were found
in abiotic and biotic measures of MeHg and THg upstream and downstream of beaver
reservoirs in notharvested landscapeBaple C11; Figure 4.2). Water [MeHgota] Was
significantly lower downstream at one site only (DRY Ref 1; p883Table C8), and
[MeHg] of basal food sources (CPOM, FPOM, Biofilm) were similar in the upstream and
downstream sampleBlost comparisons within consumer groups also showed no spatial
differences in [THg] or [MeHg]; the exceptions were higher Hg levels downstream in all
taxa at TB Ref 2, and lower [THg] in Lake Chub downstream of one reservoir (TB Ref
1) Upstream and downstream comparisons of TM
(Tabl e ,Clexcept for a higher intercept obser

i ntercept observed Tabwdst Fd4d®dmref DRY Ref 1

For reservoirs in neharvested landscapes, we observed differencig'stin
upstream and downstream of reservdfigire 4.3, Table C14.i*€ val ues of bot
her bivorous and predatory macroinvertebrat
Redbelly Dace) were | ower downstream of on

| ow® in Lake Chub downstream of another (1

146



Mc Master

Uni

Food Sources

+ CPOM
<+ FPOM
- Biofilm

0 Macroinvertebrates

+ Herbivores
Predators

Ph.ilC.el i ne M. E. Laj oi e
TB Ref 1 IB Ref DRY Ref 1

2000

1500

*kk

1000

500 *
a *| *%k
=) _g )
.
2 0
2 0 500 1000 1500 20000 500 1000 1500 20000 500 1000 1500 200
% TB Harv 1 TB Harv 2 DRY Harv 1
£ 2000
c
g *
[a

1500

1000

*%
500 *kk
*ekk———
*
0

Fish
<+ L. Chub
B. Dace
B. Stickleback
» N.R. Dace
-« F.Dace
-« C.Mudminnow & N.R.Dace

0

500 1000 1500 20000

500 1000 1500 20000
Upstream MeHg (ng/g)

500 1000 1500 2000

Figure 4.1 Comparison®f mean[MeHg] ng/gdw (SD) of terrestria CPOM,FPOM)
andaquatic(biofilm) food sourcesmacroinvertebratberbivoresmacroinvertebrate
predatorsand[THg] or [THgsizd of fish speciesollectedupstreamanddownstreanof
beavereservoiran harvestedTB Harv1, TB Harv2, DRY Harv 1) andnonharvested
landscapeéTB Refl, TB Ref2, DRY Ref2) acrossorthernOntario. Sitesfalling
abovethe 1:1 line havehigher[Hg] downstreanthansitesfalling below.Northern
RedbellyDaceat TB Ref2 weresizestandardize@at 4.7 cm andarepresenteds

[THgsize].

1

ver si

47

t



Ph.ilkel i ne

1B Ref 1

M. E.

TB Ref 2

Laj oi e

Mc Master

DRY Ref 1

y=01+0.33x R2=097

31 y=027+03x R2=08p 4
e

y=041+024x R2=0.89
y=11+023x R2=078 gi

o
"3
0

y=024+037x R2=091
y=0.16+036x R%=0924

oA

2
1
0
3 -
-1
= TB Harv 1 TB Harv 2 DRY Harv 1
T
° 2 - 2 _ 2_
> y=05+035x R =0.93» g y=085+03x R =084 y=11+03x R“=0.82
2 g| ¥=082+031x R%=04, y=0.58+0.31x RZ=086Mf y=029+0.36x R%=0,

4 8
55N (%o)

Uni ver si

Reach

@ Up
A Down

Species
e CPOM
e FPOM
© Herbivores
Predators
e L. Chub
B. Dace
B. Stickleback
® N.R. Dace
e F. Dace
e C.Mudminnow

Figure 4.2 Regressions of lag[MeHg] or [THg] (ng/g dw) versus®N of basal food
sourcesmacroinvertebratberbivoresmacroinvertebratpredatorsandfish collected

upstream and downstream of beaver reservoirs in harvested (TB Harv 1, TB Harv 2, DRY
Harv 1) and notharvested (TB Ref 1, TB Ref 2, DRY Ref 1) watersheds in Thunder Bay
and Dryden, ON. The equation of the line and coefficient of determinatichaven in

each panel (R p<0.01).
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Table 4.4 ANOVA to test for differences in intercepts of regressions of log Hg (MeHg or
THg (fish only)) versus **N in streanfood webs upstream and downstream of beaver
reservoirs in harvested (TB Harv 1, TB Harv 2, DRY Harv 1) andheouested (TB Ref

1, TB Ref 2, DRY Ref 1) landscapes. P values are included for main effectitérhs (
position in relation to dam). Significaptvalues are bolded with pink shading indicating
significantly higher intercepts downstream, and blue indicating significantly lower
intercepts downstream. In all reservditéN was a significant predictor of log Hg
p<0.001).

Main effects

Beaver Dam | °N Position in
relation to
reservoir

TB Ref 1 <0.001 0.97

TB Ref 2 <0.001 <0.001
DRY Ref1 <0.001 0.02

TB Harvl <0.001 0.04

TB Harv2 <0.001 0.04
DRY Harv1l <0.001 <0.0001
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(p<0.05).
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4.5 Hf.feBéesvReser vHarrwselamed capes

I n harvested | andscapes, we observed fe
chemistry variables and Il eaf | itter decomp
resenfvabt€9 .C8Most water chemistry paramet e
DOCwhi ch was | ower downstreanD.@®)9 ormd sroe s arn v
one of three reservosrgni(ifiBcédlathvyl)owae ob:

deposition=(o@@®.stream (p

Some di fferences were found in biotic m
downstream of beaver r esrdargWdier §abh ehbaitt e st
not aqueodd FdpMpHGBasal [ MedddyQROM,r ckePOM, and
Biofilm) did not differ significantly wupst
observed no differences in biotic [ MeHg] a
consumer [ Hg] (predatory macrToB nHaerrvt elb rvaetree
significahtdowmrdtervmdam of the reservoir. Cor
| ower Dbiotic [ MeHg] and [ THg] downstream o
herbivorous macroinvertebrates, predatory
Redbel |l y DOarcael avudd ndennnows). Upstream and do
TMS revealed no significant Halbdlfer@hi,esFiwg
42) . However, intercepts were higher downst
of both DRY Hav VT2 k44pWidt HTiBn Haeser voi rs, we O

consiutferval ues for both predatory macroinve
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site (DRY Harv 1), and in predatory macroi

and in Blacknose Dace(bntMpregablteamld) . TB

4. 6. Di scussion
4. 6.Summary

The objective of this study was to quantify the potential cumulative effects of
forest harvest and beaver reservoirs on Hg dynamics in boreal stream food webs, as both
disturbances coccur across the landscape and have known effects on Hg availability in
aquatic ecosystems. Overall, results suggest that forest harvesting can increase [Hg] in
boreal streams, but its effest®renot augmented by beaver reservoirs. Across harvested
and norharvested landscapes, reservoir effe@seequivocal as they candrease,
decrease or have no impact on downstream [Hg]. When considering impacts of forest
harvestingonly, we observed, higher [Hg] in water, all consumers, and aquatic food
sources (biofilm) and higher rates of Hg biomagnification in streams within harvested
compared to noharvested landscapes. When examining the impacts of reservoirs only,
we observedhigher [Hg] in all consumers at only one of three downstream sites, no
significant differences in biomagnification upstream and downstream of any reservoir,
and higher inputs of Hg to the base of food webs (TMS intercepts) of two downstream
sites when copared to upstream. At sites impacted by both forest hamgestd beaver
reservoirs, we observed few cumulative effects of both stressors on [Hg] (higher [MeH(]
in predatory macroinvertebrates and in water [Mekg) and no effects on
biomagnification rates were founéHowever, microbial activitiedihe mesheaf litter

breakdown rates) were attenuated downstream of reservoirs in harvested landscapes.

152

t



Ph.iCeline M. E. Lajoie Mc Master Universit

Upstream and downstream comparisons of [Hg] within harvested landscapes were
equivocal, with individual sites displaying no differences (TB Harv 2), increases (TB
Harv 1) and decreases (DRY Harv 1) in consumer [Hg] downstream. Additionally, while
biomagnifcation rates did not differ (TMS) inputs of Hg to the base of all food webs
differed upstream from downstream, with lower (TB Harv 2 and DRY Harv 1) and higher

interceptqTB Harv 1) detected downstream.

4. 6 . RordanveEthierd s Stome &dms i n

Comparisons of upstream harvested andmemvested landscapes revealed higher
[MeHgrotal in harvested streams, as reported in some other studies (Porvari et al. 2003;
Munthe et al. 2004; Skyllberg et al. 2009; Lam e@R4a) but response vadiésee
Allan et al. 2009; Sgrensen et al. 2009ab; Eckley et al. 2018). In our study, median water
[MeHgrota] was ~2.8x higher in harvested landscapes. Usually, such increases are due to
increased export of Hg bound to organic matter such as DOC from disturbed soils and
changes to hydrologic pathways, as weltlasto the increased methylation of Hg in
wetted soils (Kreutzweiser et al. 2008; Bishop et al. 2009iflekal. 2016; Lam et al.
2024a). As harvesting can increase DOC and other nutrients (Laln26R4aSkyllberg
et al. 2009; reviewed in Kreutzweiser et al. 2008) and sediment deposition (Erdozain et
al. 2018)i n a q u a t, it was sunprisingaghatsve did not detect any significant
differences in these endpoints. This may be because they often peak within the first few
years following harvest, although some studies have found longer persistence (reviewed
in Shah et al. 2022)ye sampled streams@lyears following harvest potentially missing

shortterm changes in water quality at some sitéswvever, f'eam water [MeHg] can

153



Ph.iCeline M. E. Lajoie Mc Master Universit

remain elevated up to 4 years phatvest potentially due to new and ongoing

methylation within the landscape (Skyllberg et al. 2009; Porvari et al. 2003). It is also
possible that higher aqueous [MeHg] herein may be explained by increased Hg
methylationwithin stream sediments pdsarvest (see Huang et al. 2024). While DOC
concentrations did not differ across landscapes, the quality of DOM exported to streams
may have as it can be affected by harvesting activities (Erdozain et al. 2018; but see
Charbomeau 2022) and may also explain the higher bioavailability of MeHg observed

herein (Lescord et al. 2018).

Elevated water [MeHgta] in harvested landscapes likely explains higher biofilm
[MeHg] and biotic [Hg]. Indeed, biofilm and aqueous [MeHg] are often correlated
(Cleckner et al. 1999; Bell and Scudder 2007; but see Zizek et al. 2011) as [MeHg] in
water is incorporated into biofils through facilitated transport or passive diffusion
(Dr anguet @&heeleviated [M2HGLIrYbjofilm in harvested landscapes herein
were similar to other studies (Negrazis et al. 2022; Charbonneau et al. 2022) (but see de
Witetal. 2014)Forestry canreamregacse@eudcnhni vity throuc
terrestrial export of nutrients (Kreutzweli
cover and stream temperatures (reviewed in
c a n td heghed algal biomass overall, resulting in the dilution of MeHg in biofilms and
in a subsequent reduction of the uptake of MeHg in the food web (Pickhardt et al. 2002;
Ward et al. 2010), as observed in a harvested reach in Scandinaw# éteal.2014).
Primary productivity was not measured directly in this study, howeveck of

differences in nutrient concentrations across landsaapgdndicate thabiofilm [MeHq]
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were not diluted by increases in biofilm biomass in harvested streams. Elevated [Hg] in
herbivores in these harvested landscapes was likely caused by dietary exposure to
elevated [MeHg] in biofilm (Jardine et al. 2012; RiMarray et al. 2013; Ward et al.

2010), which ultimately lead to higher [Hg] in predatory macroinvertebrates and fishes.
While elevated biotic [Hg] has been previously observed in streams without buffer zones
and in extensively harvested landscapes, a lack of differences between hamdsied
harvested landscapes has also been observed (Willacker et al. 2019; Negrazis et al. 2022;

de Wit et al. 2014) indicating that the effects of harvesting on [Hg] are context dependent.

We observed higher Hg biomagnification (TMS) in stream food webs of harvested
landscapes, a finding that differs from previous studies (Willacker et al, Ref@azis et
al. 2022). This was interesting as higher [MeHg] at the base of the food web is often
associated with lower biomagnification rates (Lavoie et al. 2013) and has been observed
in an extensively harvested basin compared to reference and intgnsareaged basins
in New Brunswick (Negrazis et al. 2022). While previous studies have attritheted
lower biomagnification rates to higher inputs of terrestrial DOC that reduced Hg
bioavailability, we did not observe differences in DOC across harvested and non
harvested landscapes. Elevated biomagnification rates at harvested sites herein may be
dueto factors we did not measure such as decreases in stream productivity and consumer
growth rates, and changes in food web structure (Lavoie et al, @Gid et al. 2010)
caused by harvest. Another study attributed lower biomagnification rate in harvested
reaches without buffers compared to those with 8 m buffers and reference streams to

variations in the importance of basal resources to consumer diets instead of differences in
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Hg biomagnification (Willacker et al. 2019). While we could not compare basal resource
importance across treatments in our study, our findings may differ as we 1) combined

streams with differing BMPs in our analyses (ex: 3 m and 30 m buffer zones), and

beause 2) the larger buffer zones employed at our minimally harvested sites (~30 m)

may have prevented increasesstream productivity (Burrows et al. 2021) leading to

more efficient trophic transfer of Hg in harvested landscapes (Ward et al. ZD10g Ir ,a |

t he mechani sms underlying higher Hg biomag
remain unclear, and more work is needed ac

practices.

4. 6. BeseEvfoeat s

I n two dfartvlestman| andscapes (DRY Ref 1,

water tf{MeHmi otic [Hg], and TMS upstream anc

of reservoirs, in contrast to ot her studi e

study systems. At one site only (DRY Ref 1]

downst bedaim iwmtredrar 4d M HGOC, whi ch suggests t
be retaining DOC Laludndg ewiat Ineldddpoasernvarsahbg? 0() .

act adHg sinks, as MeHg produced within reservoirs may bind to the OM in sediments

and settle within the pond instead of being transported downstream (Lan2@2 %l

This may be supported by elevated inputs of Hg observed upstream of DRY Ref 1 (TMS
Intercept) but not downstreardditionally, reservoirs had no downstream effects on
biomagnification rates, which are consistent with another study (Painter et al. 2016). As

we did not observe an effect of reservoirs on downstream biotic [Hg] at two non
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harvested streams (TB Ref 1, DRY Ref 1), our results differ from Painter et al. (2015),
who observed a consistent increase in biotic [MeHg] downstream of reservoirs that was
sometimes significant (predatory macroinvertebrafEs. Rocky Mountain streams in
Painter et al. (2015) are primarily fueled by periphyton and downstream increases in
[MeHg] of that food source explains elevated [MeHg] of consumers observed therein.
[MeHg] of food sources at DRY Ref 1 and TB Ref 1, did nffedsignificantly and as

such may explain why we observed no changes in consumer [Hg] at thosé sites.
contr ast tmoststudies havecobserl’etd doywnstream increases in water [Hg]
(Painter et al. 2015; Levanoni et al. 2015; Roy et al. 2009ab; but see Lara0&3lbut

the magnitude of these differences are usually lowest in older reservoirs (Roy et al.
2009ab; Levanoni et al. 2015). Compared to newly built reservoirs, older reservoirs tend
to export less Hg downstream as they contain less biodegradable carbign for
methylating bacteria (Levanoni et al. 2015). Reservoirs in our study are likely older, as
there is evidence of beaver activity at some sites up to 9 years prior to sampling (Google

Imagery 2024).

In contrast to the other ndmarvested sites in this study (TB Ref 1, DRY Ref 1),
we observed consistently higher biotic [Hg] downstream of TB Ref 2. Beaver reservoirs
can increase the exposure of consumers to elevated [Hg] by increasing the amount of Hg
incorporated in basal resources (Painter et al. 2015; Painter et al. 2016); we observed a
nonsignificant ~1.8x downstream increases in biofilm and FPOM [MeH(g] at this site.
Depletedit€ val ues of downstream consumers (exc

i ndiiecaa higher reliance'€ormsufchodss duiroded mdenp
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often higher i n2 MeaAdgan belagpnedictomoeconsumerdHg].
(Riva-Murray et al. 2013). Even so, downstream of this reservoir, médiam f i | m and
FPOM [ MeHg] were similar indicating that <c
l ed to the elevated [ Ménbhtelywe nweoesumabkeat
di stinguish between terrestrial and aquat:.
over |l &@fpivmggues of aquatic andut€erofestri al
consumeral snma be expl aiineat dyi dgl Ity el iugph ta kai
i norganic carbon (DIC) in downstream biofi
reservoirs (reviewed in Larsen et al. 2021
sampled food s@irswesh degplmdteldanmtrophic bac
been supported by downstream exports of me

2019; Larsen et al. 2021)

4. 6 HAf.fecdrsdHotfve BeagReder voirs

Downstream of reservoirs, we observed f
of water and predatory macroinvertebrates
bi omagnified more rapidly and [ Hg] were el
effecttseservoirs andTheaevessuhtse #elackaddsi
ofu p st r doawmstreanochangeswma t[MeHgroa] Within harvested streams (see
below). As harvesting occurred throughout entire reaches and not just upstream, it i
likely that Hg was transported via raff (Porvari et al. 2003) similarly to both upstream
and downstream reaches from adjacent harvested areasi ni mi zi ng any r es

The |l ack of significant differences in 2 o
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l i kely related to reduced bioavailability
bi omass dilution from excess nutrients 1in
evidence to support these mechanisms. Thes

effects of harvesting on biomagnification
i n most consumer groups at thhaersvee sstietde ss iweers
Ultimately, the | ack of consi st ennted ebsyer v o
their ability to both trap particulate for
(Painter et al. 2015; Levanoni et al. 2015; Roy etal. 2009a L i ul d2028)n aT keits a |
i's supported by biotic [Hg] both increasin
downstream of harvested reservoirs. As suc
to predict the combined effectsawmd WwWarwvamst :

further study.

Differences in landscape characteristics ragglainsite-specific downstream
responses in [Hg] to reservoirs and/or harvest. Recent work within the same regions (Lam
et al. 2024b; Lam et a2025 has demonstrated that streams within watersheds with
higher topography and with drier soils containing less organic matter have higher aqueous
[MeHg] downstream compared to upstream. This is because sites exhibiting those
characteristics may have loweadeline [MeHg] than watersheds with wetter and more
organic soils and higher hydrological connectiyvihatare therefore more prone to
disturbances such as beavers or forestry that can increase Hg within their waters (Lam et
al. 2024b). For example, Laet al. (2024b) identified TB R&fas a site sensitive to

reservoir effects, and elevated downstream [Hg] of biota herein support this. TBsRef
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also sensitive to reservoir effects, albeit less than TB Ref 2, yet the lack of downstream
increases in [Hg] in biota or food sourcegygesthat variables discussed herein related

to within-stream water chemistry and productivity play an important role in Hg

bioavailability independently of landscape. DRY Ref 1 has been previously identified as a
stream with wetter soil conditions (Lam et2022) and as sughess sensitive to
reservoir effects (Lametd#02%) and may expl ain why we didn
reservoirs at that site. However, the presence of harvesting within a landscape may
complicate these relationships. For example, TB Harv 1 and TB Harv 2 have similar
watershed characteristics (i.e., wette@ifsy, and are located within the same area asd

such, are similarly sensitive to impacts of reservoirs. However, [Hg] of biota increased
downstream of TB Harv 1, while no changes at TB HameB observediffering

responses herein may be causediffgrgnces in harvesting activities at both sif@esne

i magery revealed clearcuts bordering both
1, while harvest at TB Harv 2 only occurred on one side of the stream. As such,

harvesting effects on Hg dynamics at TB Harv 1 may have been amplified, and explain

the greater downstream response of TB Harv 1. However, effects of harvest are likely
site-specific, as [Hg] were lower downstream at DRY Harv 1, despite its sandy soils (Lam

et al. 2022), and this mayVvebeen caused by anincrease upstream wetted

the |l andscape(lcams20d Sbly. rutting

The upstream to downstream decreases in
this reservoir acted as a sink for Hg. The
harvesting intensity, more recent hmagvest,
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by machinery, hi gh(eametaO2D24g)hiaald piohesnt Ha l H
met hyl at i(bamethalo20Zg@ Bluarsg etal. 202Z8re st ream Ccr ossi n
|l i kely contained high amounts of Hg bound

|l i kely served as both a source of DOC and

al. 2024) that was not nobseeasdredwn OMr e @ in
reservoir |ikely influenced downstraeam Hg
| ower intercept-sdgwnstceam daedreases in [ M
sour €7exs l(o3wer i n FPOM a n@C @ilues bficdnsumearsaverp e c t i v

more depleted downstream of this reservoir, which may indicate a shift from terrestrial to
aquatic food sources downstream, and food source [MeHg] may have been diluted by
downstream increases in primary productivity, althoughwlas not measured. Overall,

the lower biotic [Hg] and food source [MeHg] observed downstream at DRY Harv 1
suggeststhat the reservoir is buffering impacts of extensive harvest on downstream Hg
dynamics. Future studies in highly impacted harvested landscapes should measure biotic
[Hg] upstream, downstregrand within reservoirs to determine whether dams are

buffering Hg risk to downstream reaches

4. 6.Gancl usi on: Beavers and Forestry

We found that the reservoirs created by beaver dams can increase, decrease, or
have no impact on downstream [Hg] in biota in both harvested antlareasted
landscapes. Variations in watershed and environmental and biological charactaristics
streamdikely influence [Hg] in biota downstream of reservoirs in harvested and non

harvested watersheds. Beaver reservoirs may mitigate elevated [Hg] risk to downstream
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organisms in extensively harvested sites with stream crossings and less pratiietion
buffers Beaver reservoirs provide benefits such as protection against drought and climate
change (Hood and Bayley, 2008), wildfires (Fairfax and Whittle2020), and extreme
flooding (Westbrook et al. 2020). Our study provides evidence of another benefit, as
beavermreservoirs in heavily harvested areas may mitigate [Hg] risk to downstream
consumersAs such, their presence within a forested landscape may assist forestry

companies hoping to mitigate environmental disturbances through logging activities.

Current harvesting guidelines encourage foresters to manage riparian areas near
beaver ponds for the regeneration of beaver food supply, consequently, the shoreline
forest of adjacent ponds is cut to establish early successional forests of hardwood or
mixed wood trees that are better food sources for beavers than older conifers (OMNR
2010). Harvesting within buffer zones of ponded areas, especially up to the shoreline,
may increase soil erosion and Hg delivery to adjacent streams. Foresters aim to emulate
and not exceed effects of natural disturbances (OMNR 2010), and current BMPs in
ponded systems could lead to higher exports of downstream Hg. While we did not
observe additive effects of harvest and reservoirs, our results show that both disturbances
can ircrease [Hg] downstream within streams, and others demonstrate that these effects
are likely dependerun sitecharacteristics (Lam et al. 2024b; Lam et28125. Given
that landscapes with drier soils may be more sensitive to harvesting and beaver
disturbances (Lam et al. 2024a; Lam et al. 2024b), we recommend that fewer older

conifers are harvested in riparian areas to minimize Hg risk to stream systems.
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Chaptasrsedssed whet hhear weishtdicrbgge agerf omesundme
cumul ative by comparing [Hg] in water, foo
upstream and downstream of beav-barvesteedoi

| andscapes -Kiemnotrhae abwrdy diennundetr hBaygt eegi Omisa o

Prior to this thesis, no sthaiwastxamin
beaver i mpoundments on Hg bioaccumul ati on
Chapter CAdr sugygwelsdatshef fects of harvest and
additive, and that in heavily disturbed | a
sinks protecting downstream systems from e
studies, to my bnowlaedvge hi on bleldylerofreser vo
experi mentvali rseindicate high Hg methylatio
subsequently high biotic [Hg] (Hall et al
il nvestigate the role beaver reservoirs may

dynamics within them.

5.5.Mitigating Risk to Boreal Streams

Results from this thesis were used to e
mitigating i mpacts of forest harvesting on
Chaptandredealed that the sitena(CBXWEBPRYDbHATC

and with annoeu rgta ecaf¢e e st ng I Nn%) tlsadvas iegsihfeidc & r

and abiotic changes in response to the har
stream communities became | ess diverse, mo
tolerant taxa. The changesnpawetrse olfi koerlgya niincf
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(OM) from the adjacent harvested | andscape
concentrations (DOC), and( Pargwar ic etedalmen2(
Erdozain et al. 202tpntLamseéet alb. sd@hd4ahnhang

site (CFl1) with widerEbuéperfaon€EB3ADRY | a1

across chapters had ~30 m buffer zones, ye
rates, and macroinvertebra¢eebcbmednhayvast:
and -hnaornvest edChapt-édc.apBosnvier sely, we observ

di ver si ty anedmii ctse,rytwadtegoro sni t i on, or | eaf |
across harvested andhragn-ér&h t2® essuegsgtelsa tsd s ¢ a

while effects on macroinvertebrate communi

QD
—
D
o

ot (Negrazis et al. 2022)

5. 6.Baseline and DBsesteabaBtee®d®Dat @Go mimu
[ Hg] of aBiidotreecovery

Except for a few studies, there is l|little
bor eal headwaters (Kreutzweiser et al. 200
Museltambert et al. 2017, 2Ye8n .badshelsi hdedat
steam communities, leaf | itter breakdown r &

deposi ti onChaacprtpoesrsazs i welsl (as b&baptapd|[ Big] ¢
I n regions that are underrepresersttadliimn htim
reference points for disturbance studies,

I mpalcndaeesd ng met hods from Ar ci Chaeawdskir &nd |

established Anormal 6 ranges of diversity m
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headwater str ekaermsorian rtehgei oDr.y dTehnese data cou
ecological assessments and disturbance stu
use in understanding effects of wlirmatic Vv
collected in wet (2019) dadeldirrye ([2H@]0, 0 f2 0RRi
downstream oCharpeteearay VApr o8i da a reference fo
to forestry effects on Hg and ehsexeethded

during harvesting

5. 7.Changes in Food Web Structure

Ot hers have documented changes i n basal r
harvested | andscapes that can alter stream
al. 20109, Negrazis et al. 2022), and Hg up
overlap in st abjl®) icsfottogrerse otfr icalr b(olne gf | it
aquatic (biofilm) food sources it was i mpo
using stable isot cCheapmserggigsmeodehgthmorend
wereassociatedavith higher[MeHg], potentiallyindicatinga higherrelianceon aquatic
foodsourcef Jar di ne e tMualr.a y2 CGelihutthi$ Rasn@abisi3tent
within harvestedandscapesuithin Chapter 3 andChapter 41 3C of some
macroinvertebrateseremoredepletedhanfood sourcessuggesting higherrelianceon
methanotrophibacterial Sa mp s o n .elheusadf addit@r@alti€tarytracerssuch
asfatty acidsandotherstableisotopessuchashydrogen(i*H) mayallow for the
separatiorof terrestrial algal,andbacterialfood sourcesn futurestudiesf Ha mi I t on et

2005, -Ruoirzr eest al . 2007, Er doz a.iHeaterarophia! . 20 2
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bacteriaaredependenbnterrestrialOM, andassuch,forestrymayincreaseheir growth
in streamsDistinguishingbacterialandalgal signalsmayfurtherelucidateharvesting
impactson streamsAs such,the useof thesediettraceran future studiess

recommended.

5.8. Forest Management Recommendati ons

Acr oL apltler)s e(f2f,e3c,t4s of harvest were mo:
Har,vll i kely due to greater forest Axmarvestin
such, the following BMPs have been propose

recommended herein:

IMinimizing the extent of harvest withi
suggested tboé&shafrdest )6 OT hwase dwasyb e d

di st uwibtahiicaen das c s ple s @ qrueednutbley ex port of Hg

|l anddoamear bpdstteamptakte .in stream foo
2Pesignating protection areas around i nt
mapped streams, and ar ealshiof nayyd rroeldougeciec

on stream macroinvertebrate communities
streams from terfebseqgaént apndschipeswill

stream food webs.

3)JAvoi d stream crossings, including those
strefms streamsdresasmm mdg CF3/ DRY Harv 1

of Hg methylation (Huang et al 2024) an
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have contri but edharovedte viar CGRd /MY i Hetaasvt al

(Chapter 3).

4 Mi ni mi zewihtahiiprasaireerms adj acent Cuor eertver
BMPS encourage forester sbufof éra napesdisaonl

ar gmesaesentwvwoiregenerate beaver food suppl
[ Hg] of biota dowmatot)ea m4o fi sr erseecrovnomernsd e

har vegteiddweiei Isi n t hmisrei Mg 2zeiss k ttoo near by

5. 9.Bibliography

Al alpAlg eand Rabdke2@@GBhangg ©®utnawat er and
sur fwactee itr aHhgsfp loIr o v iermdo @ QgtIAIC@ N a dai saeru d yh.e
Jour nahReoeyBEwe dAlc @ dhy Ag fuil d u rFeersainddg8i:5%0

Arci szewski T. J ., and K. R. Munki ttri
monitoring fr-aememopkogoamsonn exampl e |
fish health. Il ntegrated Envirohn/ednt al A
.Barnett, z. C., J. Boggs, and G. Sun. 2
communities to forest harvesting in the
Ecol ogy and Management 544:121217.

.Bi shop, K., C. Al | an, L. Bringmar k, E.

Johansson, A. Lomander, M. Mei Ii, J. Mu
Skyl |l berg, Ret tS&rleersge,n,anmd ®ff g dktes bdfom.
forestrly oamcchignul ati on i n NewmommehBalt ¢ @In ¢
fogoogl | vi cmlactmeEleo AAJ ourHuanano fEntvB&:onment
371380.

.Braaten, H. F. V., and H. A. de Wit . 201
type on total and methyl mercury in bore
EnvironmentdB iR4®] uti on

.Brown, A. V., Y. Aguil a, K. B. Brown, ar
benthic macroinvertebrates in small int
Hydr obi ol dpg2%. 347: 119

.Charbonneau, K. L., K. A. Kidd, D. P. K|
N. J. O6é6Driscoll, thatbml‘glt,éidlecm:rfmdwestfzozz

har v e s tcarnbga eolni tlyova nen dvy | nbeo@aocymul ati on

pr i meornys u meernsp ecetfa teme mwor ks? Environment al
Chemi stri@m5407: 1490

180



Ph.iCeline M. E. Lajoie Mc Master Universit

8.De Wit, H. A., A. Granhus, M. Lindhol m,
and J. Bl aszczak 2014. Forest harvest
Nor wegi an boreal catchments. 1®B&Brest Eco

9.Desrosi er s, M. , D. Pl anas, and A. Muc c i
accumul ation in periphyton of Boreal Sh
physiographic characteristics.i258ience

10kl ©f, K., R. Lidskog, and K. Bi shop. 2
on mercury 1in fish: Defining tAhe i mpact
Jour nal of the 4kbhuib6h3t Envi r onment

l11Erdozai n, M. , K. A Ki dd, E. J . S. Emi |
Kreut zwei ser, and M. A. Gray. 2021. For
I ntegrity at wvarying intensities and sp
spatially? T®9diaenEmvofrohment 763:144043.

12Er dozai n, M. , K. Ki dd, D. Kreut zwei ser,

stream macroinvertebrates on terrestria
i ntensity. Ecological Applications: A Pl
Amer i cOal 8289:.e

13FRuchs, S. A., S. G. Hi nc h, and E. Me l | i
stream macroinvertebrate -tomenallniftoreeastan
British Columbia, Canada. Candld4am. Jour

l4Garcia, E., and R. Carignan. 20&8o0xMerc
| ugi Usr om boreal | akes with | ogged, burn
Canadian Journal of Fi shidr3dises and Aquat

15Garcia, E., and R. Carignan. 2005 Mer c
harvesti-nmgpaantdedi €Ca&nadi an Bor eal |l akes
i sotopes of nitrogen. Environtnedtal Tox

16Garci a, E. , R. Carignan, andAmDnu®RI S. L
Vari ations i rCoMetemylr aMa roawsr y n Zoopl ankt
| mpacted by Deforestation or Natur al Fo
Assessméht. 131: 1

17Hal | B D., V. L. St . Loui s, K. R. Rol {

Paterson, and K. A. Pres€hce mawy kn 8280606 hel
bi ogeoc hbyecmiiomagit hogf I c u rtyt reelr & ubboyr et a n d
forest s. Ec 0x6y6s.t ems 8: 248

18Hal I , B. D. M. Rosenberg, and A. P.

D

i nsects fro an experiment al reservoir.
Science$205457..2036

l19Hami | t on, S. K., S. J. Sippel, and S. E
detritus for stable isotope or ecologic
fractionation in colloidal silicia. Li mn
157.

20Huang, H., R. W Mackereth, and C. P. J.
harvesting on mercury concentrations an
forest soils and stream sedi ment. Envir

181



Ph.iCeline M. E. Lajoie Mc Master Universit

2J.ardine, T. D. , K. A. Kidd, and N. OO0 Dr
effects of pH on mercury bioaccumul ati o
Aquatic ToXi3Bod&LeHgy 132

22J.ohnson, S. Sabotla, LL. LR., AlshkBenas, A \
Mel eason, and L. Ganio. 2022. Macroi nve
treatments following forest harvest in
Forest Ecology and Management 508: 11999
23Kreut zweiser, D., E. Muto, S. Hol mes, a
clearcutting and riparian parti al har ve
Il nvertebrates in boreal fori@2t52str eams.
24Kr eut zwei ser , bD. pP., S. S. Capell, and I
community responses to selection | oggin
headwater catchments in a northern hard
American Bent holD82Q2 2c.al Society 24:2
25Kreut zwei ser, D. P., K. P. GoodlitStersS. (
decompositionand macroinvertebrate comm
to upland | ogging disturbance. Journal
Soci eily5.27:1

26Lam, W Y., R. W. Mackereth, and C. P. J
concentrations and export from small <ce
before, during, and after forest harves
912: 168691

27..am, W. Y., R. W. Mackereth, and C. P. J
characteristics govern the impacts of b
met hyl mercury concentrations in boreal
Ecol ogy 3:025004.

28L,am, W Y., Mackeret h, R. W. , Laj2®@ic& A C. M.
comparison of the effects of beaver pon
metmgrdcury i n bd&mealr omanteenrt aHe Re.sear c h:
1085%..R1

29L.am W. Y. 2024c. |l mpacts of Forest Har ve:c
Transpor of Mercury in Boreal Headwat e
https:// oronto. schol ari s:bed#d/tsder ¥y@r / ap
55ch6638

30LeCr aw,
i nverteb

., and R. Mac kserad teh .vazd BbQ.i o ou

t

ut

a06c/ content

R

rate communities of headwat er s

1233.

31l.evanoni, O., K. Bi shop, B. G. Mckie, G
| mpact of Beaver Pond Col onization Hi st
Surface Water. EnvironmentiaR68dience & -
32Negrazi s, L., K. A Ki dd, M. Erdozai n,

A. Gray. 2022. Effects of forest manage
bi omagni fication along the river contin

182



Ph.iCeline M. E. Lajoie Mc Master Universit

33Rainter, K. J., C. J. Westbrook, B. D. |
2015. Efdleznmselofbeaver I mpoundments on
Rocky Mountain stream food webs. Ecosph
34Porvari, P. . M. Verta, J. Mprnat chtei,c easnd M.

increnaseurmetdmgd caurtyp utBofrrecanh@gd tc hment s.

Environment al Sci enie898 . Technol ogy 37: 2.
35Ri sMairray, K., P. M. Bradley, L. C. Chas
Scudder Ei kenberry, C. A. Journey, and I
carbon on mercury bioaccumul ation in st
New Yor k atnadl tFhleaiCoacsf South Carolina, LU

71.

36RoOY, V., M. Amyot , and R. Carignan. 200 ¢
water draining three beaver i mpoundment
Research: Bi ogeosciences 114.

37Roy, V., M. Amyot, andoRdinscCeaeraisgecnan. 200¢

met hyl ntencanyrati ohs eti de Crasveagléd mangi on and
ponajeg adi ent s. Environment alis56édlence & T

38ampson, A., N . l ngs, F. Shelley, S. Tuf
and A. G. Hi |l drew. 2019 .-de&relogitriagprh i acfal d rya
caddis |l arvae: A third way of fuelling
64177V .

39Skyl |l ber g, u. , M. B. Westin, M. Mei | i,

concent rraettihognrsc uorfy i n f@Gn elsgmmscoaNsteeqrue nc e

ofmobilizavi btnewletdiml|l ati on? Environment al
Technol og&54B.. 8535

4 0T.or-Re b z , M. , J . D. We hr , and A. A Perrc
stream food web: I mportance of fatty ac
Journal of the North Amerib22a2n Benthol og
4 1Wi I Il acker, JSmidth, CB. AM. EkgWwa&lIss ki , R. J.

E. M. Adams, D. C. Evers, C. S. Eckl ey,
Ti mber har vedodti oalctcaurmau |l meéri onr yand food we

headwater streams. Enve 4 nment al Pol | ut
42Wu, P. , K. Bi shop, C. von Br°mssen, K. I
and S. i ker bl om. 2018. Does forest har v
in fish? Evidence from Swedish Iakes. S

623:TL3%D.

183



Ph.ilkel i ne

M. E.

Laj oi e

Appendi SupApl ement ary

A)CF3

DO.mg.L
pH
DOC.mg.L
TSS.mg.L
Cl.ppm
SO4.ppm
TP.mgL

TN.mgL

C) SN1

DO.mg.L
Zond.uS.cm
pH
DOC.mg.L
TSS.mg.L
Cl.ppm
SO4.ppm
TP.mgL

TN.mgL

i - - £
2 E 2 g 8 3 3
g £ 3 .8 8 5 3
A B oA RS da R e
1.00 -0.56
1.00
-0.56 1.00 0.47
0.47 1.00
1.00
1.00
1.00
1.00
3
% 5 = £
o 3 E Pe 8 44
BEEEEEEE
& 08 i 2B & EE
1.00
1.00
1.00 0.51
1.00
1.00
1.00
0.51 1.00
1.00 0.62
0.62 1.00

=

Fi gur@orArlel ati ons
harvested
harvest ed

CF3

due

t o

B) CF1

DO.mg.L ' 1.00-0.49

Cond.uS.cm -0.49 1.00

pH
DOC.mg.L
TSS.mg.L
Cl.ppm
SO4.ppm
TP.mgL

TN.mgL

D) DW1

DO.mg.L
Cond.uS.cm
pH
DOC.mg.L
TSS.mg.L
Cl.ppm
SO4.ppm
TP.mgL

TN.mgL

bet ween

I nformati o
g. = c
-l
s 3 g £ £ B g
E B Q L ¢ E
o] 5 T . % 28 o
(a] () 7 W o (=3 O (D] =
1.00 0.58
1.00
1.00
1.00
0.58 1.00
1.00
-0.67 0.61
& oy
=3 y : = £
5 3 £ 2 ¢ 8 3
E = o 0 g £
o § 1 0 9% 238 o
o (&) o 0O + O »
1.00-0.63

-0.63 1.00 0.55
1.00
0.55 1.00 0.62
0.62 1.00 0.54
1.00
15/0.47 0.54 0.45 1.00 0.77

0.77 1.00

Mc Master

n

TN.mgL

TN.mgL

1.00

Uni

f

-1

ver sit

or Chapt

wat erf rohme i s

try

(A) CF3-hamd eB)t edF I )C) as8dN 1aammsain D)

INcontcesnatiahpaet § v i .¢my)

hi gh

col |

nearity.

Waesn d.eumd v ed

184

from



Uni ver si

Ph.ilC.el i ne M. E. Laj oi e Mc Master
A) CF3, B)CF13
24 21
s s
> >
el o
Q Q
£ £
© ©
a a
3 9 3 o4
X X
N N
- [l
o T 44
o o
id 2
-
oy
°
. -34— v . . v .
- -3 -2 -1 0 1 2
PC1 (27.6% explained var.)
C) SN1 D) DW1
o
21 24 S
% r <%
Coﬁg ’?@
~ '”5'.9,77 ~ e ®
8 ] )
s N, 5oC. Mo
2 L kS DPET
Q (7]
£ 04 £ 01
s = o
o [*%
x x
o L)
* Q [
& < o
9 o /S5,
= N “
o o 21 “n
O -2 Q
o
L
44

25 00
PC1 (25.9% explained var.)

25

-25 0.0 25
PC1 (37.6% explained var.)

T
5.0

Figure A2. Principal component analyses (PCASs) of all water chemistry parameters
measured in streams in the Dryeléanoraregion of Northwestern Ontario p(2019),
during (2020) and pogR021) harvest in harvested (A) CF3 and B) CF1) and non
harvested (C) SN1 and D) DW/landscapegConvexhulls represent the spread of the
data for each year (204feen, 202@range, 202-purple).
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Table RCA results CF3:prTalochmpodocbbhwoadedgsnot hehanal ysi s.
contributed significamtgegntovatbhes r<PC(halkded>0n4)ewv) t h
Vari abl elPC1 PC2 PC3 PC4 PC5 PC6 |PC7Y PCS8

DO (mg/L}0O. 44 .32-0. 0210.07-0. 460. 150.626}0. 285

p H 0.12 [0.380.320.760.00-0.180.3290. 01

DOC (mg/|0.5490. 0210. 200. 040. 10/0. 37-0. 309}0. 63

TSS (mg/|0.4190. 33-0. 010. 17/0. 34}-0. 690.2420. 12

Cl (mg/ L0O0.2740.31-0. 620.020.420.070.41610. 28

S04 -0. 2730.550.140. 330. 16/0. 400. 139 }0. 572

TN (mg/ L0O0.281-0.41210.340. 500. 270. 16}0. 3440. 39

TP (mg/L0.278-0.23.57-0.0%70.6120.340.1870.03

Eigen Val2. 44 1. 691.100.910. 73/0. 47/0. 37 0. 25

Proporti

Explaine30.6 21.213.711.49.2 5.9 4.7 3. 1

(%)

Cumul at i

proporti30.6 H51.865.6(77.086.292.296.9 100

(%)
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Table REZA results CFl:prTalchmpmodocbbioadedgsnot hehanal ysi s. Bol de
contributed signifi cagpenyvdlb0ed)<lo( Pl dhexadsi nvinérd) .

Vari abl ePC1 PC2 PC3 PC4 PC5 PC6 |[PC7 PC8 [PC9

DO (mg/L0O. 4110. 130.06/0. 590.08-0.320.467-0. 41 . 03

p H 0.51490.130.2%.02-0.230. 250. 421-0. 280 . 57

DOC (mg/|0. 45/0. 03-0. 09 . 360. 390.520.186}0. 35%0. 3

0 0

Cond. uS.0.0400.630.110.320.030.2490.4400. 37-0. 2
0 0
0 0

TSS (mg/[0. 040 . 240.540.420.3¢0.5150.107/0. 12 . 1¢
cl (mg/L0O.2410.140.430. 1¢0.6¢§¢0. 240. 3730 . 100. 14
SO4 0.02}0.6%.200.200.230.000.4570. 4¢ . 14
TN (mg/ L0O.03}0.2¢.620.3¢0. 28 .410.0370. 370. 14
TP (mg/LO.530.06/0.1(.270.300.080.1220. 310. 63

LY

Eigen Val2. 48 (1. 731.341.080.920.590. 44 (0. 240. 13

Proporti
Explaine27.569. 214.912.010. 26.644.95 2. 741. 5]
(%)

Cumul at.i
proportil27.566.861.873.884.190. 795.7398. 4100.
(%)
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Table RGA results SNl:prTalkchp@aodbbhtdadiedgs not hehanal ysi s. Bol de
contributed significantly (>0.4) to PC axes with Eigen val ue:

Vari abl ePC1 PC2 PC3 PC4 PC5 PC6 |[PC7 PC8 [PC9
DO (mg/L0.22¢0.420.27-0. 140.480.520.2230. 320. 04

p H 0. 4110. 240.120. 410.170. 160. 6990. 190 . 03
Cond. uS.0. 294 .270.510. 050. 36/0. 270. 249}-0. 4¢0. 2

DOC (mg/[0.1710. 42-0. 40. 170. 220.560.0430. 4@ . 2¢(
TSS (mg/}0.10}0.2%20.5¢0. 070. 47-0. 44 . 3950. 0¢0. 172
Cl (mg/ LO. 249 .210.04¢0. 740. 3¢ . 070. 430/0.010.01

0

SO4 0. 393

0.430.370.04¢0.3¢@.370.11-0.180.28-0.5
0. 130.330.39.170.040.1280. 19. 6375

.490. 000. 110. 150. 270. 0880 . 600 . 31

TN (mg/L

TP (mg/ L-O. 49

Eigen Val2. 32 (1. 731.440.990. 790. 710. 52 0. 280. 158

Proporti
Explaine25.88§9. 316. 111. 08. 857.865. 78 (3. 142. 01
(%)

Cumul at.i
proportif25.8865.161. 272.381.189.094.8297.9100
(%)
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Table RCA rdsuTaksl ©&W T plioladd m@deadotfaitmed i n the anal ysis. Bol d
contributed signifi cagpenyvdlb0ed)<lo( Pl dhexadsi nvinérd) .

Vari abl ePC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PCH9

DO (mg/LO0O.32}0.440.080.220.2110.760.170¢0.0¢0.0

p H 0. 352 .470. 130. 14 .090.280.687%10.040. 1
Cond.uS.0.3080.0730.38%0.20.620.410.3610. 020. 11

DOC (mg/|0. 414 . 120.390. 25-0.17.130.4250.6¢0.0

TSS (mg/[0. 2760. 23 .650.000. 170.02-0. 024 . 480. 4¢(

Cl (mg/LO. 13%0. 4¢ . 012-0. 740. 230. 0¢0. 1030. 35. 114

S04 0.4310.4%0.040.120.03-0.1270.0240 . 210.7

TN (mg/ LO.3410.270. 38 .490.00-0. 1¢0.3780.21.4H4

TP (mg/LO.33EO.17-0.25-0.0(-0.62|0.270.1830.420.12

Eigen Va@B. 38 [1.651. 340.920.820.430.24 0. 140. 03

Proporti

Explaine37.6 18.314.910. 39.204.822.69 [1.640. 3¢

(%)

Cumul ati

proporti|37.6 B5.970.981.290.495.297.9799.6100.

(%)
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Tabl eMefadNS@Ime diianer quarti hedammige il2QR)(n) of water chemist
conductividi gsooh $gem) ( mdl /sls)ogr ymbhir b on tOom@islp)esodedds chingr Lie

( mg/slu)f at e tqtnEgylé £ phor usndtmgl!f L géhect ed pfrre@ 19t) r,(e2ab30i)n g n d
po-t2021) harvest at 2 harvested (CHwatadsrnCé&tde-Kamdy d3@ nmmr ef er
regpoemal ues denote significance of com@alk i is® nFEeadctsso s(sCFRela r
onl)yabl e includes tHhk toesnhdsdagir €epiaag @ hd thielsedom i n

Conductivity (uS/ cm)

2019 2020 2021 KW or Wil

Mean QMedi]l OQ n [Mean QMedill OQn|Mean HQMedi]l O n p | Test
CF3] 70.3N. 62. 61. 10 96. 1N. 107.57. 7] 90.5N: 99.142. 19 0.2 2. 7(
CF1 98.9|>|: 98. /55, 10)J158 2~I*175 22. 81137.0N 148. 25. 1 0. 0 12. 4(¢
42.3[\1: 38. .26. 6 40.0l§l‘ 45.'19. 3 - - - - - - - - :|O.8 0. 2( 4
68. 2N 7.5 0.¢ 6 91. 4N, 6.3 4.t1Q 81. 4N 6.9 2.11 0. 2 2.6
123. 7 7.9 1.°% 7 160. 3 6.3 2.¢1Qq 192.6/ 5.1 2.°%57 0.0 4. 9(2)

Di ssol ved Oxygen (mg/ L)

2019 2020 2021 KW or Wi |

Mean QMedi]l QOB n [Mean QMedi]l OQN|Mean JMedi]!l QH n p | Test
CF3 7.9N1 7.6 2.710] 6.0N3 4.9 5.5 5.4N2 5.1 2.319 0.0 7.4(2)
CF1 9.5|§I1 8.8 2.¢10 8.7|§I1 8.1 2.:6 9.1NO 9.1 0.¢1224 0.3 2. 16
3.8l§|2 3.1 3.¢ 5 7.1Ng 7.3 2.(03 - - - --- -----4 0.0 2. 0( 5
7.6|§|1 7.5 0.¢ 6 13.7~N 6.3 4.°t140 7.0|§I2 6.9 2.]11| 0. 8 0. 23(
8. 7N4 7.9 1.5 7 7. 0N2 6.3 2. ¢1(0 5.3N1 5.1 2.%57 0.1 4.1 (

pH

2019 2020 2021 KW or Wil

Mean QMedi]l OB n [Mean fMedi]l OQN|Mean JMedi]!l QH n p | Test
CF3 6. 7N0 6.8 0.t10] 6.8N0 6.6 0.:5 7.2N0 7.2 0.¢19 0.0 8. 1(
CF1 7.0|>IO 6.9 0.%810 7.2N0 7.2 0.¢8 7. 7NO 7.6 0.t13 0.0C 12. 3¢

5.8|§|0 5.7 0.¢ 6 7.5%0 7.2 0.¢3 - - --- -----4 0.0 0
6.9|§|O 6.8 0.1 6 7.2|>I0 7.1 0.¢€10 7 4|§I0 7.3 O.(llI 0.0 7.45(
6. 8NO 6.7 0.¢ 7 6. 9NO 6.9 0. 14( 7. 4NO 7.4 0.t 7 0.0C 12. 2(

DOC (mg/ L)

2019 | 2020 | 2021 | Kw or wil




o

Wi

. 08(
Test

| Test

15.

11.
Wi |

| Test

10.
16

10.

Department
00
0 (
KW or
p
. 0(
9
KW or
|
00

p
D

217
1130.
0.
.51
211 0.
01qo.

€165.

8.
2.
3.
1.

1
€

L7
. 5

2021
f Medi] I Q n

. 00N

University,
fMedi]1l OH n
2 7.
12.
19.
13.
2021
fMedi]1l OH n

32.88N
14.21F
20F
49K
. 85
(mg/ L)
Me an

419 22.
81qQ17.
(mg/ L)

. 6

210.
4.
2.
TSS
.9 2.

¢

Chl ori de

2020
fMedi|l! Q N

£11.

Mc Master

33.
19.
14,
2020

fMedi]l OQN] Mean

fMedi]l OQN][ Mean
10.

30N
16N:
46F
61F
07f
32N

Me a n
8.

18.
14.
10.
Me a n
59.

Me a n

Laj oi e
4 10|31.
410
4
8

i 4.
€ 8.
4 3.
0.
1.

M. E.
1
K
2019
f Medi]!l QH n

20109
fmMedi[l O n

38N
43N1

14.
11.
14.
13.

fvmedi][l OH n
28.

ne
78F%1
33F
54f
58f
79F¢F

Me an
14.
12.
26.
15.
13.
Me a n
0.

6 .

Me an

.T0C.e |

CF3
CF1
CF3
CF1
CF3

P h

N S| —_— N N S|
~ <o |- wo
o W55 T~ ..

©~o of TN~
D R A P
o
o-°Z A4 0°®°
o© = o oo
.o 4 =1 I .o
co o o o

o o oo
- (@I I )
T Sl 4
-« " NO s . © . om

1 1
' (@] ‘10 o -
o 'ow .
- _‘\‘ 1.' ‘E_]
m 'ovo o —
1 2d T )
) .. co o -
ol o |
o '+dm - ™
~N S — N
- ==l kel-2 < -
1574 ~N5/ ~N5 1~N
1 1
© o _Jo = RN
< < S cl~ . )
' . :
. N ol "« ' o -
o o s[4 o<
()
(&) [ -)
~o ol Zlo~w© _
©
o< <ol Ll ™M © — -
cocools —Jod-oo
- lals o
— MmN ~lZ|-or~we
°
cococo 2W»OZOOO
_ _ - - _

Z 222 22222
O« M~ el vo o~
™Mo ML gf~©owom

.. o ...
cocoo slon-d oo
© W © cl~© oo
0O o WS7403
=) —Jooocoo
- - —_ 9 - e = =
[ - al-ls o <« <
o]

- - - - - 0 - -
cocoo ZM1ZOOO
- — - - - - -
Z 222 1 Z 222
©O~mMmOo | omoo
N = N © gl owow

.o ol - - - - -
cocoo s|l-~Nooco
— ™«

L L L
O (ON®)

Wi

Test
191

2021 KW or
I Medi] Il 0f n p |
0z0. 0 117

037N

0.

Me a n
0.

/L)

(m
7

TP
010 .

2020
fMedi|l! Q N

015K

0.

Me a n
0.

2

2019
f Medi]!l QH n

004,

Me an

CF310.




o

Uni versity, Department

Mc Master

Laj oi e

ine M. E.

.T0C.e |

P h

1 [ =1 = ] 1 1 [
1 LI | WS 1 1 1 LI |
1 L | e 1 1 1 LI |
|~
o
1 LI | I_ 1 1 LI |
1 L | W LI N N A |
1 LI | Kp_ 1 1 LI |
O N O
- , ©© Sl , ©©
o oo Tl <o
1 Q 1
o oo —loco 'oco
rL__./_] 1H/_E_Er.~
0_00 2d62_55
- . olol - -, - -
o [eNe] 2M00 [eNe]
Z —1Z =z Z 22
~o T 0 <t
o« N+ S~ ~m
o« @ o] SloN 1O WO
. N o ..
o Col- Z2looc oo
Oom [ )
o © 4 o Z|~ 0 © 4 o4
S—r]
ococoo N21401
OOOOT — OO0 O0OO0OO0O
(S B Olr...r/.Ert’.\
[cNeololNe] 2d62974
[eNelelNe] ZMOOOOO
Z iz 22 =N =z ZZz 'z
< N A< O O MmN~
oNANO CSlot A
cocoo Clo N A~ <
[eNeoloNe] MOOlOO
AN — N - CIN AN = N -
! == '

LI T Q 1 1 1 [
-_-_ LI I B |
O) [

LI N A | - — 1 1 1 LI |
—

R T Od 1 1 1 [
I T Qf + [
Nl=
- ~ — T T
m © o 10213
o0o©wvwo n84876
o o sl < -0 -
=l -] ol . o o
o o MOO o
— ™M
LL LL L
@) (ON®)

192



Ph.iCeline M. E. Lajoie Mc Master Universit

Tabl ePaA6r:wi se otwmpaeri sbemi stry parcametser s f
three years (2019, 2020, 2021) wusing Dunno6
di spl ayswvaldpestéedr peach compa@sBohobhdddsig

Site Water Comparison Z Adjusted P
Chemistry score
CF3 DO 20192020 1.59 0.16
(mg/L) 20192021  2.68 0.01
20202021 0.43 1.00
pH 20192020 0.04 1.00
20192021 -2.5 0.02
20202021 -2.30 0.06
DOC 20192020 -2.71 0.01
(mg/L) 20192021 -3.81 0.0002
20202021 -0.32 1.00
TSS 20192020 -3.07 0.0032
(mg/L) 20192021 -2.30 0.032
20202021 1.26 0.309
Cl 20192020 -2.22 0.039
(mg/L) 20192021 -3.80 0.002
20202021 -1.23 0.32
CF1 Cond 20192020 -3.44 0.0009
(uS/cm) 20192021 -2.34 0.028
20202021 1.43 0.22
pH 20192020 -0.96 0.50

20192021 -3.40 0.001
20202021 -2.19 0.04

Sulfate 20192020 0.611 0.811

(mg/L) 20192021  -2.655 0.012

20202021 -3.49 0.0007

SN1 pH 20192020 -1.88 0.508

20192021 -2.72 0.01
20202021 -0.93 0.52

DOC 20192020  -0.05 1.00
(mg/L) 20192021  -3.28 0.02
20202021  -3.44 0.0009
CIr 20192020  -0.29 1.00
(mg/L) 20192021  -3.29 0.002
20202021  -3.67 0.0004
SQ? 20192020  -0.37 1.00
(mg/L) 20192021  -3.34 0.001
20202021  -3.65 0.0004
DW1 pH 20192020  -1.21 0.39
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20192021  -3.38 0.001

20202021  -2.55 0.016

DOC 20192020 2.54 0.016
(mg/L) 20192021  -0.63 0.79
20202021 3.11 0.003

CIr 20192020  -0.27 1.00
(mg/L) 20192021  -2.82 0.007
20202021  -2.92 0.006

SQ? 20192020 0.76 0.66
(mg/L) 20192021  -2.60 0.014
20202021  -3.74 0.003
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sedi nepbsi ti on,croaatresse (nge/sdha yl)e af

(&kycol

(CFR1,

ected pfrre@ 191 r(eZabs0i)n-ga2 @2 ppshar vest
IN1lwatbheM shedKeinwr aheveld iugedse nde not e
Tabl e i

deter mi ned -Waslilnigs KiFeess ksa |la(n@F R'1

University,

De

part ment

aonfo acsos gnpe e c stepbs{ h) on frmegani(g/ day)

o

dyi,t taenrd I rilenisetk theevsnhd el cedaef|s 0 § Kt |

onl y)

at 2
gni fi
ncl

S i

harvested

of
t he

cance
udes

of freedom in parentheses.

Coarse Organic Sedi ment Deposition rates

2019 2020 2021 Test

Mean N [Medil n Mean N [Medil] n Mean N | Medi d n p | Test
CF3|5.3PN1Ba 7% 4. 2% 6 | 1.8MW1wvo 51 1. 8% 6 | 7. 1Pwa 31T 9.2F1 5 | 0.0 8. 1(
CF1l 2. 3®wo 71 5. 1% 6 | 5. 5180 7°1 1. 5? 6 | 5.5P%1B0 71 9.0%1 6 J0.0 9. 7(
CFR| 3. 3®M1a 221 3. 3% 6 | 2. 6P\1a 87 3. 0F 3 - - --1o0.0 18
SN1] 1. 2PF130 3°1 1. 27 6 | 8. 7PN140 81 7. 8F 6 | 1. 2FNu4Q 4° 1.1?1 6 1] 0.1 3.6(
DW1] 3. 1PN10. 221 3. 1% 6 | 2. 97130 61 3. 0F 6 | 1. 450 2% 471 6 0.0 8. 5(
Fine Organic Sedi ment Deposition rates

2019 2020 2021 Test

Mean N Medi n Mean N Medi n Mean N Medi ¢ n p | Test
CF3] 4. 6Pna 91 4. 7F 6 | 1. 4Ww2a 581 1. 4% 6 [ 1. 1Wva 72T 1. 071 5 J 0.0 9. 1(¢
CF1] 1. 0PF130 4% 1. 0% 6 | 2.8PF1Ba 181 2. 7% 6 | 1. 7PFma 81 1.3%1 6 J0o.0 10.9
CFR]1.5MW50 57 1. 4% 6 | 1. 6Wna 221 2. 2% 3 ------10.8 0. 2¢
SN1] 9. 3P0 181 9. 1F 6 | 1. 2PFW®5ao 581 1. 0F 6 | 1. 0P13a 51 1.0F1 6 |0.6 0.7
DWi] 1. 28WB80 181 1. 1% 6 | 6. 2Pn1a 91 6. 8% 6 | 8. 2PW1ra 121 8.8%F1 6 J0O.0 11.0

Coarse Leaf Littkkey Breakdown Rates (

2019 2020 2021 Test

Mean N [Medil n Mean N [Medil] n Mean N | Medi d n p | Test
CF3| 4. o0fNoa 0T 4. 0Ff 6 | 3. 0120 0T 4. 0Ff 6 [ 3.0Mna ot 2.0f1 6 J0o.0 5. 2¢
CF1] 8. ofna o0 8. 0f 6 | 5. 0Mwra 01 5. 0+ 6 | 3. 0Muna of 3.0%t1 6 0.0 12.7
CFR] 3. 0fna o0 3. 0% 6 | 2. 0ofna 01 3. 0F 3 --- --10.6 0.4
SN1| 5. o110 o* 5. 0Ff 6 | 5. 0of1a o1 5. 0*f 6 | 2. 0na o1 2.0f1 5 0.0 9. 8¢
DW1] 4. o110 04T 3. 0Ff 6 ] 4. o110 0T 4. 0Ff 6 | 2. 0fNma 01 2.0%1 6 JOo.0 9. 5(
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Ph.ilC.el i ne M. E. Laj oi e Mc Master University, Department
Fi ne Litteki) Breakdown Rates (
2019 2020 2021 Test

Mean N Medi n Mean N Medi n Mean N di ¢ n p Test
CF3|l1.0fno oI o.0f 6 | 1. 0fMua ol o. 0of 6 . 0fN11Q 0% of1 6 J] 0.1 3.5(
CF1l 1. o0fuo o1 o. o0of 6 | 2. 0fw©ra o0 1. 0" 6 . 0TR120 041 of1 6 0.1 3.8(¢
CFR| 2. 0MM120 0T 2. 0Ff 6 Jo. of1a o o. 0ot 6 - - 0.2 13/ §
SN1|J 1. ofN11o 0T o. o0of 6 | 1. 0MMw©2a o 12.0F% 6 |2.0fna o 2.0f1 6 | 0.1 4. 0(
pDwi]l 2. ofN110 0T 2. 0Ff 6 | 3. 0120 0T 2. 0Ff 6 | 1. 0fma o1 1.0%f1 6 J] 0.3 2. 3(¢
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Ph.iCeline M. E. Lajoie Mc Master Universit

| ePali8r:wi se obmpmadescsoassediomgratnidceposi ti o
day) and fine and codkipefiemafTdbltd eA7 deec
ee years (2019, 2020, 2021) wusing Dunnodo
pl ayswvaldpest dr peacwhalcwoenpax® sdds5 dend p

Site Sediment Comparison | Z score | Adjusted
Deposition P
CF3 Coarse Organic | 20192020 -2.68 0.01
Sediment 20192021  -0.047 0.98
Depositionrates | 50502021  2.11 0.05
(g/day)
Fine Organic 20192020 -3.00 0.004
Sediment 20192021 -1.66 0.14
Deposition rates | 20202021 1.19 0.35
(g/day)
CF1 Coarse Organic | 20192020 2.48 0.019
Sediment 20192021 2.87 0.006
Deposition rates | 20202021 0.37 1.00
(g/day)
Fine Organic 20192020 2.32 0.029
Sediment 20192021  3.19 0.0021
Deposition rates | 545502021 0.86 0.57
(g/day)
Coarse Leaf Litter] 20192020 2.25 0.036
Breakdown Rates] 20192021 3.51 0.0007
(Kad) 20202021 1.26 0.31
SN1 Coarse Leaf Litter] 20192020 0.41 1.00
Breakdown Rates] 20192021 2.91 0.005
(Kdd) 20202021  2.53 0.017
DW1 Coarse Organic | 20192020 0.16 1.00
Sediment 20192021 2.60 0.014
Deposition rates 20202021 2.44 0.022
(g/day)
Fine Organic 20192020 3.27 0.002
Sediment 20192021 2.08 0.055
Deposition rates | 20202021 -1.19 0.35
(g/day)
Coarse Leaf Litter] 20192020 0.11 1.000
Breakdown Rates| 20192021  2.73 0.0095
(ko) 20202021  2.62 0.013
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Tabl eMefa@N SD) , aMveddimph e sd xe memn Y y cef Sehcalinense imgdisetxy ( HO ) |, Piel
evenneansd(percentage of sensitive taxa (%pERkiseahdo)t ol er an
dur-(2@®20) -@dhd2ppsharvest at 2 harvested (CH3 wancrGhEk)dsana
DryeKemor a +4veadiuers. deenote significance of com@arli s®nteafcs oa

T-Tests (CFR1 only). Tabl e incl udeess tohfe ftreesetd osnt aitni sptairce, n tehiet
Shannonb6és Speci €8 Diversity I ndex
2019 2020 2021 KW or Wil
Mean NMedi] Mean NMedi] Mean NMedi] n p | Test
CF3 1.86Nc 1.9:6] 0.29Nc 0.2:6] 1.39N¢ 1.3: 6] 0.0C 13.0
CF1 1.62NC 1.5 6 1.61NC 1.6:6 1. 73NC 1.7: 6 0. 2 2. 6(
CFR1| 1.31N¢ 1.3:6| 1.74R¢ 1.8:3 - - --- - o.04 2. 5¢
SN1 1.54NC 1.716 1.94NC 1.9'6 1. 73NC 1.7" 5 0.0¢ 4. 9¢
D W1 1. 48N 1. 416 1. 58N( 1.5(6 1. 63N 1. 71 6 0.5¢ 1. 1¢

Pileubs Evenness (J)
2019 2020 2021 KW or Wil
Mean NMedi]Jn| Mean N Medi] Mean NMedi] n p | Test
CF3 0.80N( 0.8(6] 0.24N¢ 0.2:6] 0.71NC 0.7: 6 0.0C11. 1(¢
CF1 0. 75N 0. 7:6 0.81N(C 0.8:6 0. 77NC 0.7 6 0.5 1. 3¢
CFR1] 0. 70Nt 0. 7:6 0. 85N 0.8'3 - - --- --1 0.0z 3. 1(
SNI1 0.54N(C 0.5i6 0. 78N 0. 76 0. 70NC O. 70 5 0.00 14. 2
D W1 0. 67N(C 0. 66 0. 78Nt 0. 7'6 0. 80N( 0. 8. 6 0.1 4. 5(¢
Abundance
2019 2020 2021 KW or Wil
Mean NMediJn|Mean NMedi]Jn| Mean NMedi] n p | Test
CF3 57N36 54 6|151.5N 86 6| 73.8N: 68 6] 0.3 2.0
CF1 45. 3N 44.16 44. 2N 34.16 65. 3N. 67.! 6 0.2 3. 2(¢
CFR1} 78. 2 N: 74 6 48. 3N! 21 3 - - - - - - - - 0. 3! 13
SN1 |599.8N 544.6| 95. 7Nt 87.!6}J126.6F 119 5] 0.0C 11.5
D W1 80. 7N: 85.1!6 50. 5N« 32.1!6 31. 5N: 34 6 0.0: 7. 8(
Sensitive Taxa (% EPT)

2019 2020 2021 KW or Wil
Mean NMediJn|Mean NMedi]Jn|] Mean NMedi] n p | Test
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Ph.ilC.el i ne M. E. Laj oi e Mc Master
Tabl ePALOwWI se o timpeanms tstoyncss
years (2019, 2020, 2021) wusing
adj usvtaddueps f or each
Site Water Chemistry | Comparison z Adjusted
Parameter score P
CF3 | Shannonod 20192020 3.57  0.0005
Diversity Index | 20192021  1.30  0.29
(HO) 20202021 0.011  0.035
Piel ouds]| 20192020 3.27 0.016
(Jo) 20192021  1.03 0.45
20202021  -2.28 0.03
% EPT 20192020 3.62  0.0004
20192021 2.15  0.047
20202021  -1.47 0.21
%Chironomidae | 20192020 -3.41 0.001
20192021  -1.95 0.07
20202021  1.46 0.22
CF1 % EPT 20192020 -1.06 0.43
20192021 -2.68  0.01
20202021  -1.62 0.15
SN1 Pi el oubs ] 20192020 -3.77 0.0002
(Jo) 20192021  -1.79 0.10
20202021  1.79 0.10
%Chironomidae | 20192020 2.80  0.0008
20192021 291 0.005
20202021 0.23 1.00
Abundance 20192020 3.26 0.0017
20192021 2.39  0.025
20202021  -0.72 0.71
DW1 Abundance 20192020  2.00 0.07
20192021  2.70 0.01
20202021  0.71 0.72
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Ph.ilC.el i ne M. E. Laj oi e Mc Master University, Department o

Table AMarrSDediamdampl e si z€uo)jooh!| %weef dorgenddd enudplse BY or
gat her ecols| diét)toer erm ed%)t orand %p mc b leparéec20el®k s( 2ADLOI)N-g2 @2 pp st

harvest at 2 harvested (CF3 ahd w@R ) sahred K3e inriver flaeh reecafal iwedge G FoR
denote significance of comparidSahs$iac Fbesstsy a(@@KBRI edrelrym)i .ne’
i ncludes the test statistic, either H, U, or t, and degre
Shredder s ( %)
2019 2020 2021 KW or Wi l
Mean NMedi|[nlMean NMedi|n]l Mean NMedi] n p | Test
CF3 | 19.03N 13.°6] 0.0NO 0.06|] 5.1N9 0.6 6] 0.0C 11.4
CF1 13.5N: 10.(6] 20.6N: 22.:6| 35.1N 34.1( 6 0.0: 6. 7(
CFR1 3.3N3 2.5 6 2.4N3 0.9 3 - - - --- --) 0. 7: 0. 4¢
SN1 2.2N1 1.7 6 6. 8N6 4.6 6 2.2N2 1.7 5 0.1: 4. 3(
DW 6. 8N4 7.3 6] 15.9N: 13.'6 4. 1N3 3.9 6 0.3 1.9
Col |l €&at berers ( %)
2019 2020 2021 KW or Wi l
Mean NMedi|[n]l Mean NMedi[NJ]Mean NMedi] n p | Test
CF3 | 35.7N: 33.16| 96.3N 99.:6] 42.1N: 37.. 6| 0.0C11.5
CF1 46.1N: 53.¢6] 38.7N 39..6|] 47.1N 47.: 6 0.1 3.5(¢(
CFR1l 58.5N: 68.:6] 42. 1N: 46.:3 ---_  --- -] 0.3 13
SN1 35.5N 31.16] 52.3N: 48.:6] 84.5N 84.! 5 0.0C 12.6
D W1 71.2N: 74. 6] 43.6N: 46.:6] 58.5N: 56. . 6 0.0C 10.9
Col |l €cl oEe%ker s
2019 2020 2021 KW or Wi l
Mean NMedi]Jn] Mean NMedi[N] Mean N Medi] n p | Test
CF3 | 4.13N: 3.8 6| 2.5N5 0 6] 28. 0N: 29.¢ 6 ] 0.0C 9. 3¢
CF1 23.3KN: 23.:6 0.9N2 0 6 4. 7N2 5.4 6]0.00 2.52
CFR1] 33.5N: 23.:6]11.7N1 6.5 3 - - - --- --] 0. 2 14
SN1 56. 3N: 62.16] 12.3N 8.5 6 1.8N2 1.7 5]0.00 13.6
D W1 5. 4N4 4.5 6] 16.7N: 5.8 6 5.5N6 4.9 6 0.6{ 0.75
Preddtvr s
2019 2020 2021 KW or Wi l
Mean NMedi]Jn] Mean NMedi[N] Mean NMedi] n p | Test
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CF3 41.1N: 41. .6 1.2N2 0.0(6] 24.8N 21.: 6 |J0.00 12.9
CF1 16. 1K 13.(6] 39. 7N: 38.:6 13.2N 13. 6 0.0C 10. 3
CFR1) 4. 7N3 5.2 6] 41.6N 42.:3 --- --1 0.0¢ 0
SN1 5. 7N4 3.9 6] 28.4N 26. 16 10.8N 10.! 5 0.0C 12.7
DW1 16. 6N 16.:6 23. 9K 23.:6] 29.3N 31. 1 6 0.04 6(2)
Scr ap®) s
2019 2020 2021 KW or Wil
Mean NMedi|[n]l Mean NMedi[NJ]Mean NMedi] n p | Test
CF3 0.0NO O0.0 6 0.0NO 0.0 6 0.0NO 0.0 6 N a N a
CF1 0.98N 0.0 6 0.2K0 0.0 6 0.0NO 0.0 6 0.5 1. 1(
CFR1) o.0NO ©0.0 6 1.6N2 0.0 3 --- -+ 0. 3: 6
SN1 0.2NO0 O0.0 6 0.2N0 0.0 6 0.4N0 0.5 5 0.5: 1. 3(
D W1 0.0NO 0.0 6 0.0NO 0.0 6 0.0NO 0.0 6 N a N a
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Tabl ePALR2wi se obompar Fsoosi onalncReeadinmgg Gr o
shreddeas$ | @)k loer ecols| fi)toer erm ed%)t ,@rca nods ®)
three years (2019, 2020, 2021) wusing Dunno
di spl ays-valdpyaest edr peach compdiupsOmodaby) sig
bol.ded
Site Functional Compariso | Z Adjuste
Feeding Group n score dP
%)
CF3 %Shredder 20192020 3.35 0.001
20192021 2.02 0.065
20202021 -1.32 0.28
% Collector 20192020 -3.06 0.0003
Gatherers 20192021 -1.63 1.000
20202021 2.79 0.008
% Collector 20192020 1.35 0.26
Filterers 20192021 -1.69 0.14
20202021 -3.05 0.004
% Predators 20192020 3.53 0.0006
20192021 1.20 0.35
20202021 -2.33 0.03
CF1 %Shredder 20192020 -0.59 0.82
20192021 -2.49 0.019
20202021 -1.89 0.08
% Collector 20192020 3.77 0.0002
Filterers 20192021 2.13 0.049
20202021 -1.64 0.15
% Predators 20192020 -2.54 0.016
20192021 0.43  0.99
20202021 2.97 0.004
DW1 % Collector 20192020 3.30 0.0015
Gatherers 20192021 1.56  0.17
20202021 -1.73 0.12
% Predators 20192020 -1.46 0.21
20192021 -2.43 0.022
20202021 -0.97 0.49
SN1 % Collector 20192020 2.17 0.04
Filterers 20192021 3.63  0.0004
20202021 1.56 0.17
% Predators 20192020 -3.54 0.0006
20192021 -1.32 0.28
20202021 2.06 0.06
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Table A13 Results of PERMANOVA analysis comparing macroinvertebrate
communities across years (2019, 2020, and 2021) at harvested (CF3 and CF1} and non
harvested (W1 and SN1) streams with degrees of freedom (df), sum of squares (SS),
mean squares (MS);$tatistic (F), Rsquared (R2), andyalue (p). Significant

differences between years are indicated when p<0.05.

Site Model df SS MS F R p
Parameters

CF3 Year 2 090 045 466 0.38 0.001
Residuals 15 1.45 0.097 0.61
Total 17 2.36 1.00

CF1 Year 2 051 0.25 263 0.26 0.005
Residuals 15 1.45 0.097 0.74
Total 17 1.96 1.00

DW1 Year 2 0.74 037 3.04 0.28 0.003
Residuals 15 1.83 0.12 0.71
Total 17 2.57 1.00

SN1 Year 2 160 080 6.40 0.47 0.001
Residuals 14 1.75 0.12 0.52
Total 16 3.36 1.00
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Table A14: Summary of pairwise PERMANOVA results comparing differences in
macroinvertebrate communities between years (2019, 2020, 2021) at ha(@é<enhd
CF1)and norharvestedSN1, DW1) watershedsith F-statistic (F), Rsquared (R2), and
adjusted pvalues for each pairwise comparisons). Significant differences between years
are indicated when adjusted p<0.05.

Site Pairs F R2 | Adjusted p
value
CF3 20192020 5.54 0.36 0.02
20192021 5.99 0.37 0.009
20202021 1.58 0.13 0.36
CF1 20192020 2.27 0.18 0.09
20192021 3.50 0.26 0.03
20202021 2.00 0.17 0.30
SN1 20192020 9.85 0.49 0.012
20192021 8.04 0.47 0.009
20202021 1.31 0.12 0.69
Dw1 20192020 3.30 0.25 0.045
20192021 5.30 0.35 0.021
20202021 1.15 0.10 1.00
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Table Al15.Results of betadispersion analysis assessing homogeneity of multivariate
dispersion among years from macroinvertebrate community composition (2019, 2020,
and 2021) at four sites A) CF3, B) CF1, C) Vvdnd D) SN1 based on Br&urtis
dissimilarity. Table includes average distance to centroid for each year, degrees of
freedom (df), Sum of Squares (SS), Mean Sum of Squares (M@)u€ (F) and fvalue

(p).

Distances to Beta Dispersion of Distance

Site Centroid
Average Distance to df SS Mean S. F p
Centroid

CF3 2019 2020 2021 | Group 2 0.08 0.04 2.87 0.09
0.36 0.25 0.17 Residuals 15 0.21  0.01

CF1 2019 2020 2021 | Group 2 0.09 0.005 0.38 0.69
0.29 0.24 0.26 Residuals 15 0.18 0.01

SN1 2019 2020 2021 | Group 2 0.0007 0.00003 0.036 0.97
0.31 0.32 0.30 Residuals 15 0.13  0.009
Dw1 2019 2020 2021 | Group 2 0.04 0.02 1.97 0.17
0.24 0.36 0.31 Residuals 15 0.16 0.01
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A) CF3 B) CF1
- | 7 .
e i s 7
i
- | 7
o 7 / -
S « | \ p S i
a o T / Y o
&3 7 5
s it , |
| X -
T T T T e T T T
05 0.0 05 10 05 0.0 05
C) DW2 PCoA1 D) SNl PCoA 1
S ; o
- = f
s 7 s ~ i
i [ e = A
= 3 o A W\
3 A & / < ‘
g e 2 21 Lz
o T \
u bR
o
< | o
S T T T T T T T '
08 06 04 02 00 02 04 06 ! ! ' ' ! ! J '
0.6 0.4 0.2 0.0 0.2 0.4 06 08
PCoA1

PCoA1

Figure A3: Principal coordinate analysis (PCoA) plots showdifierences in the
variability of community composition across years (2019, 2020, and 2021) at four sites
A) CF3, B) CF1, C) DW, and D) SN1 based on Br&urtis dissimilarity.
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yearswithin harvested (CF3 and CF1) and Amarvested (DW1 and SN1) watersheds
Table includegsumulative contributions of the most influential species (~70% of the

dissimilarity matrix) and their associateg/glues for significant comparisons of

macroinvertebrate communities determined using PERMANOVA (Table A15).

Site Years Species Mea sd ratio Mean Cumulative P
n Abundances Sum

CF3 ] 20192020 Chironomidae  0.74 0.26 1.73 28.3 (2019) 0.71 0.001
145.3 (2020)

20192021  Chironomidae  0.29 0.20 1.41 28.3(2019) 0.51 0.62
60.3 (2021)

Leptophlebiidae 0.08 0.05 1.44 11.3(2019) 0.65 0.004
0.17 (2021)

Lepidostoméidae 0.04 0.05 0.80 3.33(2019) 0.72 0.03
4.83 (2021)

CF1 ] 20192021  Chironomidae  0.17 0.13 1.32 28.8 (2019) 0.33 0.585
33.0 (2020)

Lepidostomatidae 0.10 0.06 1.82 1.5(2019) 0.52 0.006
13.0 (2020)

Limnephilidae  0.05 0.03 1.75 1.0(2019) 0.61 0.003
6.5 (2020)

Ceratopogonidae 0.04 0.05 0.96 4.5(2019) 0.69 0.102
0.0(2020)

Dystiscidae 0.04 0.04 1.08 0.5(2019) 0.77 0.224
4.8(2020)

DW1 | 20192020 Leptophlebiidae 0.28 0.18 1.57 47.3 (2019) 0.51 0.019
14.5 (2020)

Chironomidae  0.13 0.14 1.02 24.5(2019) 0.75 0.50
14.5 (2020)

20192021 Leptophlebiidae 0.33 0.18 1.74 47.3 (2019) 0.57 0.001
12.3 (2020)

Chironomidae  0.14 0.15 0.95 24.5(2019) 0.81 0.43
11.8 (2020)

SN1 | 20192020 Chironomidae  0.56 0.20 2.78 487.0 (2019) 0.74 0.001
40.33 (2020)

20192021  Chironomidae  0.52 0.20 2.56 487.0 (2019) 0.71 0.003
48.8 (2020)
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TabAle™MealR SD), of water chemnducyi vadt pabd@gemh¢DOYi g/ L) ,
d ssoor gaghirbon (DOOGY) sau(smpe/sdd)dd s ( T 8hSI)o r(indge( e/l If )a,,?e ( 8O/ L) ,
tot@losphorus dad®)ymi{f mggeh, (TN) coll ected from 3 harvested (
watersheds (DRY1AUP, -BBhpopr BWLEgionthe Dryden

Site

Water CF1 CF3 DRY 2 DRY1AUH DWwW1 SN1
Chemi sl Mean N n] Mean N n] Mean N n] MeanSON n] Mean RN n] Mean RNn
DO ( mg 9.1 N 13 5.4 N19 8.8 N 10 9.8 N 8 5.3 N 7 7.0 N 11
Cond. (] 137 N 134 90.5 N14325.3 10 179.6 8J192.6 7] 81.4 N1

p H 7.7 N 124 7.2 N 19 7.7 N 10 7.6 N 8 7.4 N 7 7.4 N 11
DOC (md 14.21KN12432.88 (19417.39 11} 27.2 N9|J17.49 7)1 22.2 K11
TSE6mg/ 3.85 N11 3.74 N1422.79 110 5.19 N8l 6.47 N7]7.127 N1¢
S@&(mg/| 14.25 14 1.32 N1d 5.47 f10 2.06 (8] 4.86 (7] 19.11 10
Ci(mg/ J 0. 48 141 1.0N1 1d 1.0RKR0 10 ©0.52RN(8] 10.95R7 3.43N'10
TP (mgl0.007 f19d0.037 f140.06 N 8]J0.036 16J0.017 16J0.021 8
TN (mglo.281 F19d0.678 [140.493 18]0.969 [6J]0.531 6]J0.574 8
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E — 1 =
1
= £ 2 £ 8 3 o
£ E ) ) % I £ £
O o T Q w = O [
(i O o 0O O [l
1
DO.mg.L 1.00
0.8
Cond.uS.
ond.us.cm 1.00 0.6
pH 1.00 L 4
DOC.mg.L 1.00 0.53| toz
TSS.mg.L 1.00 0
Cl.ppm 1.00 -0.2
S04 ppm 1.00 04
TP.mg.L 1.00 o8
-0.8
TN.mg.L 0.53 1.00

Fi gur@orAdel ati ons between waterf romemiixtry
streams sampled across 3 haharewsd tde d C(FBRY 1C/
SN1, DW1) | andscapes.
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Tabl e AICBA results all sit

contributed significantly (>0.4) to PC
Variabl e PC1 PC2 |PC3 |PC4 |PC5 |PC6 |PC7 PC8 |PC9
DO (mg/L)0.193.06[}0.540.550.210.48[0.1890.14/0.11
Cond.uS.c0.169.570. 15[0. 060. 39-0. 29-0. 061/0. 520. 31
p H -0.3970. 1310. 490.000. 10}0.39-0.510/0.370.07
DOQ mg/ L)[0.515-0. 100. 16-0.23-0.060.32[-0.517[0.070.50
TSS (mg/ 0. 054/0. 63[0.08[-0. 050. 25[0. 44-0. 304}-0. 02-0. 4 ¢
Cl (mg/L)0.008-0.080.49/0.730.18}-0.07:0.3830.00/0.15
S04 0. 41120.250.06-0. 180.590. 11-0. 0850.59[0. 08
TN (mg/L)0.3170.39}0.140.110.57}0.170.417}0.120.39
TP (mg/L)0.489[0.08-0.360.210. 02[-0. 41-0. 1170. 43}0. 471
Eigen ValR.31 [1.76/L.221.050.900.61/0.55 [0.370.22
Proportio

Explained25.7 [19.6[13.6[11.710.06.806.1 4.1 2.5
(%)

Cumul ativ 100
proportio25.7 45.358.9(70.680.6087.393.4 [97.5

(%)

axes

Wi

t h

Ei gen
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groups
“® Harvested
“® Reference

Treatment
® Harvested
® Reference

00
CF1

°

A CF3

B DRY1AUP
-+ DRY2
®

*

PC2 (19.6% explained var.)

Dw1
SN1

Fi gurkr iAdbci pal Component Analysis (PCA) of
across harvested (@RYT,eGRE3I,d DPRY)L AUPd ©BNA ,

water sheds.
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Table A19: Output of linear mixed effect models (LMNf water chemistry parameters
compared across harvested and-harvested landscapasluding dissolvedoxygen
(mg/L), conductivity (uS/cm), pHgissolvedorganiccarbon (DOC, mg/L)total
suspendedolids (TSS, mg/L)¢chloride (Ct, mg/L), sulfate (SQ% mg/L), total

phosphorus (TP, mg/L) artdtal nitrogen (TN, mg/L). Models included Time (days since

first sample collection) as a covariated site as a random effeBeta, Standard Error,
df, and t ratios are derived from REML model summary outpstatistics, andalues
were computed using a Waldlistribution.

Model Model Beta SE df t-statistic p-value
Parameter (b) (df)

Log Dissolved Oxygen Intercept 1.88 0.178 5.34 10.56 <0.0001
(mg/L) Treatment -0.10 0.236 4.11 -0.45 0.67
Time 0.0017 0.011 56.60 1.43 0.16
Conductivity Intercept 1909 57.34 4.18 3.33 0.027
(uS/cm) Treatment -33.9 80.26 4.01 -0.42 0.69
Time -0.12 0.16 57.10 -0.76 0.44

pH Intercept 7.67 0.16 5.90 47.93 <0.0001
Treatment -0.067 0.20 4.33 -0.32 0.76
Time -0.003 0.0011 56.86 -2.61 0.011

Log DOC (mg/L) Intercept 2.89 0.23 4.69 12.42 <0.0001
Treatment 0.15 0.31 411 0.47 0.66
Time 0.0002 0.001 58.3 0.19 0.85
Log+1(Total Intercept 1.44 0.40 4.96 3.56 0.016
Suspended Solids Treatment -2.36 0.54 4.13 -0.43 0.68
(mg/L)) Time 0.007 0.0028 52.25 2.48 0.016
Log CI (mg/L) Intercept -0.95 0.66 4.23 -1.43 0.221
Treatment 0.53 0.94 4.26 0.56 0.601

Time 0.0099 0.0027 47.97 3.65 0.0006
Treatment*Time 0.0084 0.0039 47.98 2.12 0.038
Log[SO4?] (mg/L) Intercept 1.65 0.68 4.16 2.4 0.07
Treatment 0.34 0.96 4.01 0.36 0.73

Time -0.008 0.02 49.04 -3.99 0.0002
Log[TP] (mg/L) Intercept -4.16 0.48 4.56 -8.59 0.005
Treatment 0.13 0.66 4.08 0.20 0.84
Time 0.006  0.033 43.17 1.87 0.068
[TN] (mg/L) Intercept 0.61 0.13 4.432 4.69 0.007
Treatment 0.17 0.18 4.008 0.94 0.39

Time -0.0003 0.0008 43.09 -3.81 0.0004
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Table A20:Summary of Type I 11 Analysis of VarwatarchemistrymiametersSat t h e
includingdissolvedoxygen (mg/L),conductivity (uS/cm), pHdlissolvedorganiccarbon (DOC, mg/L)total suspendedolids

(TSS, mg/L)chloride (CI, mg/L), sulfate (SQ* mg/L), total phosphorus (TP, mg/lLandtotal nitrogen (TN, mg/L) across

harvested and nemarvested landscapes. Models included Time (days since first sample collection) as a covariate

Model Model SS Mean Numerator| Denominator | F statistic p-value
Parameter Squared df df

Log Dissolved Oxygen (mg/L) Treatment 0.028 0.028 1 411 0.20 0.68
Time 0.28 0. 28¢ 1 56.6 2.04 0.16

Conductivity Treatment 465.37 465.37 1 4.02 0.17 0.69
(uS/cm) Time 1534. 1534. 1 57.11 0.58 0.45

pH Treatment 0.01 0. 01 1 4.33 0.10 0.76

Time 0.91 0.91 1 56.86 6.84 0.011

Log DOC (mg/L) Treatment 0.03 0. 03: 1 411 0.21 0.66
Time 0.00 0. 00 ¢ 1 58.3 0.036 0.85

Log+1(Total Suspended Solid Treatment 0.12 0.13 1 4.13 0.18 0.67
(mg/L)) Time 4. 20 4. 20 1 52.25 6.19 0.016

Log CI (mg/L) Treatment 0.11 0.11 1 4.26 0.32 0.60
Time 16.9 16. 9: 1 47.99 50.62 <0.001

Treatment*Time 1.51 1.51 1 47.99 4.52 0.038

Log[SOs*] (mg/L) Treatment 0.04 0. 04¢ 1 4.01 0.13 0.74
Time 6. 16 6. 16 1 49.04 15.98 0.0002

Log[TP] (mg/L) Treatment 0.10 0.10 1 4.08 0.04 0.85
Time 1.05 1.05 1 43.2 3.55 0.066

[TN] (mg/L) Treatment 0.01 0. 01° 1 4.01 0.89 0.39
Time 0.28 0.28 1 43.09 14.49 0.0004
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Table A21: Output of linear mixed effect models (LMM) o6 a rmeeedehalif t Ibr eera k d o wka ) fr ankeedshalif t t e r

br e a k daotwdng ¢co(a rosg@aseidc nide p o s ratsiegh d afy hyoegaskidc ndepots irdati @ ( g/ day)
c o mp agrosstharvested and nbarvested landscapes. Models included Time (days since first sample collection) as a
covariate and site as a random effeBeta,Standard Error, df, and t ratios are derived from REML model summary output. t

statistics, and{values were computed using a Waldigtribution.

Rates (gl

Model Model Beta SE df t-statistic | p-value
Parameter (b)

Coarse Lea Intercept 2. 4% 4. 7P 39 5.02 0.007
BreakdowhkddF Treatment -2. 7P 6. 8% 4.0 -0.39 0.71
Sqguar e Root Intercept 0.011 0.002 4.00 4.48 0.011

Litter Br e Treatment 0.002 0.003 4.00 0.66 0.55

Rat kig ) (
Log (Coar s Intercept -5.27 0.91 4.02 -5.78 0.004

Sedi ment D Treatment -0.005 1.28 4.01 -0.039 0.97

Rates (g/
Log (Fine Intercept -5.43 0.47 4.01 -11.49 0.0003
Sedi ment D Treatment 0.33 0.68 3.99 0.49 0.65
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of Varco a mealdalifstitnegr Satt he
br e a k d owhka) fr anmeeedshalif t br eera k daotwdng ¢o(a ros @ aseidc nide p o s ratsiegh d afy heand
or gaseidc ndeprots ird i e &dgrdayg)streams -har vhagtved tleadn asnada men.

Model

Model
Parameter

SS

Mean Squared

Numerator
df

Denominator
df

F statistic

p-value

Coarse Leaf
Litter Breakdown
Rates Kdd)

Treatment

9.

2101

9. 2190

1

4.04

0.16

0.71

Sqgrt Fine Leaf
Litter Breakdown
Rates Kdd)

Treatment

8 .

9% 1

8. 9710

1

0.433

0.55

Log (Co
Organic ¢
Deposi ti

(g/day_

Treatment

.00

0.001

4.01

0.0015

0.97

Log (Fi
Organic ¢
Depositi

(g/day_

Treatment

. 05

0. 056

3.99

0.24

0.65
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CF1, DRY2) and 3 refef)ovactericmRidis&K®n g8l h,
regi on.
Coarse Leaf Litter | Fine Leaf Litter
Breakdown Rates | Breakdown Rates
(Kdd) (K dd)
Site Treatment Degree Days [Mean N n |[MeanN SD n
(DD)
CF1 Harvested 295+8 3e04 +1e04 6 | 3e04 +2e04 6
CF3 Harvested 444 £ 4 3e04 +1e04 6 | 3e04 +1e04 6
DRY1AUP Reference 433 £ 10 3e04 +1e04 6 | 3e04 +1e04 6
DRY2 Harvested 421 +2 le04 +1e04 6 | 1e04 +1e04 6
DW1 Reference 530+1 2e04 +1e04 6 | 2e04 +1e04 6
SN1 Reference 607 +3 2e04 +1e04 5 | 2e04 +1e04 6
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Tabl eMA2a4d: (akhdSDs)ampbé sedemén) deposition n
coarosgaseidc nde posrattiesn ( gfi doagasedoadiepodosi ti on
rates (g/day) collected from 3 harvested (C
SN1, DdWt erisrh etdlse-K®mymda& nr egi on.

Site Treatment Coarse Organic Fine Organic n
Sediment Sediment
Deposition Rates  Deposition Rates
(g/day) (g/day)
CF1 Harvested 1.6e03 *+ 1.6e03 1.7e03+1.1e03 6
CF3 Harvested 7.1e03 *5.3e03 1.1e02 +7.7e03 5
DRY1AUP Reference 9.0e04 + 8.0e04 3.4e03+£2.1e03 6
DRY2 Harvested 4.8e02 * 6.9e02 6.7e03 +2.5e03 6
DW1 Reference 1.4e02 +5.2e03 8.2e03+2.1e03 6
SN1 Reference 1.2e02 *+ 4.4e03 1.0e02 + 3.5e03 6
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APSSS D) @i ovfeyrmet t i ¢ s

Mc Master Uni

versity, Department

(spSehcalinense nmdidiset xy P( &l b @/ 1ednsn e absu n(dJg)n, &e

Pl ecopter a,

Trichopt er &unc®hE PoTn)a,l

feedagrnogu ps sh(rFeFdGbhd rl ssga t lo eco &€ f &ficlt togpr ed s 0 a pceorlsl)ect edf f pamks (n
6/ site) Ielpdrowedt ech (CFIomE@F L ¢ O BET AU Pa nlBWN\adt,e rixW etdlse- Dr yde
Kenora region.
Harvested No#ar vest ed
CF3 CF1 DRY2 |DRY1A| SN1 D W1
(n=6] (n=6 (n=6 (n-= (n=5 (n=6
Mean Mean Me afh Mean | Mean|Mean
SD SD SD SD SD
Diversity Metrics
Diversity | 1.4NC 1.7N¢ 1.3Nd 1.6RKRC 1.8N 1. 6N(
Evenness ( 0. 7Nt 0.8N¢ 0.5Nd 0.8NCO.7N 0. 8N(
Abundance|73.8N65.3N197.2N§112.31126.€¢ 31.5N
EPT ( %) 8. 3N139.0KN 75.0N]29.8N33.2K54. 8N
% Chironom{83. 9N 49.6FK 12.8N]32.1N39.6K39. 0N
% Functi onal Feeding Grou
%Shredder| 5. 1N¢35. 18N 1. 8K 2. 6Nz 2.4N 4. 1N7
%Col |-6atoer |69.5N 51.58N 84. 7N 66.0N72.0K 58. 9K
%Col |-Eict ber| 2818. 4785 09811 |11. 4N 18 2 55N60
%Predator] 24.88 13. 28N 9.5N4d 16.5N10.8f 29. 3K
% Scraper] 0. 0N( 0. 3Nt 3.5N1 2.5Nz2z14.6K 0. 0KN(
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Table A26: Output of linear mixed effect models (LMM)o mp adr v Bygnet t i ¢ s (§pSehcadinense msdisetxy ( HO ) ,
Pi el eviensn e absu n(dla)n,o; sitdaXxav e( Ephemer opter a, Pl ecoptera, Tricho
(%Chironomi dae) fuanrcd e rdafinogd p & fshériFeBdiabd rl ssga t o eco € f &iclt toer er s,

pr edasxomagceorisl)ect edf f pamks (n=3 6hasritees)t edce p(l OFrdmMEmME e sDBRY2) ¢
( DRY1AUP, 18Malt,e rixsW &tdlyeeKeem or a Mo@ @il an.i ncl uded SStandardBreor, a r and
95% confidence intervals, R2 conditional and R2 marginal are derived from REML model summary output. Standard 95%
confidence intervals (Cls)dtatistics, and{values were computed using a Waildigtribution.

Model Random Effects(Site)
Model Model Parameter Beta SE t-value df p-value Site Site St. | Residual | Residual
(b) Variance | deviation| Variance St.
deviation

Arcsine sgrt Intercept 0.65 0.18 3.57 3.99 0.02 0.09 0.31 0.033 0.18
(%EPT) Treatment 0.014 0.26 0.05 0.25 0.96

Arcsine sqrt Intercept 0.77 0.18 4.39 3.99 0.011 0.089 0.29 0.03 0.17
(%Chironomidae) Treatment -0.12 0.25 -0.50 4.01 0.64

Arcsine sqrt Intercept 0.04 0.12 2.52 3.99 0.065 0.040 0.200 0.013 0.11
(%Shredder) Treatment 0.013 0.17 -0.93 4.01 0.41

Arcsine sqrt Intercept 0.39 0.065 6.06 3.96 0.003 0.011 0.11 0.009 0.009
(%Predator) Treatment 0.41 0.093 0.44 3.99 0.68

Arcsine sqrt (% Intercept 0.89 0.13 6.83 3.98 0.002 0.04 0.21 0.02 0.14
CollectorGatherer) Treatment -0.11 0.18 0.59 4.02 0.58

Arcsine sqrt (% Intercept 0.27 0.10 2.67 3.98 0.056 0.03 0.16 0.03 0.17
CollectorFilterers) Treatment -0.08 0.14 -0.59 4.02 0.58

Arcsine sqrt (% Intercept 0.012 0.021 0.58 3.99 0.59 0.0010 0.033 0.0015 0.039
Scraper) Treatment 0.046 0.03 1.53 4.04 0.20

Shannonods Intercept 1.45 0.11 13.48 3.95 <0.001 0.02 0.14 0.084 0.29
I ndex ( Treatment 0.21 0.15 1.36 405 024
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Pielouds Intercept 0.66 0.06 10.84 3.98 0.0004 0.009 0.009 0.009 0.009
) Treatment 0.08 0.08 1.03 4.02 0.36
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Table A27: Output of generalized linear mixed effect models (GLMM)doundanceof macroinvertebrateso | | ect ed f r o
| eaf packdse p(lnoyed/@s0@deg)t hmavesst ad @BCF 3, CF1, DRY2) , and 3 r
DRY1AWRY er sheds. Model i ncluded Site as a random effect.
Model Random Effect
Model Model Structure Model Parameter Beta SE  ZValue p-value Var. STD
(b)
Abundance Poisson family (logit Intercept 4.6 0.32 14.1 <0.001 0.31 0.56
link) Treatment -0.25 0.46  -0.54 0.58
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Table A28:Summary of

%EPT), tolerant

col | diclttogpr ed a4 0 apceorisl)ect edf f pamks

nomar veédRY¥AdAUP,

Laj oi e

Type

t axa

Mc Master

Anal ysi s
pecd e rinsdietxy P( 1D @ednsn e absu n(dla)n, o s itd Xxav e( Ephemer opter a, P

University,

Department o

odonWpadi amygnet isc 8 g( Shanhe

ecopt

( %Cfbnc o feendathegep s sh(rkeFdGd d olfsegalti laf & reer resn,t

18\N\lt, e risWh etdlse-K ®mgd& nr egi on.

Model Model SS Mean Numerator | Denominator | F statistic | p-value
Parameter Squared df df

Arcsine sgrt (%EPT) Treatment  0.00009 0.00009 1 4.01 0.003 0.96

Arcsine sgrt (%Chironomidae)  Treatment 0.007 0.007 1 4.01 0.25 0.64

Arcsine sqrt (%Shredder) Treatment 0.01 0.01: 1 4.01 0.86 0.41
Arcsine sqrt (%Predator) Treatment 0.00 0. 00: 1 3.99 0.19 0. 68
Arcsine sqrt (%CollectorGatherer) Treatment 0.00 0. 00° 1 4.00 0. 35 0.58§

Arcsine sgrt (% CollecteFilterers)  Treatment 0.01 0.01 1 4.02 0.34 0.59

Arcsine sqrt (% Scraper) Treatment 0.00 0. 00 1 4.05 2.34 0.19

Shannonds Diver Treatment 0. 15¢ 0.15 1 4.05 1.8 0.24

Pi el ouds Ever Treatment 0.01 0.01 1 4.02 1.06 0.36
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Table A29 Results of PERMANOVA analysis comparing macroinvertebratemunity
assemblageacross harvested (CF3, CF1, DRY?2) awd-harvested (DWW, DRY1AUP,
SN1)watershedsvith degrees of freedom (df), sum of squares (SS), mean squares (MS),
F-statistic (F), Rsquared (R2), andyalue (p). Significant differences between years are
indicated when p<0.05.

Model df SS F R p
Parameters

Treatment 1 1.13 5.59 0.14 0.001
Residuals 33 6.71 0.85

Total 34 7.85 1.00
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Figure A7 Principal coordinate analysis (PCoA) showing differences in the variability of
community composition acrossreams irharvested and nelmarvestedandscapebased
on BrayCurtis dissimilarites.
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Table A30: Results of SIMPERnalysisof macroinvertebrate communities compared
acrossstreams irharvested (H) and nelmarvested (NHyvatersheds. Table includes the
cumulative contributions of the most influential species (~70% of the dissimilarity

matrix) and their associatedvalues determined using PERMANOVA.

Comparison Species Avaerage sd ratio  Average Cumulative | P
Abundances] Sum
Harvested | Chironomidae 0.18 0.16 1.13 37.9(H) 0.26 0.042
& Non- 32.1 (NH)
harvested | Caenidae 0.16 0.23 0.71 46.7 (H) 0.49 0.063
3.1 (NH)
Leptophlebiidae 0.11 0.09 133 4.8(H) 0.65 0.002
23.8 (NH)
Lepidostomatidae 0.04 0.06 0.75 6.67 (H) 0.71 0.002
0.47 (NH)
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Table A31: Results of Envfit comparing macroinvertebrate community composition

acrossstreams irharvested and nelmarvestedvatershedsvith all environmental

variables.

Variable Type | Variable NMDS1 | NMDS2 | R2 P

Vectors COD (g/day) 0.958 0.284 0.139 0.067
FOD (g/day) 0.961 -0.274 0.030 0.614
DO (mg/L) 0.844 -0.535 0.0502 0.442
DOC (mg/L) -0.239 -0.970 0.581 0.001
TSS (mg/L) 0.990 0.117 0.38 0.001
Cl (mg/L) 0.357 0.933 0.182 0.037
S04 (mg/L) 0.153 0.988 0.016 0.065
TP (mg/L) 0.655 -0.755 0.396 0.002
TN (mg/L) 0.219 -0.975 0.603 0.001

Factors Harvested -0.197 0.063 0.097 [ 0.036

(Centroids for

Treatment)
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Tabl e MA @tstandard deviation (SD) of diversity metri@(a n n diverditgin d e x ( H 6 ¢venneBsi (BH,P60 u 6 s
Ephemeroptera, Plecoptera, Trichoptera (Y%EPT), % Tolerant Taxa (% Chironomidae), and % Shredder) sampled from leaf
packs deployed in 12 sites (3 harvested and 3haovested) across 4 regions (DE, CF, SN, DW) sampled from 2048,

Referecme sites herein were uigkgureB&® establish Anor mal rangeso
Site Year N Shannon Pi el o u|] Shredder (%) EPT (%) Chironomidae | Treatment | Region
Diversity ( H6 )] EvennesdJ) (%)

CF1 2019 6 1.625 + 0.239 0.746 £ 0.111 13.5+14.6 14.7 +16.8 58.9 + 18.7 Reference CF
2020 6 1.609 £0.124 0.808 + 0.073 20.6 +11.8 249+ 8.6 62+7.2 Harvested
2021 6 1.728 £0.184 0.774 £ 0.049 35+43 396 49.6 + 84 Harvested
CF3 2019 6 1.862 £ 0.413 0.802 + 0.113 19+16.1 40.4 £15.2 53.5+15.9 Reference
2020 6 0.286 + 0.258 N/A 0+0 00 96.2+2.4 Harvested
2021 6 1.388 £0.244 0.712+0.1 51+9.1 8.3+10.8 83.8+15.2 Harvested
CFR1 2019 6 1.311 +0.313 0.704 + 0.109 3.3+31 15+18 58.4 + 18.4 Reference
2020 3 1.741+£0.2 0.847 £ 0.022 24+34 8.1+9.7 29.7 £ 26.5 Reference

DE1 2019 6 1.906 + 0.34 0.727 £ 0.142 11.2+51 32.3+122 59.5+15.6 Reference DE
2020 6 1.795 £ 0.233 0.689 + 0.047 3.8+x15 47 + 16.6 48.3+ 135 Reference
DE2 2019 5 1.398 £0.173 0.654 + 0.06 15.2+11.8 20.7 £ 9.6 749+54 Reference
2020 6 1.543 £ 0.145 0.785 + 0.051 7.7+87 13.7+5.8 81.6+6.7 Reference
DER2 2019 6 1.337 £0.119 0.714 £ 0.09 55+44 6.2+9.2 80.6 +10.2 Reference
2020 6 1.16 £ 0.524 0.613 + 0.266 12.1 £10.3 29+238 81.6+11.9 Reference

DRY1AUP 2021 6 1.59 +0.359 0.757 + 0.068 26+27 29.8+17.2 32+14 Reference | DRY
DRY2 2021 6 1.25 +0.408 0.506 + 0.159 1.8+15 75+12.4 12.8+11.8 Harvested

DwW1 2019 6 1.478 £ 0.25 0.671 + 0.065 6.8+4.2 68.1 +21.9 30.7+215 Reference DW
2020 6 1.58+0.11 0.78 £ 0.106 158+14.4 66.8 + 13.6 30.7 £ 16 Reference
2021 6 1.634 £0.292 0.805 +0.112 4.1+33 548+ 19 39+15.7 Reference
DWR3 2019 6 1.477 £0.115 0.715 + 0.089 1+1 159+6.1 55.6 + 9.5 Reference
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2020 6 1.396 + 0.125 0.759 + 0.117 2+2.4 11.8+8 85+ 9.2 Reference
SN1 2019 6 1.542 + 0.412 0.544 + 0.1 22+19 209+14.2 75.6+154  Reference | SN
2020 6 1.937 £ 0.179 0.781 + 0.041 6.8 £ 6.4 39.4+10.8 425+152  Reference
2021 5 1.774 +0.136 0.697 + 0.028 22+25 33.2+15  39.6+19.5  Reference
SN3 2019 6 1.381 + 0.294 0.651 +0.15 0.6+1 21+36 64 +28.6 Reference
2020 6 1.258 + 0.471 0.561 + 0.196 15+23 8.2+7.4 84.4+16.1  Reference
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p<0.0001, R=0.97), B) Nort herm.RéOdhel |y
R=0.99) , C) White Suckers (n=5, t=10. 2,
Scul pin (n=5, t=12.3, df=3, p=0.001).
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Par agB®&RPprhi or to statistical analyses and
were pooled into two groups, primary and

presented i nlWMemamdtotr matt i aln. fF2d0M Wi ggi ns (
considettdtvalkees FR2gur ePri mary consumers i
gat herers (,Bagpt,Cdlale®m)osnd medsidemnost a(ul i us,

Limnephilus, Lepi dosnnemd, | HydkRhlad) m@,tsheilrdaapee r s
Ly mnaeStdeaneone mand t-thiel {€aii dovac tSeep)c ondary ¢ ons
i ncl udedf iclotl@hecartsant(apdydhepsy dhmeul tati ve
and shPRteidld®g,t damids o do rAztséh n@ar, e Catramnud e(ast e
Somatochl orali hbeulkcoEpitRinée dapwd neni gr ouped w
predacious taxa as | ater instars dre ofte
chironomid head capsules in their gut <con
taxa (Lymnaeidae and Planorbidae) were cl
consumer s. Finall Hy dHy gasmGhseriorait dspesr ydcahxed (
classified as predacious-ftiaxaerccespitse tthlesg
Kknown to consume oChemarmaentelf Bainhdkse Wh iWs
1980; 1997; Wiggins, 1 9Po6me Meirmni etp h& |G udnanel
Li mnephixlaushhad thdlchl thlegmeot heNe mdtrauwldier s (
Hydat ophydmd&k as such magd haovoerces i etdher t
Wi ggins (1996) and Merritt et al. (2019)

this group, and as 9Pudmmatrtyeyx omerueneirrsc| ude
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Tabl eThBek:am creent age met hyl mercury ( MeHg) of
concentrations ( %MeHg of THg) and range i
(MM), Pearl Dace (PD), Northern Redbelly
Bl acknose Shiner (BNSpoldamrdt Ei2n0é2slo ahl réoOnd & c
seven streamsenmnr d hRe oirgyrd.e n

n
D
e

%Me H
Stream Spec THgg n
MM 86.5 1
CF1 NR D 85. 6, 2
86. 2
PD (819.19 ¢ *
BS 92.3 1
MM 84 . 4 1
CFLlB NR D 94.7 1
PD 85.2 1
BN S 135.0 1
84 . 4
CFR1 BS (ewrn ¢ 3
PD (697.85 ¢ 2
84 8
CF3 NRD 7588.: 4
PD 85-98. 4 2
BS 77.5 1
DRY 2 MM 98.3 1
NR D 84.6 1
BS 97. 4 1
DRY1AUF MM 93.5 1
NR D 77.4 1
BNS (9017 C 2
BS 7583. ¢ 3
SN 1 FSD 84.0 1
87. 4
NRD 71, 4
DW1 WS 77 1
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Tabl eSuBbmary stati st imeametfhylomegracursyonsomdentrations ([ MeHg
(Fine Particul ate Organic Matter, FPOM, andscCoabteéei Pamjtic
coll estedadmdarvoéen€FéadamhICdmBar veé CFRALDVWIWat erisrh eAldw g n J
Septembe(5O0ptitne2t0)1 9 and 2020. ComparmMasaiWhl) weeyg madéeswi ahd
statistics reé¢erbdtoannMavht toeyf oests, df refers to degrees
significance at an alpha of 0.05.

Sit]JFood 2019 Test 2020 Test
sour Aug SepOc Test]l p Aug. SepOc Test p

St at St ati

(df (df)
CF3 FPOM| 7.\3.1 6.N4.0 0.(52. 0.6/ 2.00. 4 4ND.8 24 (2 0.0
Biofl24. 6, 9N86.: --- --18N8.0 25N®6. -1.(12. 0. 3

(3)

CPOM 1.1 ( --- --10.80.4 1.N®.5 -1.(43. 0.2
CF1 FPOM| 2.Rt0. 7 1.N».7 16 (4 0.1 2.\0.9 2RN®.4 06 (2 0. §
Biof] 6.B4.1 3.Nad.7 0.(92. 0.43.81.1 8N®. 7 1 0.}
cpomM 0.B0.1 OR®.1 -10 (¢0.330.\0.9 OND. 1 -11 (2 0. 3
CFR FPOM| 4. 4, 2 Na . 3 --- --13.N2.1 2N®.2 0.(92. 0. 4
Bi of 5. 3, 2 Na . 3 --- --13.\0.6 4Na.8 -1.(02. 0. 3
cPoMl 0. 2, 0.ND. 1 --- --10.f0.1 OND.1 5.(13. 0.0
SN1 FPoM] 4Ra.5 2RND.9 2.(83. 0.0 1.860.2 1 N®D. 4 28 (2 0.0
Biof] 6.8.9 3ND.9 27 (20.04.82.3 1N®.9 2.0 ( 0.1
cpoM] 0.3, 1 0RND. 1 -- --10.80.2 ON®. 3 -10 (3 0. 3
bwi FPOM| 0.R?0. 2 1 ND. 4 -1.(73. 0.1 0.NM0.1 ON®. 1 -0.(73 0.5
Bi of [3.861. 3 2 ND.3 10(2. 0.41.f0.3 1.N®.3 -03 (3 0.7
cPoM] OND.1 OND.O O0.(72. 0.5 0.R0.1 0.ND.1 005 ( 0. 9
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Tabl eSuBBmary stati st itlcths( adfNSD) mmareissomnsal off Fine Particul at e
Coarse Particulate Organic Maitafeirl, m)C RsOoV) b eathihd® aegénga & dca nfdo o d
CFan3Inomar veée €CFRA, SWht eDWh)eAlrugn g SeptembeptOad i) d® and
2020. Compari soneswWmmetWhatdeewi thsts, and tedtesgstWgoimntdi cs
MannWihli t ney tests, df refers to degr ephsa odf fO.eCel[dom and p |

Sit]JFood 2019 Test 2020 Test

sour Aug SepOc Test]l p Aug. SepOc Test p
St at St ati
(df (df)

CF3 FPOMJ O0."80. 4 1.N4.0 -19 (:0.11.80.3 1.N®.8 0.(52. 0.6
Biof|] 2."00.4 1N®».2 2.(82. 0.000.\v0. 4 ONH. 9 -0.(62. 0.5
cpoMf 1.6 ( 1.6 ( --- --41.\v0.1 -1.KND. 0.(03. 1

(3)

CF1 FPOMJ 0."60.6 O.N®».5 0.(73. 0.550.60.3 0OND.3 23 (4 0.0
Biof] 1.560.7 -0ND.6 4.(63. 0.01.\v2.3 ORNn.7 16 (4 0.1
cpoM] -1. 0. 1 -1 N®. 2 0 0.1-2.N0. 3 -1.N®. 3 0.6

(3)

CFR FPOM] 2.3, 1 2.Nm. 4 --- --41.NW0.6 1N®D.6 -0.(43. 0.7
Biof] 2.0, 3 1ND.2 --- --42.N0.5 2N0.8 -0.(63. 0.5
CPOM| -1.4,6 -1ND.1 --- --41.%0.3 -1 K®. 02 (2 0.8

(3)

SN1 FPOM|] 1.R80. 4 1 .N®. 2 7.5 0.41.fM0.9 1 ND.4 0.(42. 0.7
Biof] 3ND.9 2KN&.4 0.(93. 0.43.80.3 2ND.3 24 (3 0.0
cCPOM] 1.9, C-1N®. 3 --- --41.880.2 -1.ND. 1 0.2

(3)

Dwi FPOM| 1 N®@. 3 2N2.3 -0.(82. 0.4 0R®.7 12.Nn1.0 -03 (3 0.7
Biof|l1.ND. 1 1.N.3 07(2. 0.581.ND.3 1 N®.3 06 (3 0.6
CPOM| -1 N®. 2 -1N®.2 2.(24. 0.0 2.N®. 2 -2.NO. 0 1

(3)
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Tabl eMeBadn: Tot al LESD) hof( TlLi)sick ms feci es (Sp.) (Pear|l Dace PD
Stickleback BS, Mottled Sculpin(MS1L9 p-{ RDOROI)-a2B2 ploeshar WSS
from stZZzhaamesitred (a&rFB A nrde fCFrld CER1Iwa St shhe®ORK yniema r egi on.
Differences in TL w8\Vaé¢l asstesed, (€FRT IOnb yh al

2019 2020 2021 Compari son
TL (c Sp. TL (cr Sp]JTL (¢ Sp. Test Test] DF p-
_ St at i v al
CF3 3N®.. PD 3 N®. 5 NROQ 5.N2. NRD KW Ted 19.49 2 <0. (
(n=11( (n=10 (n=1
CF1 3 ND . P D 6 NhL.5 PD| 5 .N2. PD KW Te s 8.0 2 0.0
(n=14 (n=3) (n=1
CFR1 4 N. BS 3N®D.5 BS TTest 0.44d 14.]1] 0.6
(n=9 (n=10
SN1 4 N®».  NRD 4 Nda. 0 NROQ 5.N@a. NRD KW Te { 3.5 2 0.1
(n=4 (n=10 (n=1
D W1 7 ND.: MS - -1 8 .N®. WS
(n=2 (n=5
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Tabl eMeBafintlah gt hN$D)Lom)¥( f i sh oNecitdernSmRe) elllly sivi tetse N Rah d
SuckNSr St DWlicohl ot ess é&tareem$@idh (CGA3B, DRW2AaY v #sRiYeldAAUPS N1 ,
DWlwat erisrh etdlse-K ®mgd& nr egi on. Di fferenceswailn i BL twertes assess

Har vested Nodmarvest ed|KrusWall i s
CF1 CF18B CF3 DRY2|DRY1Al DW1 SN1 |H df|pval
TL (  TL (¢ TL (cTL (q TL (c TL (. TL (q
4. 0N 5.5Rf1 5. 2R 5. 1R 5. 0R1 8. 5R ' 5. 3RAP21.1]6 |JO. 00
(n=1 (n=1 (n=1 (n=1 (n=9 (n= (n=1
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Laj oi e

Mc Master

University,

Tabl eMeBadNS@IMme diianer quart i lamdample ofitax@perHy) ( FoN@tdi ssol ved

oo gacirbon,MgDAQ | | ec(t 2@l P)-€ 2DROI)n-d2 AR pPpmwtsitlr ehaamsvest ed

CF1l), namar 3¢ £F &4,

comparisons

acr oss

S N h,n dBwh )ptehse-K ®m ¢ d & prvead iucers.
yed/ab|l det &kesd tase d(N@FHIn go rkKiryu)s.k allab |l e i

Department o
(CF3

denote signif
ncl

either H, U, or t, and degrees of freedom in parentheses.
Water foMeeHogg/ g L)
2019 2020 2021 KW or
Wi | cox
Me a n qudi Il QR n Me a n I1Med I QR n Me an I1Medi I QR n p Tes
an St al
CF3 0.26 N 0.2!'/"0.110]21.21 ~O0.7 1.3: 7 0.96 f 0.8:0.3 15/0.00 16.
CF1 0.07 K 0.01r0.0 1000.09 Fo0Oo.0 0.0 9 0.07 F 0.0!'0.012] 0.2! 2. 1
CFrR1} 0.27 N 0.2.0.1 9]0.23 f0.1 0.0' 6 - - - e oo - 0.2z 38*
SN1 0.44 N 0.3 0.1 8}0.124 f0.12 0.0' 1010.20 F 0.1¢t0.1 11f 0.0: 6.1
D W1 0.08 N 0.0:{0.0 8}J0.05 0.0 0.0: 120J0.04 K 0.0-0.0 7 0.2.3.0
Di ssol ved Organic Carbon (DOC mg/ L)
2019 2020 2021 KW or
Wi | cox
Me a n 71Medi Il QR n Me a n Med] | QR n Me an I1Med| I QR n p Tes
an St al
CF3 |14. 78 14.7 4.4 10] 31.30 33 11. &8 7 32.88 27.€15. 15/ 0.00 15
11. 5: 11. 2¢

CF1 |12.33 11.€ 8.4 10l 8.126 K 7.2 3.6( 9 14.21 12.78.2 12} 0.0:¢{5.0
CFR126. 514 28.48.4 9]118.46 19. 10.€ 9 - - e e e - 0.04 44+~
SN1 |15.58 14.13.2 8Jl14.61 14. 1.6 10)22.20 19.16.8 11} 0.00 15.
DW1 | 13. 79 13.23.4 8]110.07 10. 1.6. 10017. 49 13.€ 6.3 7 0.0C11.
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TabB7ePai r wi se obMmplgr ( $Meashgl di
three years (2019, 2020, 202
e

comparison awdlsegnafechaotd

ssol ved or gafnricm & lblroens § DOC,
1) using Dunnpsaltess fworn he Bom
d

Site Water Chemistry | Comparison Z Adjusted

Parameter score P
CF3 [MeHgrotal 20192020 -2.91  0.005
(ng/L) 20192021 -3.85  0.002
20202021 -0.34 1.00
DOC (mgl/L) 20192020 -2.71 0.01

20192021 -3.81 0.0002
20202021  -0.32 1.00

SN1 [MeHgrotal 20192020 2.43  0.022
(ng/L) 20192021 2.14  0.047

20202021 -0.299  1.00

DOC (mg/L) 20192020 -0.050  1.00

20192021 -3.28 0.0015
20202021 -3.44 0.009
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Ph.ilCel i

Tabl e

3.a2cr os s

each

ne M. E. Laj oi e Mc Master
B&8i r wi se [cMetbgodir s @ess rofal (CPOM and
three years (2019, 2020, 2021)
compari somabodssageai botdetd. p
Site Food Source Comparison Z score | Adjusted p
(MeHg ng/g dw)
CF3 FPOM 20192020 2.71 0.01*
20192021 -0.21  1.00
20202021 -2.42  0.02*
CF1 FPOM 20192020 -1.61  0.15
20192021 -3.03  0.004*
20202021 -1.71  0.12
Dw1 Biofilm 20192020 2.32 0.03
20192021 3.32 0.0013*
20202021 1.42 0.23
FPOM 20192020 2.52 0.017*
20192021 2.74 0.009*
20202021 0.68 0.73

us

FPOM)f radhadb lasguat i

University,

ng

Depart ment

Bvuanl nubess tfeosrt
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Tabl eMeB9n: [ Wle BPD)medi an, interquartil e prrainngaer y(,I QRY)d, saencdo nsdaanm
col l ect2@l P)y-¢ 2DLRMOI)N-g2@2 ppsbhamvesteams in 2 harvédatrecest €@ds3
(CFR1, SN1, DW1) | akamsaragp prsead iners.hdeBDoydeni gnificance of ¢
deter mi ned -Waslilnigs KFeaesshsasla(n@FR1 only). Table includes the t
of freedom in parentheses.

Primary Consumer s

2019 2020 2021 Stati st
MeHg (ng/ g d MeHg (ng/ g d MeHg (ngl/g
MeafNSD Med | QR n MeafNSDP Med | QR n|[MeafNSP Med | QR n p Test
(df)
CF3 ] 159.2RK146 52. 5 77.1N1 68. 17. 3]103.7K115 60. 7]10.0 4.9 (
CF1 22. 7N 19. 6.4 3 44.8N1 37. 11. 3] 32.3N:29. 11. 1d0.0 6.4 (
CFR1 60.7K 60. 4.2 3 54. 7N3 42. 54. 7 - e e e e e 0.6 0.5 (
SN1 42.2N:42. 11. 5 31.2N128. 8.6} 17.2N:21. 21. 9J0.0 8.1 (
DWwW1 43. 7N 43. 4.¢ 3 49.9N1 35. 36. 6 12.7N 12. 0.¢3]0.0 6.6 (
Secondary Consumer s
2019 2020 2021 Stati st
MeHg (ng/ g d MeHg (ng/ g d MeHg (ngl/ g
MeafNSDP Med | QR n MeafNSDP Med | QR n|[MeafNSP Med | QR n p Test
(df)
CF3 ] 286.6N263 124 6 254. 4N 252 47. 7|1485.2N429 434 130.2 2.8 (
CF1 110.2110 0.¢C 1 152.1152 0.CcC1]127.28136 17. 3| --- - -
CFR1 86. 7N:83. 16. 5 102.6N109 33. 7 - e e - - - 0.2 -1.1 (
SN1 | 146.38234 75. 11] 98.1N4 94. 35. 14 72.9N 70. 33.140.0 11.6
DWwW1 54. 0N: 48. 13. 8 56. 1N2 56. 26. 11 38. 7N:27. 29. 1 0.1 4.0 ( 4
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ne
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Tabl ePBlOwi se

Tabl acB8ss

for

each

Laj oi e

Mc Master

University,

Depart ment

o

secondar yroonsum

usi

comparisons of primary and
three years (2019, 2020, 2021)
compar rvsad nu easn da rsei gonoil fdiecdant p
Site Consumer | Comparison Z p Adjusted P
(MeHg ng/g score
dw)
CF1 Primary 20192020 -2.48 0.006 0.02*
20192021 -1.20 0.11 0.34
20202021 1.88 0.03 0.09
Primary 20192020 0.60 0.27 0.81
20192021 2.59 0.004 0.01*
SN1 20202021 2.04 0.02 0.06
Secondary 20192020 1.84 0.03 0.09
20192021 3.39 0.003 0.001*
20202021 1.73 0.04 0.12
Dw1 Primary 20192020 5.88 0.27 0.83
Consumers 20192021 2.37 0.03 0.026
20202021 2.15 0.02 0.046

ng

Brvuanl nubess
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Tabl ePBilhary and Secondary consbtbmersempoltabebmpakEBéEdgs wi
and E&R3In)omar veéesCFRA, SNWht eDWh)eds -Kenn atrchaei Onm yalfe nNor Niowest er n
HYDA=Hydatophylax NEM=NemotauliusL.IM =Limnephillidae, LEP=Lepidostoma, LEPT= Leptophlebiidae,

CHI=Chimarra, CHIRO=Chironomidae, STEStenonemaPLAN=Planorbidae, HYDHydropsycheCHEU=

Cheumatopsych@TIL = Ptilostomis AESH=Aeshna CORD=CordulegasterSOM=SomatochloraLEU=Leucorrhinig

EPI=Epitheca.

SitqPri mary ConsumelJ]Secondary Consumer
CF3|20191:M (4), LEPJ201ESH (1), CORD
2020HI RO ( 3) PTI L (3)
2021:M (3), PLAN202MESH (2), LEU (
(2) 202AESH (5), LEU (
PTI L (3)
CF1]12019LI M (3) 201PTI L (1)
2020I:M (2), LEPJ202TI L (1)
2020EM (3), LEPJ202PTI L ( 3)
HYDA (3)
CFR12019PLAN (3) 201ESH (1) PTI L
202NEM (1), PLANLEU (1)
(3) 2020ESH (2), LI B (
(1), EPI (1), PTI U
SN1 |2019EPT (3), NEN2O01WESH (1), CHEU
(1) HYD (3), PTIL (3),
202WEPT (3), NEN2O02MESH (3), AGRI
(2) CHEU (1), HYD (3),
202ULEPT (3), NEN2O0O2MESH (3), CHEU
(3) HYyD (3), PTIL (3),
DW1 |2019EPT (3), CHR201®CM (1), PTI L (
202WEPT (3), CHIJHYD (1), CHEU (1)
(1) 202MESH (1), CHEU
202UEPT ( 3) HYD (3), PTIL (2)
202AHEU (3), CORD
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Ph.ilLel i ne

Tabl eMB8A[BT HH P D)

M. E.

Laj oi e

of

Mottled Scul pin MS,

fis

and

Mc Master University,

h species (Sp.) (Pear/

Department o

Dace

2019 2020 2021
THg n Sp. THg n Sp. THg n Sp
(ngl/d (ng/dg (ng/dg

Harvest ed

CF3 31483 .10 PD| 50844 .10 NRD|88MWN3B4 10 NR

D

CF1 |10084 ®¢ 4 PD|86 N3®2 3 PD | 7583815 PD
Ref erence

CFRY 16 N2® . 9 BS| 18AN6®2. 10 BS - - - - - - -

SN1 56 N4® . 4 NRD|45®HN.13510 NRD|40®HN.1®1 13 NR

D

D W1 84NBO. 2 MS - - - -- =--- 53NBO0O. 5 WS

PD, Nort

WRiotle ) S(uadkzQi)n-@eso) 2 xod bl aercvt eesdt pfrreo m
harveé¢€F8danadn dCF3l )r,ef er é €CER1IwatSélms t OWKPmyda nr egi on.
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Tabl eS8mMmary of Analysis of Cov@airataanlc emeg rAANCIONA()[ THanp)ar o in gF
and Northern Redbelly Dace -(20R29D) ,andu r2i0{d2;q ZNRDQH acaoralsapr dasttd
all ow for size adjustment of [ THg]. Summagd pt af Aeakwysiys (6
Pear |l Dace (PDJj2amd) coduect(gdqP®)2Oharamadstpoastt CF1 to all ow

Site Speci Respo Paramet SS df F p

CF3 PD (2 Lowp |l nterce0O0. 90¢t1 65. <0.
NRD [ Hg ] Logd TL) 0. 02¢1 2.00.1
(2020 Year 0.05:2 1.80.1
2021) Lo YearO0. 09¢2 3.40. 03

Resi duaO. 33224
CF1 PD L 019 Logod TL) 0.08¢(1 2.00.1
[ THg]]lYear 0.14 2 1.70.1

Resi duaO. 71 18
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Tabl e Bla4d cul ated | east square neenddos thle$SM) Rfearh eP d230r A0 9B a&c € N
col | ee(t2e0dl 9p)r,e dur i n(g2 O 210)2 Oh) a rameds tp oastts | JLeFt30 sa zceo nandg ru stt oetda I[ TIHe

cm Calculated | east square meahB(s20(199M) dfuorri nfge & 22110)2008) a eawmnEdB B
CF1l size asd]jeutsat ead c[olnhgon t octnal | ength (TL) of 5.2
CF 3
LSM of NRD and PD [ THg] n|JComparison of LSM of [ THg
4. 0cm size adjusted at 4. 0cm
Year LSM SE df Lowe UppgContrastEsti miSE t (dfop

CL CL
20109 225 52. 24 139 364 12029$20 -0.3550.1 -3.12 0.0
2020 509 60. 24 399 650 2029921 -0.4490.1 -3.94 0.0
2021 632 75. 24 494 494 )j202mM21 -0.09 -0.0-1.28 0. 4
CF1
LSM of NRD TéHgd M/ g dw siJjCompari son of LSM of [ THg
5.2cm adjusted at 5.2cm
Year LSM SE df Lowe UppgContrasyEsti m|SE t (dep
CL CL
20109 117 318 18 664 20794202920 0.178 0.1 1.02 0.5
2020 778 208 18 443 13642029¥21 0.237 0.1 1.86 0.1
2021 679 80. 18 530 871])J202mM21 O0.059 0.1 0.46 0. 8
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Depart ment

TabBlesAcr ossompear isne@mT BI@IPD) of fisbBspe&ki &$ i calpde YNeoor kk hBS ,n
Redbelly Dadcembabkhested (SN1, CFRl1Xewatar s leqd20n2Piv. atdb mes 20 rl Y
denote significance of comparitecns,aaiasldrouesldesdt sdet er mi ne
2019 2020 2021 Compari son
THg (n Sp.)J THg (n Sp.J THg (n Sp. Test Test]pval
St at
CFR1 16mMN2®. BS| 18XN6Q@ BS Tt est 38 0.6
(n=9) (n=10
SN1 56 N4® . NRD|] 458.135 NRD| 40XN.11 NRD Kw Ted 6.91 0.0
(n=4) (n=10 (n=13
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Tabl e Bla6 r wi se comparisons of total mer cur
Redbelly Dacefcoml & asbderdo Bsl 5tShNflee years (201
using Dunnds test with Bonferswvaniuesorroec teia
comparison awdlsegnafecholtded.

Site Consumers | Comparison | Z score Adjusted P
SN1 Northern 20192020 1.62 0.16
Redbelly 20192021 2.60 0.01
Dace 20202021 1.26 0.31
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Table B17 Summary statistics of Analysis of covariance (ANCOVA) (Type 3) comparing Trophic Biomagnification Slopes

(TMS) of MeHg (ng/g dw) of food sources, and macroinvertebrate consumers asg@ajusted THg (ng/g dw) of fish

present all years collected p(€019), during (2020) and peg021) harvest at harvested (CF1 and CF3) anehaovested

(CFR1, SN1, DW1) sitegHg] of food sources and consumers aradd@nsformedModel ParametersincludéN( 8) as a
covariateat¥gariasalavariable andNaa)i nTab mem ispind roese s(eed) ,Y
degrees osthtesdowgl(Ue ,( ppinnd GPOM was omitted from CF3 mode

fish were omitted from DW1 model as they were not coll ect
SiteParamet/]SS | df|] F | p | Species included in mo
Harvested

CF3 I nterc 6.0 1 37.:2<0. 201®I: 0 (5) , FPOM (6), LIM (4), L
at N 11. 1 67.¢<0. (1), PTIL (3), PD (10
Year 1.6 2 5 0 o0.0d 202®1:0 (6), FPO(Mlé)6), CHI RO (3),
WN*Yea 0.8 2 2.5 0.0 202m1:0 (3), FPOM (3), CHIRO (2),
Residul5. 94 (5), LEU (3) SOM (3),

CF1 Interc 3.1 1 19.¢<0. 0 201®W:0 (6), FPOM (6), CPOM (6),
ot N 32. 1 206. <0.0 20200:0 (6), FPOM (6), CPOM (6),

MM (15), NRD (2), PD (

Year 3.9 2 12.€¢<0.0
AR Yea 3.6 2 11 .<o 20280 (8), FPOM (8), CPOM (3), |1

: PTI L 3), NRD 18) , PD 15),
Resi du20. 13: (3) ( ) ( )

Ref erence

CFR] I nterc0.0 1 0.2 0.6]201®W:0 (5), FPOM (5), CPOM (5),
ot N 34. 1 174. <0.0 (1), LEU (1), BS (9),
Year 0.0 1 0.00 0.9 zoiag:uo (16), PFTPIOLM (16), SCOPMOM 1(6),EPL
"N*Yea 0.0 1 0.3( 0.5 (1), (1), (1),
Residul?7 90

SN1 I nterc0.0 1 0.3 0.5] 201®WI:O0 (6), FPOM (6), CPOM (5),
ot N 59. 1 508. <0.0 (3), HYD (3), CHEU (2)(1)SOMPD 101
Year 0.7 2 3.3 0.0 BS (9)
"N*Yea 0.3 2 1.3 0.2
Resi du 2?2 19:
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20201:0 (6), FPOM (6), CPOM (6),
(3), HYD (3), CHEU (1), SOM (3)
(10), PD (1), BNS (11)
202BI:0 (3), FPOM (3), CPOM (3),
(3), CHEU (3), PTIL (3), SOM (3)
FSD (10), NRD (13)

D W1 Interc 0.1 1 0.4. 0. 201W O (6), FPOM (6), CPOM (6),
N 20. 1 88. ( <0. 5 0 2601 O (6()1)'FPHOYMD ((61)), CCPOORMD ((62)),
Vlgfsr 8'25 13 8 (1), HYD (3), CHEU (3), AE
u rea o. : 202BI:0 (3), FPOM (3), CPOM (3), L
Residul8. 80 ( 3)

Notes BIO=Biofilm, CPOM= Coarse Particulate Organic Matter, FPOM= Faréculate Organic Matter,
HYDA=Hydatophylax NEM=NemotauliusLIM =Limnephillidae, LEP=Lepidostoma, LEPT= Leptophlebiidae,
CHI=Chimarra, CHIRO=Chironomidae, STEStenonemaPLAN=Planorbidae, HYDHydropsycheCHEU=
Cheumatopsych@TIL = Ptilostomis AESH=Aeshna CORD=CordulegasterSOM=SomatochloraLEU= Leucorrhinig

EPI=Epitheca NRD= Northern Redbelly Dace, BS=Brook Stickleback, FSD= Finescale Dace, BNS= Blacknose Shiner,
MM=Central MudminnowPD=Pear| Dae.
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Table B18: Output of emtrends() comparisons of TMS at CF1 when all samples are
included in analyseseeTable B17)

Year D15N SE df Lower Upper
Trend

2019 0. 36 0.0248132 0.308 0.406

2020 0. 32 0.014 132 0.289 0.345

2021 0. 24 0.014 132 0.213 0.269
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Tabl eOBtLPut of emtrends(TMPaet weeseyeampaf D!

when all samplle®a®ble Bblsi dered

ContraEsti maSE df T ratiP val
2029V2C0. 039 0.029 132 1.39 0. 34
2029PY210.115 0.029 132 4. 05 0.000
202M210. 07 0.019 132 3.80 0.000
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Table B20: Summary statistics of Analysis of covariance (ANOVA) comparing the

relationship betweelog:o transformedMeHg] (ng/g dw) of food sources, primary

consumers, andn-adjusted THg] (ng/g dw) of fish and theii* N a()p r-(e2019) ,
during (20RONvVexatnd( 2®@31) at hahravrevsetsetde d( CF 1,
(CFR1, SMWh, eb.Witdel BassametersincludéeN( &) as a covari a

as a categorical wvariabl edtdMnha) anTdamltes riarcdlit
sum sgtiares (SS), desdrade stovcalf(uFed e dmm,d GPOM w
omitted from CF3 model due to | ow sampl e s
DWL.model as they were not collected in 2020
Sit/ParamegSsS df F p
CF3 ut N 39. 1 237 .<0.(
Year 1. 3¢t 2 4. 0 0.0
Resid 16. 96
CFR ot N 75. 1 386.<0. (
Year 0.1 1 0.9 0.3
Resid 17. 91
SN1 ut N 178. 1 1512<0.{(
Year 0.6 2 2.8 0.0

Resid 22. 19
D W1 at N 71. 1

Year 2.5 2 5.50.0

Resid 18. 8
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Table B21: Comparison of intercepts of linear models ofilfigg] of food sources,
primary consumers, secondary consumers and fishes, and'theia ()
2 0deatérmined Wsiddlestimatdd mardmial

three years (2019,
means (EMM) withiit Ns et (s@&bBl ¢ .B20

col

|l ected

Site | Contrast | Estimate| SE | df | t-ratio | p-value

CF3 20192020 -0.023 0.103 96 -0.228 0.97
20192021 -0.257 0.100 96 -2.569 0.031
20202021 -0.233 0.101 96 -2.319 0.057

DW1 20192020 0.310 0.123 82 2.52 0.035
20192021 0.433 0.138 82 3.13 0.007
20202021 0.124 0.131 82 0.94 0.61

256

and

a (
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Table B22 Summary statistics of Analysis of covariance (ANCOVA) (Type 3) comparing Trophic Biomagnification Slopes

(TMS) of MeHg (ng/g dw) of all food sources collected in Augasdcroinvertebrate consumers and-sae adjusted THg

(ng/g dw) of fish collected prg2019), during (2020) and peg021) harvest at harvested (CF1 and CF3) anehaovested

(CFR1, SN1, DW1) sitegHg] of food sources and consumers aradognsformedModel parametersincludé* N ( &) as a
covariate, Year as a categoricalltN¢apdi abBhbélsemibmpitachiruds s5(€3 R)c,t |
degrees osthtesdowgl(Ue ,( ppinnd GPOM was omothtewd saomml €F8i me dk
fish were omitted from DW1 model as they were not coll ect

SiteParamet/]SS | df] F | p | Species included in mo
Harvested

CF3 Interc 7.7 1 52.¢<0.02019: BIO (2), FPOM (301),LIGORD)(
N 5.4 1 36. ¢ <0. 0 PTIL (3), PD (10)
Year 0. 9 2 3 1 0.04 2020: BIO (3), (FlFE)?M (3), CHIRO (
WN*Yea 0.6 2 2.1 0.1y 54551. B O (3), FPOM (3), CHIRO (
Residu 12.¢( (5) LEU (3), SoM (3), 1

CF1 Interc 2.1 1 9.1 0.0¢( 2019: BIO (3), FPOM (3), CPOM
gt N 22.: 1 95.7<0.0 2020 BIO (3), FPOM (3), CPOM ({4
Year > 3. 2 5 0 0. .0d42021: EBPOM(EB), CPOM (3), LIM (3
“N* Yea 1.2, 2 2.7 0.0 PTIL (3)., PD (15)
Residu 14. ¢ 64

Ref erence

5.4 0.01 2019: BlIO(Q2), CPPOM(2), PLAN (3)
63.¢2<0.0 (1), LEU (1), BS (9)
2020: Bl O (3), FPOM (3), CPOM (

CFRI Il nterc 1. 1.
at N 13.(C

Year 0.00 3

LEU (1), PTIL (1), SOM (1),

1
1
1
itN* Yea 0.22 1 1.07 0.3
Residu 10. € 52
SN1 Interc0.00 1 0.01 0.9] 2019: BI O (3), FPOM (3), CPOM (2
N 20.€ 1 235. <0.0 (3)., HYD (3), CHEU (2), SOM (1
Year 0.0 2 0.3. 0.7
itN*Yea 0.02 2 0.2 0.8
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Residu 10. €12 2020: Bl O (6) FPOM (6) CPOM (6
(3) HYD (3), CHEU (1) SOM ( 3),
(10)
2021: Bl O (3), FPOM (3), CPOM (3
(3), CHEU (3), PTIL (3), SOM (!
D W1 Interc 0.0¢€ 1 0.3 0. 2019: Bl O (3) FPOM (3), cPoM ( 3)
at N 16. 7 1 85.:<0. HYD (1), CORD (2), SOM
2020: BI O (3), FPOM (3), CPOM (3
Y 42 1.0.
qusr 2 112 ) g g | HYD (3), CHEU (3), AESH (
u rea - : 2021: BIO (3), FPOM (3), CPOM (3
Residu 12.162 ( 3)

BlO=Biofilm, CPOM= Coarsé’articulate Organic Matter, FPOM= Fine Particulate Organic Matter, HYQ@atophylax
NEM=NemotauliusL.IM =Limnephillidae, LEP=Lepidostoma, LEPT= Leptophlebiidae, GEt#marra,
CHIRO=Chironomidae, STEStenonemaPLAN=Planorbidae, HYDHydropsycheCHEU=Cheumatopsych®TIL =
Ptilostomis AESH=Aeshna CORD=Cordulegaster SOM=SomatochloraLEU=Leucorrhinig EPI=Epitheca NRD=
Northern Redbelly Dace, BS=Brook Stickleback, PD= Pearl Dace
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A)CF3-Harvested B) CF1-Harvested .
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',’e.. ° o° 8 2 n
2 . 4
i

— e
; = 7 e
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~
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FigurRe®dessi oMsHpforl olgHY ( n@®/ gfdwphsaér $§ 09 cC
sources and all d4de0d@mgr2d 2d0aqg Indd 20t@eld) ephraer v e s
from harvested (€GRBvaesded@F{CMRdCd rigdhdetdls W1 )
Drye&Kemora region, ON. Models include food
Equation of the |lines and coef fi ciaggnt of d
p<0.01).
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Table B23 Summary statistics of Analysis of covariance (ANOVA) comparing the

relationship betweelog:o transformedMeHg] (ng/g dw) of food sources, primary

consumers, and uadjusted total mercury [THg] (ng/g dw) of fish and th&ilN &)
compar-e20p9), durinlgar(2®€20)(2@28) pastharves
nomarvested (CFR1, SN1, DW1) sites. Model s
A u g uMotlel ParametersincludéeN( 48) as a covariate, Year a

and an interactitNhabpet Wetelne Yeacl|l adds Sum of
degrees of firceegdgogwmn | afeds(tpa)t.i sGCPOM was omitte
due to |l ow sample size in 2019, and fish w
collected in 2020.
Sit/ParamgSS | df F p
Harvested
CF3 ot N 27. 1 183.<0.
Year 0.6 2 1.9 0.
Residl12. 84
CF1 ut N 72. 1 295.<0.
Year 1.2 2 2.6 0.
Resid16. 66
Reference
CFR ot N 32. 1 158.<0.
Year 0.2 1 1.3 0.
Residl10. 53
SN1 ot N 99. 1 1143<0.
Year 0.2 2 1.4 0.
Resid10. 12
DW1 ut N 55 1 267 .<0
Year 3.8 2 9.1 <0
Resid13. 64
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Table B24: Comparison of intercepts of linear models of log10[Hg] of food sources,

primary consumers, secondary consumers and fishes, and'theia() col | ect ed a«
three years ( 20 18etermihéd2iding esntatedlnarginat meédng/1
(EMM)withi*Ns et (s@eeO Table B23).

Site | Contrast | Estimate| SE | df | t-ratio | p-value

DW1 20192020 0.431 0.140 64 3.08 0.008
20192021 0.594 0.142 64 417 0.0003
20202021 0.163 0.133 64 1.22 0.44
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Table B25: Output of linear mixed effect models (LMM) water chemistry parameters including [MeHgTotal], [DOGR-[SO
[TP] and [TN] compared across harvested andmmvestedvatersheds in the Dryddfenora region, ONModels included
Time (days since first sample collection) as a covaraid site as a random effeBeta,standarderror, df, and t ratios are
derived from REML model summary outpusstatistics, and{values were computed using a Waldidtribution.

Model Model Beta SE df t-statistic p-value
Parameter (b) (df)

Logio Water Intercept -1.63 0.68 4.16 -2.3 0.07
[MeHgrotal Treatment -0.26 0.97 4.18 -0.27 0.80
(ng/L) Time -0.002 0.018 55.01 -1.39 0.16
Treatment*Time -0.006  0.027 55.04 -2.17 0.03

Logio DOC (mg/L) Intercept 2.89 0.23 4.69 12.42 <0.0001
Treatment 0.15 0.31 4.11 0.47 0.66
Time 0.0002 0.001 58.3 0.19 0.85
Log10[SO4] (mg/L) Intercept 1.65 0.68 4.16 2.4 0.07
Treatment 0.34 0.96 4.01 0.36 0.73

Time -0.008 0.02 49.04 -3.99 0.0002
Logio[TP] (mg/L) Intercept -4.16 0.48 4.56 -8.59 0.005
Treatment 0.13 0.66 4.08 0.20 0.84
Time 0.006  0.033 43.17 1.87 0.068
[TN] (mg/L) Intercept 0.61 0.13 4.432 4.69 0.007
Treatment 0.17 0.18 4.008 0.94 0.39

Time -0.0003 0.0008 43.09 -3.81 0.0004
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Table B26:Su mmar y of

Laj oi e

Type

Mc Master

Anal ysi s

University,

of

Depart ment

including [MeHgotal, [DOC], [SQ:?], [TP] and [TN] acrosharvested and nemarvestedvatershedi the DryderKenora
region, ON Site was included in models as a random effect.

Model Model SS Mean | Numerator | Denominator | F statistic| p-value
Parameter Square df df
d

Logio Water Treatment 0.014 0.014 1 4.18 0.07 0.80

[MeHgrotal Time 3.26 3.26 1 55.042 16.34 0.16

(ng/L) Treatment*Time 0.94 0.94 1 55.042 4.72 0.03

Logi0 DOC (mg/L) Treatment 0.034 0.034 1 411 0.21 0.66

Time 0.0057 0.0057 1 58.30 0.03 0.85

Log10[SO#*] (mg/L) Treatment 0.049 0.049 1 4.01 0.12 0.73
Time 6.16 6.16 1 49.04 15.97 0.0002

Logio[TP] (mg/L) Treatment 0.012 0.012 1 4.08 0.04 0.84
Time 1.048 1.048 1 43.17 3.49 0.068

[TN] (mg/L) Treatment 0.017 0.017 1 4.009 0.89 0.39
Time 0.28 0.28 1 43.09 14.49 0.0004
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Table B27: Output of emtrends() comparisonsstdpes ofMeHgrota] Vvs. time (day$
across harvested and nbarvested (reference) watershési=se Table B26)

TreatmTi me TSE df Lower Upper
Harves -0.002 0.002 55 -0.006 0.001
Refere-0.008 0.002 55 -0.012 -0.004
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Tabl eOB2put of emtr endsdfdopesalMeHBtdalvs. tinkeo mpar i
(days) across harvested and #i@nvested (reference) watershéskse Table B26)

ContraEsti maSE df T ratip.valu
Harves|O. 006 |0. 002755 2. 17 0. 03
Refere
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Tabl eSBtimary statistics of comiN&DP)song/ gf diwMeBEDPMc oRPONT r
collactess harvested (CF3-haChREst@HE1BDRIRADIP, abdilnodDWl)
Kenora regi of Meblhgdjrfee reesnsceess aWa lulsii sn gt eKgtuss k a |
Harvested Reference MannWiJi t ney T
MeadNSDP) Med | QR n MeadNSD Med | QR n p Test (8 4
CPOM 0.94N0 0.9 0.5 12] 0.37N0 0.2 0.3 9 0.00 94
[ MeHg] (nf
FPOM 6. 03N3 5.6 3.0 12] 1.17N0 1.1 1.3 9 0.00 101
[ MeHg] (n
Biofilm 15.30N:122. 12. 12] 1.72RN1 1.4 2.09| <o0.0c¢C 105
[ MeHg] (n

268



Ph.ilC.el i ne M. E. Laj oi e Mc Master University, Department

Table B30: Output of linear mixed effect models (LMMf log-transformedMeHg] of primary and secondary consumers,
and[THgsiz¢ of fish compared across harvested andimarvestedvatersheds in the Dryddfenora regionModels included
site as a random effecBeta,standarderror, R2 conditional and Rmarginal are derived from REML model summary output.
Standard 95% confidence intervals (Clsjtatistics, andwalues were computed using a Waildigtribution.

Model Model Beta SE t-statistic p-value R? R?
Parameter (bh) (df) Conditional | Marginal
Primary Consumer Intercept 1.78 0.11 16.4 (55) <0.001 0.58 0.41
(logi0 MeHg ng/g dw) Reference  -0.60 0.17  -3.54 (55) 0.013
Secondary Consumer Intercept 2.35 0.10 22.75 (87) <0.001 0.77 0.57
(logi0 MeHg ng/g dw) Reference  -0.64  0.16 4.15 (87) 0.01
Fish logo[THQsize] Intercept 2.63 0.11 4.97 <0.001 0.66 0.18
Reference -0.26 0.17 5.05 0.18
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Tabl eSB®dmhary of
secondary

Type

Laj oi e

Mc Master

Anal ysi s

of

Var iianMeeHgpls ionigr $athnle
consumpéacraasd RabBheg &Weéigednteds nkKenn otrhae SnbDdr gyi degran s

University,

Depart ment

i ncluded in model as a random effect
Mo d e | Par amet|Sum ¢ Me a n Numer a|] Denomin F val
Squar Squar¢g degree Degr ee!
freedc¢ Freedo
Primary consumer log.oMeHg Treatml. 08¢ 1.089 1 5.59 12.5
(ng/g dw)
Secondary consumer log Treatm0. 72 0.72 1 4. 67 17. 2]
MeHg
(ng/g dw)
Fish [THQsizd Treatm0. 07 0.07 5.05 2.43
(ng/g dw)

Table B32: Comparisons of estimated marginal mean®ofo [MeHg] (ng/g dw)of primary consumer angecondary

consumesc ol | ected acr osharivamt egdtsddke dasn-ld enm a rhae rDer gyi doenn
Model EMM SE df Lower | Upper | estimate | T p.
CL CL ratio
Primary consumer logio | Harvested| 1.78 4.6 15 2.1 0.60 3.5 | 0.02
MeHg Reference| 1.17 5.3 0.8 1.5
(ng/ g dw
Secondary consumer | Harvested| 2.35 5.1 2.09 2.61 0.65 41 | 0.01
logioMeHg Reference| 1.71 4.7 1.40 2.01
(ng/g dw)
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Table B33: Output of linear mixed effect models (LMM) for Trophic Biomagnification Slopes (TMS) inclualirgpecies
and food sourcesompared across harvested and-harnvestedvatershed# the DryderKenora region of Ontarid he
model included an interaction betwe@fN and TreatmentSite was included in the model as a random effBeta, Standard
Error, 95% confidence intervals, R2 conditional and R2 marginal are derived from REML model summary output. Standard

95% confidence intervals (Cls}statistics, andalues were computed using a Waldidtribution.

Model | Model Parameter | Beta SE 95% CI Std. | 95% Clfor | t-statistic (df) | p-value R? R?
(bh) b St d. Cond. | Mar.
logaoH Intercept 0.88 0.16 [0.56, 1.19] -- 5.48 (370) <0.001 0.87 | 0.77
g ULeN 0.26  0.008 [0.25,0.28] 0.86 [0.80,0.92] 30.31(370)  <0.001
(ng/g) Reference -0.87 0.24 [-1.35,-0.40] -0.83 [-1.34,-0.32]  -3.56 (370) <0.001
UN*Treatment  0.02 0.01  [-0.004,0.05] 0.08 [-0.01,0.16] 1.64 (370) 0.10
Tabl e Bldmmary of Type I 11 Analysis of Vand{ dgteoftisfogdSabtu

consumer 911l a3Mdadches s

h ehrav evmtad de dasmhdetdise-K ®m g d& nr e g i. Siteway f

included in the model as a random effect.

Mo d e |

Par amet

Sum

4 Me an Numer a|] Denomi n F val p
Squar Squargqg degree Degr ee:
freedc Freedo
logioHg G°N 216. € 216. 8 1 369. 3« 1710.}]<0.0
(ng/g) Treatm1l.60 1.60 1 5.79 12.6 0. 01
G>N*Treatment 0 . 3 3 0. 33 1 369. 3¢ 2. 67 0. 1(
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Table B35: Output of linear mixed effect models (LMM) compare intercepts dfophic Biomagnification Slopes (TMS)
includingall speciesacross harvested and nbarvestedvatersheds the DryderKenora regionSite was included in the
model as a random effe®eta, Standard Error, 95% confidence intervafs;dhditional and Rmarginal are derived from
REML model summary output. Standard 95% confidence intervals (&igtistics, and{walues were computed using a
Wald tdistribution.

Model | Model Parameter | Beta SE 95% CI St d.| 95% Clfor t-statistic p-value R? R?
(bh) St d. (df) Cond. Mar
logaoH Intercept 0.83 0.16 [0.52, 1.15] - 5.2 (371) <0.001 0.87 | 0.76
g ULeN 0.27  0.006 [0.26, 0.29] 0.89 [0.85,0.93] 41.46 (371) <0.001
(ng/g) Reference -0.77 024 [-1.24,-0.29] -0.84 [-1.35-0.32] -3.19(371) 0.002
Tabl eSafmary of Type 111 Analysis of Vartihenaoe |l wdiirbgagha tpt hoe

[ Hg] of food sour ceBN amdr a0 shuanrbvaes svtamd edisd iendtse-K ®mn g d & n
R e g iSdenwas included in the model as a random effect.

Mo del Par amegSum Mean | Numer gDenomi | F va p
Squa| Squar|degre( Degr ece
freed Freed:{(
logioHg UN 218. 218. 7 1 370. 2
(ng/g) Treat 1. 29 1.29 1 5.01
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Table B37: Comparison of intercepts of linear models ofilfigg] of food sources, primary consumers, secondary consumers
and fishes, andtheit N &4() col |l ected acr-hasv datr e cdstiermined ssmggstenatad marginal
means (EMM) withiit Ns et (s@e0 Tabl e B36)

Model | Contrast | Estimate| SE | df t-ratio | p-value
logioHg Harvested 0.77 0.24 5 3.18 0.02
(ng/g) Reference
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Appendi Su@pl ementary I nformation for Chapt
Tabl eAvCelrrage (N standard deviation) Dissolyv

conductance (uS/cm;°CpP&hd pHredempewat uf &)

times in August and September 2021, i n str.
beaver reservoirs. Stream depth (cm) was m
September only.
Month Site DO (%) SPC (uS/cm) pH T (°C) |Cover (%) [Depth
(cm)
August TB Ref 1
Upstream | 81.9+£10.1| 921+15 | 7.15+x0.03 |25.0+£0.6) 39+43 | ---
Downstream| 68.3+1.4 | 88.9+0.78| 7.07+0.03 (18609 94+6
TB Ref 2
Upstream | 585+7.9 | 74.33+59| 6.94+0.23|19.6+3.00 938 | --
Downstream| 64.6 +5.0 729+17 | 7.01+0.08|19.1+0.5 84+13 | ---
DRY Ref 1
Upstream 64.1+£7.2 84.7+£6.3 | 6.83£0.007 |17.2+1.1 19%15 | ---
Downstream| 75.7+7.6 | 122.9+24 7.4+0.19 [(14.3+0.6 363
TB Harv 1
Upstream | 62.5+0.2 | 76.9+09 | 6.78+0.06 [19.4+0.2 70+18 | --
Downstream| 69.3+13.1| 79.8+0.8 7.17 +0.03 [ 22.0+£0.20 64+£31 | ---
TB Harv 2
Upstream 549+25 | 100.4+1.8| 6.84 £0.007|16.7 £0.2] 76
Downstream| 22.8+84 | 127.0+5.2| 6.90+0.02 |184+1.0 81%
DRY Harv 1
Upstream 41.2+92 | 1441 +129 7.04+0.1 [145£02 77x12 | ---
Downstream| 15.4+9.6 | 196.1 £24.7] 6.75+£0.06 | 16.6 +0.4 917
September TB Ref 1
Upstream 80.9+7.0| 85.2+0.2 6.9+0.1 7.3+0.1| 15+£15 (1814
Downstream| 82.2 +2.0 76.6+0.2 6.9+0.06 |10.0+0.5 53+14 19+ 3
TB Ref 2
Upstream 85.8+1.1 62.1 +0.3 7.03+0.1 |14.0+0.1] 56+21 [45+¢
Downstream| 75.2+2.4 63.6 +5.0 6.86+0.1 | 16.7+0.3| 45+16 (18
DRY Ref 1
Upstream 73.4+£55 82.91£2.3 7.02+£01 |147+x1.2 11+12 |37t
11
Downstream| 89.2 +1.3 94.8+0.8 7.33+0.05 [129+0.1] 15+x7 |29%
12
TB Harv 1
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Upstream | 85.6+0.21| 75.3+0.0 | 7.08+0.12 [ 12.3+0.1] 37 +22 [30+F5
Downstream| 66.3+10.3| 71.6+0.2 | 6.66+0.19 | 10.6 + 0.1 20.5 + 1526 + 7
TB Harv 2
Upstream | 73.0+4.0 | 72.8#0.2 | 6.65+0.1 [8.7+0.05 34+13 [32+3
Downstream| 72.7+3.0 | 63.6+18.7 | 6.79+0.03 | 9.6+0.0| 4012 [23+§
DRY Harv 1
Upstream | 59.7+1.1 | 91.7+6.4 | 6.75+0.03 [10.2+0.8 48+12 (18 +
Downstream| 30.8 +9.4 | 130.1 +11.5 6.62+0.07 [ 13.2+0.6) 53+ 11 [15+4

ver si
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Par apgift Rati onal e behind Predator and Herbiwv

Coll-gatbers (Leptophlebiidae, Ephemer el
(Pl anorbidae, Stendryama)o,pNemwmd asauridd dudsser t ax a
Li mnephwéuse combimedbigwoueealAepra@adaci ous t e
f or medBowietrhi al, Aes hmCa,e uGmartdowlseygahset,erDi pl ect |
Hy dr o pasnRic h ¢ 0)s.t o n8 hif eerdadteaawaHly(d at o)p hgyd mexr al | y
t he IUoNweasltues at mo sLti nsnietpelsixlavesxalelpa c tf @d a't
who di spl ayddNvnaucuhe sh.i gdbsersuch, it is possib

ot her than CPOM and may willy Wngaglogae(ldho)

Merritt et al. (2019) who report a wide va
such they were included with herbivores.
Leptophlebiidae, Ephemerellidaél]-eanhdr Ch
gatherers (Merritt et al. 2019) or detriti
strategies, and as such were added to the
Leptophlebiidae were | ow upstream of DRY H;

Ref 1 only) and Epéatenmelredd i diatee  TvBe rRee fa l29 0
were included in Stable I sotope and MeHg a
Harv 1 as a substi tSuteen otneexmtaheffoweserapeéer pt
Plnorbid snails are known to have a diet th
al gae and decaying ani mal mat e tiiNowlad uewst we
were similar to herbivorousmhephabdbWwereed

| ower than Ade ®jStheorogaaaba t(ed aiNwiadeuersange
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with values sometimes similar to predatory
St enowmeermsa pool ed with herbivore taxa for ar
their functional feedi-ggagt lgegroamps .asl tScirapeo ¢
el evidMweal ues oPtsemrowmabnddrue UdNviaheeli ghser ve

biofilm iThablhd sC22tudypnéumption of zoopl ank

Ptil owegrmoeni ool ed with predacious taxa a:¢
(Merritt and Cummi ns, 2019; Wiggins 1996) .
chironomid head capsules in their gut cont
| owitM observed at some sites may be attribt
Ptil osnemalsso facCll da#icYy otgteraspdecise,
Cheumateop @nphextwema pooled withiifNredaci ou:
val ues midraa¢ st o odonates from the same site
to eat other invertebratebfi desepetse (Weggi d:
Benke & Wall ace, 1997 ; AMegampg It eH§nBECI09pasy redt,e
were | ow downstream of TB Glaewmat @m&ly culhpest r
Harv 2 OnbVepé¢dBdRaf 2) were included in [ M
anal yses &tdotnlad 8o yaixtaa,y. Reerschinlaegaster) wer ¢
predators based on20he)rafr##BebhkWMesedbserte
this study. Corduelgaster were analyzed f ol

Harv 2, as Aeshnidae were not present at t
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FiguLBoxXp!l o'fNsvafues of invertebrate gener aj

used to determine Herbivore and Predatory
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Fish Species
A) 4 B, Dace
20001 y=102+1.02x ’ @ L Chub
Spearman's p = 0.98 ’ %
s $§=352, p<0.0001 / ® C.M. Minnow
B .’
; > % ® NR.Dace
S 1500 £7
£ ’
o st Reservoir
T 29
- 2 ® TBRef1
v A
1000 = /’ A TBRef2
‘“5'6:, A
9‘/ B DRY Ref1
4
500 :A:‘h, -+ TBHawv1
~
¢ » X TBHav2
? °
i % DRY Harv 1
500 1000 1500
MeHg (ng/g dw)
B) a C)
2000
20001 y=-893+1.23x 4 y=187+0.88x »
Spearman’'s p = 0.94 > L4 » ’
$=148, p<0.0001 ’ Pearson’s Correlation ’
’E ’ ’;‘ R=0.91 ’
° e S 1500] 186 d=16,p<0.001 4
(o] ’
3 1500 525 2 v
= ’ cE ’
o ’ o)) 3 “z
I < ’
L 67 a ':E {
1000 & 1000 .
'A'::f;(:.: A e %
4 V‘ > ’
ik g ‘ -’
500 "') 500 . /5 <
o %° .
&
400 800 1200 1600 500 1000 1500
MeHg (ng/g dw) MeHg (ng/g dw)

Figu2zed3@gnificant positive relationship be
dw) in 47 fish (Lake Chub, Bl acknose Dace,
Dace) coll ected upstream and downstream o
DRY RefHalr,v TIB, TB Harv 2, DRY HBIJISY gh)iifn cahka
positive relationship between THg and MeHg
downstream of 4 beaver reservoirs (TB Ref

ThunBley, CBN.gni fi cant positive relationship
Bl acknose dace collected upstream and down
TB_Harv_1, TB_Harv_2) in Thunder Bay, ON.
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Tabl eT hGaz:gprer cent age met hyl mercury ( MeHg) of

concentrations ( %MeHg of THg) and range i n
Dace (BND), Northern Redbelly Dace (NRD),
upstream and downgboreami ofhabeaseedr €$Br Ha
DRY Harv hlaramrmdstrean (TB Ref 1, TB Ref 2, DR
Nort hwestern Ontario.
ReservoReach Speci %MeHg of n
Harvested
87.9
TB HaerowlnlseamBND (74—99.5:4
89. 6
L C 8593.3 °
92. 3
TB Harv BND (82105 . 3
pstrean
LC 78.6 3
(72-88. 1
82.9
TB Harv BND (76-96. 1 °
ownstre
Lc 79.8 4
( 69.90 6
BND 106. 8 3
(89-188. ¢
TB HarvUpstrean
LC 75.9 4
(737.73 5°
DRY Har Downstr e MM 78. 4 1
DRY Har Upstrean NRD 75. 1, {2
Reference
BND (73-573684'3
TB Ref Downstre ; '
Lc 82. 2 3
(77.85 5°
BND 69.7, ¢
TB Ref Upstrean 89. 6
L C (7953 1 °
88. 9
TB Ref DownstrelLC 71.7, 13
79. 8
TB Ref UpstreanlLC (70-86.7:3
DRY Ref DownstreNRD 82.7 1
DRY Ref Upstrean NRD 79. 8 1
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Tabl eSuGB8mary of Analysis of Covaatratasmlcget { ANC
(TbY Northern Redbelly Dace ( NRDORe amadh) ect e
TB Ref 2 to al ow for size adjustment
Respo Paramet SS df F p
Logl10Log 10 0.00¢ft12 0.00. 8
[ Hg ] Reach 0.14 1 13.0.0
ResiduaO. 17 16

Laj oi e

Mc Master

Uni ver sit
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Tabl eCad4c:ul ated | east square means (LSM) for Northern Redb
si ze adjsulsettead d TcHgmmon t octna |l Phdosctn gctom t (r Tals)t soft es.t® 1 evleal ed
downstream of reservoir.

LSM of NRD sizemadjusted a|C0mparison of LSM of &MRD

Reach LSM SE df Lowe UppeJContras EstimSE t (dp
CL CL

Downstre2.8 0.0 16 2.72 2.91lDownst-r 0.247 0.0 3.7 0.02
Upstrear2.5 0.0 16 2. 48 2. 65]Upstrea

11
<
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Tabl eToChaissess differences in TMBaaveessdhhamndstagebanogsta
downstream (Model 2) of reservoirs, linear mi ¥&daefdf ect s
| apHg] to determine whether TMS differed acOosputreft mbMs
for TMS aildc lspdBbgSgisahdard Error (SE) are derived from Rest:H
(REML) model summary o(udfpattiuepdPDadnesp wefr ef coenpamed using S
Pval ues for significant parameters are bolded. Output of
of observations (# obvsd, imamledl acs gooups at#ogrcopeps)f | came

|Mai n effects

Random Effects

[Model 1: Comparisons -daroestkedr wastedhand mawnme upstream of r
| aglg Mo d el Par| Bet| SE df t- | pval|Rand{Vari { STD # B # | CC
(ng/ g (b) val effe Gr ou
Interce 0.8 0.1 5.46.!<0.00 Sit« 0.0-0.1 244 6 0. 22
it N 0.3 0.0236.27.<0.0jJResic 0.1 0.3
No#marves 0.4 0.1 5. 8-2. 0. 04
iN*ndmarve -0.00.0-1.9-1. 0. 04
Mo del 2: Comparisons -haroestlkear wastedhaoudd mame downstream of
| agig Interce 0.6 0.1 7.45. <0.dq Sit« 0.0 0.1 242 6 0. 15
(ng/g " ,
at N 0.30.0 237 24.<0.0JResic 0.7 0.3
No-harves -0.1 0.1 7. 2-0. 0.5
N*nbarve -0.00.0236 -1. 0.1
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Tabl eAn&@6l:ysi s of Deviance (Type 111) with S
model s ( Model 1 and Model 2) thoarpvreesdiiecdt TM
| andscapes upstream (Model 1) and downstre
f or saingnipfaircamet ers are bol ded.
RespofModel PalSum ]| dffDenomi|] Fval p-val u
Squa df
Mo d el 1: Comparisons haroestleadr wasteedh

of reservoirs (Harvesting e

Logl0 D15N 194. 1 237.¢1502. <0.00Q

(ng/g
Treatme 0.8 1 5.89 6.60 0.04

D15N*Tre 0.5 1 237.¢ 3.98 0.04

Model 2: Comparisons -haroestledr was eed hl
of reservoirs (Harvesting and

Loglo0 D15N 189. 1 236. 1272 <0.00Q

ng/l

( 9’9 Treatme 0. 0¢ 1 7. 23 0. 42 0.53
D1I5N*Tre 0.2 1 236. 1. 889 0.16

Tabl eSuhtmary of sl opvwosdedaModélt ed fr om

Mo d e | Har ves Noshar ves
Sl ope Sl ope

Mo d e | 0. 31 0. 28

Mo d el 0.30 0.28
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Treatment

Harvested
Reference

logso [Hg]

5N )

Fi gu3€o@pari sons acrobkarbvwasvedtwdt ansheds 1
of reservoirs (HRegresdssingn emdceelt sofonlliynear
( Model 1) displaying marginal effects of s
(p=0.046). TMS of harvested |l andscapes (0.
nomarvested | andscapes (0.28).
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Tabl eSu8mary of water chemistry parameters
Rank Exact Tests of Dissolve®d Of ¢apite C&NOb:
and Chloride (C), and total water MeHg concentrations [Meklgl me asur ed upstr e
and downstreamaofv amé@dema vowatsed sheds ( medi al
bol dedangaes are in parrartuleess easea | bBalghdmvdf.ti hpa*
Il ndicate that tied ranks were removed from
are excluded.

Vari al Reachnn Medi an V | p
Range
TB Ref 1
Di ssollDownst| 5 12. 07| 5 0.0
Or gan (9.-0208
Car bo| Upstr| 5 11. 36
(DOC) (7.-0252
(mg/ L
Sul f ajlDownst| 5 15.65]15/0.0
[ S48 (7.-p809
Wat er (mg/ L Upstr| 5 18.61
Chemi g (15 4668 &
Ni traDownst| 5 3.379| 11| 0. 4
[ NO (0.-2255
(mg/ Ll Upstr| 5 6. 98
(0.-2257
Chl oriDownst| 5 64. 43 8 1
[ dI( mg (33:845 3
Upstr| 5 61. 41
( 36 605690
Wat er| [ Me togla|DOownst| 5 0.291| 3 0.3
[ Me tbg]a (ng/ L (0.-0982
(ng/ L Upstr| 5 0.117
(0.-0818
TB Ref 2
Di ssollDownst| 4 15. 83 0 0.1
Or gan (14-1%72
Car bo| Upstr| 4 11.19
(DOC) (9.-1566
(mg/ L
Sul f ajlDownst| 5 4.843| 10|/0. 1
[ S48 (0.-2582
Wat er (mg/ Ll Upstr| 5 7.158
Chemi g (0.-2505
Downst| 5 3.836/ 12 0.3

=Yz
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Nitr a (3.-0374
[ ND Upstr| 5 6. 846
(mg/ L (0.-8725
Chl oriDownst| 5 2.811| 4 0. 4
[ dI( mg (1.-7T841
Upstr| 5 2.679
(0.-3724
Wat erl [ Me tbglajDownst| 5 0.259| 5 0.6
[ Me thg]a (ng/ L (0.-09862
(ngl/ L Upstr| 5 0.102
(0.-0697
DRY Re 1
Di ssollDownst| 8 22.39| 33 .0
Organ (173214
Car bo| Upstr| 8 23.94
(DOC) (203131
(mg/ L
Sul f ajlDownst| 5 15.29] 0 . 0
[ S48 (10 :-2450.%
Wat er (mg/ Ll Upstr| 5 7.471
Chemi g (3.-4376
Ni traDownst| 5 1.392 3 . 31
[ NO (1.-2898
(mg/ L Upstr| 5 1.326
(0.-3068
Chl oriDownst| 5 1.686| 6 . 8]
[ dI( mg (1.-8729
Upstr| 5 1. 392
(1.-2750
Wat er [ Me togla|DOownst| 7 0.152| 27 . 01
[ Me thg]a (ng/ L (0.-0926
(ngl/ L Upstr| 7 0.152
(0.-037%6
TB Harv 1
Di ssollDownst| 5 15. 24 8 1
Organ ( 8 -:1762 9
Car bo| Upstr| 5 14. 44
(DOC) (111805
(mg/ L
Sul f ajlDownst| 5 6. 771 8 1
[ S48 (5.-2402
Wat er (mg/ Ll Upstr| 5 6. 855
Chemi g (0.-B415

=YT
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Ni traDownst| 5 3.242| 10 .1
[ NO (0.-22814
(mg/ L Upstr| 5 0.225
(0.-2291
Chl oriDownst| 5 4. 354, 10| 0. 6
[ dI( mg (2.-88436
Upstr | 5 6.510
(2.-8352
Wat er| [ Me togla|Downst| 5 0.374| O .2
[ Me tbg]a (ng/ L (0.-0485
(ng/ L Upstr| 5 0.187
(0.-0327
TB Harv 2
Di ssollDownst| 5 13. 33| 7
Or gan (9.-989855
Carbo| Upstr| 5 12.83
(DOC) (1018210
(mg/ L
Sul f ajlDownst| 5 6.394| 9 . 81
[ S48 (5.-288009
Wat er (mg/ Ll Upstr| 5 6. 602
Chemi g (6.-1839
Ni traDownst| 5 13. 26 0 . 0 ¢
[ NO (3.-7Tg99
(mg/ Ll Upstr| 5 2. 784
(0.-2263
Chl oriDownst| 5 6. 010 11 . 4.
[ 4I( mg (2.-70860
Upstr| 5 7.077
(6.-3825
Wat erl [ MetbglajDownst| 5 0.348| 12 . 3]
[ Me tbg]a (ng/L (0.-2087
(ng/ L Upstr| 5 0.387
(0.-0887
DRY Harv 1
Di ssollDownst| 9 30. 39| 45 . 0
Or gan (16-483238
Carbo| Upstr| 9 36. 92
(DOC) (225840
(mg/ L
Sul f ajlDownst| 5 3.118] 12 . 31
[ S0 (4.-280909
(mg/ Ll Upstr| 5 5.712

=YY
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Wat er (2.-8336

Chemi s Ni tra/Downst| 5 3.242| 0 .1
[ N (0.-22814
(mg/ Ll Upstr| 5 0.225
(0.-2291

Chl oriiDownst| 5 16. 54 9 . 8]
[ GI( mg (2.-9272
Upstr| 5 17. 46
(3.-3910

Wat er [ Me thgaiDownst| 8 0.581| 21 .7
[ Me tbg]a (ng/ L (0.-2580
(ng/ L Upstre 8 0.771
(0.B886
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organic sedi ment deposition

( medi an 1is

ranges are i n pVvhrietnntehye e ) mentdvia stt)s W(ri ft par at
were used to compare parametests wapstuead, al
rati o and the degr etehse soefs fareee)d oanr e(-dpfr)o v(iidne o
Whitney test was used, thevdl seatasei bol de
Vari aljh React Medi an an| Tes Test P
St at
TB Ref 1
OrganiiDownst 49.03 ttes| 2.5(]0.0
Sedi me (4368408
Deposi Upstr 37.11
( %) (3548745
Fine |Downst 2.0 % 1{ Mann 27 0.2
Me s h (0. 0% ®.DO%| U-
Breakd( Upstr 1.5 1(Whit
(ke deg (0130. 0
day)s
TB Ref 2
OrganilDownst 40. 84 n/ a n/ al n/ aq
Sedi me (39456962
Deposi| Upstr 52 .-5024. 80
(%)
Fi Mesh Downs't 2.5 "% 1 n/ a n/ a| n/ a
Breakd (1. 0% Xx. 3 Ok
(ke deg Upstr 3.0 “x3.10@ “x
days
DRY Ref 1
OrganilDownst 10. 36 t-t es|-7. 2 0. 0¢(
Sedi me (9136 52)
Deposi| Upstr 20.93
( %) (16-26865
Fine MDownst 2.0% 10| ttes/0.53( 0.6
Breakd (1. 0*%4«. Q Ox
(ke deg Upstr 1.5 *x 11
day)s (1. 0%X. A O6x
TB Harv 1
OrganiiDownst 28.02 tt es|-6. 3 0. 0
Sedi me (27282789
Deposi Upstr 36. 33
( %) (3238332
Fine MDownst 1.0* 1 Mann 7.5 0.1
Breakd (1. 0*%X. Q Ox U-
Upstr 2.5 %% 1(Whi t
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(ke deg (1. 0% % . D0O%
da%is
OrganiiDownst| 6 32.56 tt es|-1. 3 0.2
Sedi me (2932786
Deposi| Upstr| 6 35. 45
( %) (2878373
Fine MDownst| 6 1.0 * 1 Manrn 20 1
Breakd (1. 0*%X. A Ox U-

(ke deg Upstr| 6 1.0 “*x 1{Whit
days (0. 0*i2. DO%%

. DRY Harv 1 ]
OrganiiDownst| 6 18.58 Ma n 16 0.9
Sedi me (5:2280 54) U-

Deposi| Upstr| 5 15.57 Whi t
(%) (142@611
Fine MDownst| 6 1.0X 10| ttes|-0.9(| 0. 4
Breakd (03. 0 “x 1
(ke deg Upstr| 6 1.2 *x 1|
day)s (7. 0% 2. T0%%

ver si
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Table C10: Deployment and removal dates and number of days deployed for sediment
collectors and fine mesh leaf packs.

Reach Deployment Date Removal Date Days
Deployed
TB Ref 1
Upstream August 20, 2021 | September 23, 202 33
Downstream August 20, 2021| September 22, 202 32
TB Ref 2

Upstream August 18, 2021 | September 21, 202] 33

Downstream August 18, 2021 | September 20, 202] 32
DRY Ref 1

Upstream August 26, 2021 | October 6, 2021 40

Downstream August 26, 2021 | October 7, 2021 41
TB Harv 1

Upstream August 22, 2021 | September 24, 2021 32

Downstream August 16, 2021 | September 25, 2021 39
TB Harv 2

Upstream August 16, 2021 | September 27, 2021 41

Downstream August 22, 2021 | September 26, 202] 34
DRY Harvl

Upstream August 23, 2021 | September 29, 2021 36

Downstream August 25, 2021 | September 30, 202] 35

11
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Tabl eSChmary of analyses comparing [ MeHg] ¢
Organic Matter (CPOM), Fine Particul ate Or
predatory and herbivorous macroinvertebrat
Bl acknosaer tDmecren Redbel |l y Dace, Brook Stickl
upstream andhaowaside-& a mv eMaiteedd sheds (medi an
bol ded, and ranges awWhda tinre yp & m & minhderes setg g .o(riMa
parametric) were used to compar et oatr awnaed er
used;r atthheo tand the df (daedparéeWhhbdaey Bral)
was used, the U statiwaliwess salmpertebbate|ddeedd . Si
consumers included in analyses are as follows: HYDA=Hydatophylax,

NEM=Nemotaulius, LIM=Limnephillidae, LEPT= Leptophlebiidae, EPH=

Ephemerliidae, CHI=Chironomidae, STE= Stenonema, PLAN=Planorbidae, HYD=
Hydropsyche, CHE= Cheumatopsyche, DIP=Diplectrona, PTI = Ptilostomis, BOY=

Boyeria, CORD= Cordulegaster.

Compari ¢ Reag n Medi an Test Test P Macr ¢
Range St at Consu
S
TB Ref 1
Lake Ch| Dowr 10 195. 6/ Mann 4 0.00 n/ a
[ THg] (n (15355., Whitn
Up 10 387. 8 n/ a
(31-326.
Bl acknos| Down| 7 374. 5| Mann 36 0. 9¢€ n/ a
[ THg] (n (27-094., Whitn
Up 10 387.6 n/ a
(335089.
Macroinvel Dowrn 8 152.1 t-t e st 1.1 0.31 BOY (
Predato (963.308 . (11. HYD (
[ MeHg]l (1 PTI L
Up 7 132. 4 BOY (
( 802.035. HYD (
PTI L
Macroi nve Dow 3 42 . 2 Mann |-2. 6 0.1| STEN
Her bi vo (4134.44 5 Whi tn
[ MeHg]l (1 Up 3 53. 4 STEN
(51%7.09 5
CPOM [ Me| Dowrn 3 0.19 tt est -1. 1( 0. 37 n/ a
(ng/ g d (000323
Ups| 3 0.18 n/ a
(00022
FPOM [ Me| Dowr 3 8.3 tt est 0.(72. 0. 57 n/ a
(ng/ g d (6-963)
Up 3 7.6 n/ a
(6-892)
Biofilm Dowrn 3 8. 3 ttestg 0.3 ( 0. 7E¢ n/ a
(ng/ g d (51p. 2

=®0
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Up 3 7.9 n/ a
(7-815)
TB Ref 2
Nort hern Dowrn 9 644. 5 ANCOV| 13.5 0. 02 n/ a
Dace adiTuld¢ (45982%2.
(ng/ g d
Up 10 350. 2
(285%75.
Brook Sti| Dowrn 10 892. 4/ Mann 100| <0. 0 n/ a
[ THg] (73-2280] Whitn
Up 10 318. 9
(21-0048.
Macroinve Dowr 6 350. 6 tt es13.3(<0.0(BOY (
Predato (3289 3. HYD (
[ Me Hg] (r Up 6 159. 3 BOY (
(12-281. DI P
Macroi nve Dowrn 4 206. 4] Mann 24 0. 00 STEN
Her bi vo (96.103.| Whi tn LEPT
[ MeHg] (n Up 6 47.0 EPH (
(347.84 0 STEN
CPOM [ Me| Dowrn 3 0.65 ttest 1. 1( 0. 34 n/ a
( n gd/wg) (0031814
Up 3 0.27
(0-025 3
FPOM [ Me| Dowr 3 14. 2 ttest 2.3 ( 0. 14 n/ a
(ng/ g d (9-18. 5
Up 3 7.7
(7-708)
Bi of il m Dowr 3 15. 4 ttestg 1.9 ( 0. 2(¢( n/ a
(ng/ g d (6-29. 5
Up 3 6.9
(5-773)
DRY Ref 1
Finescal| Down 10 403. 8 tt est-1.5 0. 17 n/ a
[ THg] (n (29-897.
Up 7 584. 8 n/ a
(16-858.
Nort hern Down 13 366. 6] Mann 70 0. 945 n/ a
Dace [ TH¢ (19-835., Whitn
dw) Up 11 405. 2 n/ a
(20-858.
Macroi nve Dowrn 9 86. 6 tt est-1.5 0. 09 AESH
Predato (58.13 HYD (
[ MeHg] (1 PTI L
Up 9 101. 2 AESH
(75149 HYD (
PTI L
Macroi nve Dowrn 9 21. 9 Mann 21 0.09LEPT
Her bi vo (328. 2] Whitn STEN
[ MeHgng/ g NE MO

ENORN
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Up 9 29. 5 LEPT
(5:6151 7 STEN
NE MO
CPOM [ Me| Dowrn 3 0.48 ttest 0.998 0. 4¢( n/ a
(ng/ g d (0-11917 (2. ¢
Up 3 0.17
(0:0L57
FPOMMeHgl Dowrn 3 1.7 tt est-0. 7 0. 53 n/ a
(ng/ g d (0-288)
Up 3 1.7
(1-532)
Biofilm Dowrn 3 1.9 ttest-1. 2 0. 33 n/ a
(ng/ g d (1-347)
Up 3 3.1
(2-754)
TB Harv 1
Bl acknos| Dowrn 10 1437. t-t est 2.6 0. 07 n/ a
[ THg] (n (72-2989 (13.
Up 10 1034. |
(538221
Macr oi nve Dowr 6 524. 3] Mann 35 0.00 BOY (
Predato (36-838.] Whitn HYD (
[ MeHg] (1 Up 6 225.1 BOY (
(10978. HYD (
Macr oi nve Dowr 9 123. 4| Mann 6 3 0. 08 STEN
Her bi vo (1e1.806.] Whitn HYDA
[ MeHg] (r LEPT
Up 9 68.9 STEN
(489.1 HYDA |
LEPT
CPOM [ Me| Dowr 3 0.7 ttest 2.4 ( 0.11 n/ a
(ng/ g d (0-151)
Up 3 0.3
(0-024)
FPOM [ Me| Dowr 3 18.6 ttest 2.2 ( 0. 17 n/ a
(ng/ g d (9-2a@. 0
Up 3 8.5
(7-968)
Bi of il m Dowrn 3 17. 2 ttest 1.99 0. 1¢ n/ a
(ng/ g d (12279 5 (2.¢
Up 3 9.6
(7-19. 9
TB Harv 2
Lake Ch| Dowrn 6 826. 2 ttest 2.0 ( 0. 07 n/ a
[ THg] (n (62-3328
Up 5 551. 6 n/ a
(5186 2.
Bl acknos| Dowrn 10 1388. t-t e st 0.1 0. 9¢( n/ a
[ THg] (n (710707 (15
Up 10 1330. n/ a
(46-2116

—OoP
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Macr oi nve Dowrn 7 227. 2| Mann 16 0.53 BOY (
Predato (14532.| Whitn HYD (
[ MeHg] (r CHEU
Up 6 359.1 CORD
(33800. HYD (
Macroi nve Dowr 6 73. 3 t-t est-0. 47 0.64STEN
Her bivo ( 8 -12391 . LEPT
[ MeHg] (r HYDA
Up 8 86. 5 STEN
(7 -1315 . LEPT
HYDA
CPOM [ Me| Dowr 3 0.6 ttestg 1.9 ( 0. 1F¢ n/ a
(ng/ g d (0-039)
Up 3 0.3
(0-023)
FPOM [ Me| Dowr 3 6. 04 ttest-0. 7 0. 57 n/ a
(ng/ g d (4-18. 1
Up 3 12.0
(4-15. 3
Bi of il m Dowrn 3 6.9 ttest -0. 4 0. 71 n/ a
(ng/ g d (516. 3 (3.9
Up 3 10. 5
(6-1%. 3
DRY Harv 1
Northern Dowrn 7 269. 7| Mann 0 0.00 n/ a
Dace and (203192., Whitn
Mudmi nng Up 10 987.9 n/ a
[ THg] (n (382474
Macroi nve Dowr 6 120. 3| Mann 0 0. 00| AESH
Predato (64.940.| Whi tn PTI L
[ MeHg] (r Up 8 573.7 AESH
(40-0007 PTI L
Macroi nve Dowr 5 40. 56 tt est-2. 3 0. 04 PLAN
Her bi vo ( 3.29 5 LEPT
[ MeHg] (r LI M (
Up 7 115. 3 PLAN
( 3 81.697 LI M (
CHI RO
CPOM [ Me| Dowrn 3 0. 45 ttest-2.7 0. 0¢ n/ a
(ng/ g d (00395
Up 3 1.1
(1-103)
FPOM [ Me| Dowr 3 2.15 tt est -2. 7 ( 0. 1¢ n/ a
(ng/ g d (1-322)
Up 3 6. 43
(6-13. 2
Bi of il m Dowrn 3 3.2 ttest-2.5 0. 13 n/ a
(ng/ g d (3319)
Up 3 22.2
(154.99 8

*Northern

ReTdBb eRelfy 2D awceer ea TaibZA& sadd )l ust ed
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Table C12 Taxa included in withifreservoir comparisons of Trophic Biomagnification
Slopes (TMS) and Intercepts. Note: CPOM= Coarse Particulate Organic Matter, FPOM=

Fine Particulate Organic Matter, HY DAtydatophylax NEM=Nemotaulius,
LIM =Limnephillidae, LEPT= Leptophlebiidae, EPH= Ephemerellidae,
CHI=Chironomidae, STEStenonemaPLAN=Planorbidae, HYD+HydropsycheCHE=
Cheumatopsych®IP=Diplectrona PTI =Ptilostomis BOY=Boyeriag CORD=
Cordulegaster SOM=SomatochloraLEU= Leucorrhinia NRD= Northern Redbelly

Dace, LC= Lake Chub, BND= Blacknose Dace, BS=Brook Stickleback, FSD= Finescale

Dace, BNS= Blacknose Shiner, MM=Central Mudminnow.

Site Reach Taxa included in regressions (n)
TB Ref 1 Upstream CPOM (3), FPOM (3), STE (3), HYD (3), PTIL (1), BOY (3), LC (1
BND (10)
Downstream |CPOM (3), FPOM (3), HYDA (2), LEPT (1), HYD (3), PTI (2), LC
(10), BND (7)
TB Ref 2 Upstream CPOM (3), FPOM3), HYDA (1), EPH (3), DIP (3), PTI (2), NRD
(10), BS (10)
Downstream  [CPOM (3), FPOM (3), LEPT (1), HYD (3), NRD (9), BS (10)
DRY Ref 1  |Upstream CPOM (3), FPOM (3), NEM (3), LEPT (3), STEN (3), HYD (3), P1
(3), AES (3), SOM (1), NRD (11) FS@)
Downstream  |[CPOM (3), FPOM (3), NEM (3), LEPT (3), STEN (3), HYD (3), Ct
(3), PTI (3), NRD (13), FSD (10)
TB Harv1l  |Upstream CPOM (3), FPOM (3), HYDA (3), LEPT (3), STE (3), HYD (3), BC
(3), BND (10)
Downstream  [CPOM (3), FPOM (3), HYDAQ), LEPT (3), STE (3), HYD (3), BO}
(3), BND (10)
TB Harv 2 Upstream CPOM (3), FPOM (3), HYDA (3), LEPT (3), STE (3), HYD (3), PT
(1), BOY (3), LC (5), BND (9)
Downstream  [CPOM (3), FPOM (3), HYDA (3), LEPT (3), STE (3), HYD (1), CH
(3), PTI(1), CORD, (3), LC (6), BND (10)
DRY Harv 1 |Upstream CPOM (3), FPOM (3), LIM (3), CHI (2), PLAN (2), PTI (3), AES (&
NRD (10)
Downstream |CPOM (3), FPOM (3), LIM (1), LEPT (2), PLAN (3), PTI (3), AES
(3), MM (7)

ENONE
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Tabl eABRCOVA analysis to test for difference
or THg (fish only)) wupstream and downstrea
1, TB Harv 2, Ehrayr vheasrtve d1 )( TaBn dRenfonl, TB Ref
| andscapess.arkR valcd uded?¥Nor pnoasiin ieofnf ecnt rteelr
and an intieNa®osohi bar mn( Rel agviadnu etso ad aem) .
bol ded.

Main effects

Beaver|!N Positig!N*Posi
Rel aticn Rel a
reservec eservo

TB Ref<0.00. 28 0. 23

TB Ref<0.00.0010.514

DRY Re<0.00.51 0.55

TB Har<0.00.009 0.08

TB Har<0.00. 16 0. 77

DRY Ha<0.0k0.00010. 114

ENOR
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Tabl eSCimmary of analyses compai€i)ng a9t aoldl e |
predatory and herbivorous macroinvertebrat
Bl acknose Dace, Northern Redbelly Dace, Br
sampl ed upstr eanmaanvdasaddewinasrtvreesaiteedo $ heds ( me
I's bol ded, and rangesVhdrten eiy-p dp & menmtrehset3se o .
(i f parametric) were used to compheset p@aam
used;r atthheo tand the degrees of freedom (df)
MannWhJ t ney test was used, thevdl seataseic
b o | dneedtebrate consumers included in analyses are as follows:

HYDA=Hydatophylax, NEM=Nemotaulius, LIM=Limnephillidae, LEPT=

Leptophlebiidae, EPH= Ephemerellidae, CHI=Chironomidae, STE= Stenonema,
PLAN=Planorbidae, HYD= Hydropsyche, CHE= Cheumatopsyche, Diftectrona,

PTI = Ptilostomis, BOY= Boyeria, CORD= Cordulegaster

Compari|Readn| '€ Medi| Test Test P Macr o
and Ra St.at Consum
TB Ref 1
Lake Ch Downlo 27 . 3 ttes| 4.3 (] 0.00 n/ a
18C(a) (-28:(86 . 1
Up |10 -28. 9
(-30:(R7.
B | ancoks e Down 7 2 8. ttes|] 0.63 (| 0. 514 n/ a
18C(a) (-32-:(26.
Up |10 2%.
(-30:(@7.
Macroinv| Dowrn 9 -:30. 3 ttes| -0.21 ( 0.84 BOY (
te Pred (-32:(2 8. HYD (
18C(a) PTI L
Up 9 -30. 6 BOY 3)
(-31-(48. HYD (
PTI L
Macroinv| Down 6 -31.5 |Mann 14.5 0.9% STEN
te Herb (-33:(B0. {Whi't LEP (
18C(a) Up 5 -31.5 STEN
(-32:(BO. LEP (
TB Ref 2
Nort hen Down 9 -:30. 9 ttes|] 1.1 (] 0. 31 n/ a
Redbel Iy (-32:(428.
18C(a) Up |10 31. 4
(-32:(29.
Br ook Downlo0 -32. 3 tt es| 2. 3 ( 0. 03 n/ a
Stickle (-34-(-20. 4
18C (&) Up |10 -30. 5
(-33-(-58. 4
Macroinv| Dowrn 6 -33.1 ttes| 8.8 (| <0.0 BOY (
te Pred (-34-:(B2. HYD (

SR ONO)
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18C( &) Up 9 -30. 0 BOY (
(-33:(BO. HYD (
DI P (
Macroinv| Dowrn 6 -36. 1 t-t es| -10. 9 <0.0 LEPT
te Herb (-37:(84. STEN
18C( 3 Up 8 -30. 2 LEPT
(-32:(29. STEN
EPH (
DRY Ref 1
Finescal DownloO -29. 2 ttes| 0. 77 0. 446 n/ a
18C (&) (-30:(27.
Up 7 -29. 5
(-30:(28.
Nort hen Downl3 -29. 5 tt es| 0. 7 0. 5(¢( n/ a
Redbel ly (-30:(28.
18C( &) Up 11 -29. 2
(-32:(R7.
Macroi nv| Down 9 -29. 8 ttes| 2.1 0. 05 BOY (
te Pred (-31:(27. PTI L
18C( &) HYD (
Up 9 -30. 8 BOY (
(-33:(29. PTI L
HYD (
Macroinv| Dowrn 9 -29. 8 Mann 60. 0.0§ LEPT
te Herb (k31:(R8. {Whi't STEN
18C( &) NEMO
Up 9 -32. 6 LEPT
(-29:(8 2. STEN
NEMO
TB Harv 1
Bl acknosl Dowrn 10 -31. 8 t-t es| -0. 33 0. 74 n/ a
18C( &) (-39:(29.
Up 10 31. 2
(-35:(4
28.27)
Macroinv| Down 6 -37.9 |Mann 0 0. 00 BOY (
te Pred (-39:(8B6. | Whi't HYD (
18C (&) Up 6 -32. 3 BOY (
(-33:(81. HYD (
Macroinv| Dowrn 9 37.7 Ma nn 21 0.09 LEPT
te Herb (-38:(8. {Whi't STEN
18C (&) HYDA
Up 9 -30. 9 LEPT
(-31:-(48. STEN
HYDA
TB Harv 2
Lake Ch Dowrn 6 -29. 7 tt es| 0. 7 0. 51 n/ a
18C( &) (-32-(-28. 1
Up 5 -30. 6
(-31-.(-88. ¢
Bl acknos| Down10 -30. 0 tt es| -2. 6 0. 017 n/ a
(-35-(-28. 1

OMM
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18C(a) Up |10 -33. 8
(-35-(80.
Macroinv| Downl1o -34. 0 ttes| -1.0 ( 0. 33 CORD (
te Pred (-37-(-28. ¢ HYD (
18C(a) CHEU (
PTI L(
Up 9 -35. 5 CORD (
(-37-(-28. HYD (
PTI L
Macroinv| Dowrn 8 -33. 4 ttes| -0.33 ( 0.74 LEPT
te Herb (-37:(R28. STEN
18C(a) HYDA (
Up 9 -35. 5 LEPT
(-37-(28. STEN
HYDA (
DRY Harv 1
Nort hen Down 7 -36. 3 |Mann W= 0 <0. n/ a
Redbel Iy (-3#(-36) | Whit
and Cen Up |10 -33. 0
Mudmi nn (-36-(-32. 1
118C(a)
Macroi nv| Dowrn 6 37.7 ttes| 5.2 (| 0.00| AESH
te Pred (-38:(B6. PTI L
18C(a) Up 8 -35. 3 AESH
((37-(B4. PTI L
Macroi nv| Down 5 -:36. 8 |Mann 21 0.23 LEPT
te Herb (-38:(B1. | Whi't PLAN
1¥C(a) LI K1)
Up | 7 33. 1 LEPT
(-37:(B1. PLAN
LI M (
CHI RO

OMN

t
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Tabl eACébage (NSD) MeHg concentrations (ng.:
Coar ¢d cRidrat e Organic MattOegahCeOMpEt tEIrng FIP
and Biofilm collected upstream and downstr
Harv 1, TB Harv 2, DRY Harv 1) and non har)
watersheds in Thunder Bay and Dryden, ON.

Food Sources
CPOM FPOM Biofilm
(MeHg ng/g dw)] (MeHg ng/g dw) | (MeHg ng/g dw)
TB Ref 1
|[Upstream 0.3+0.17 7.62+0.68 7.84+0.73
(n=3) (n=3) (n=3)
Downstream 0.18t0.05 8.321.51 8.5+3.65
(n=3) (n=3) (n=3)
TB Ref 2
|Upstream 0.38:0.21 7.51+0.44 6.66:0.84
(n=3) (n=3) (n=3)
Downstream 0.6+0.27 14.315.12 14.6+7.33
(n=3) (n=3) (n=3)
DRY Ref 1
|[Upstream 0.3t0.24 2.72+2.13 4.32£2.65
(n=3) (n=3) (n=3)
Downstream 0.61+0.5 1.78:0.97 2.33:1.2
(n=3) (n=3) (n=3)
TB Harv 1
|Upstream 0.31+0.12 8.65t1.09 10.1242.53
(n=3) (n=3) (n=3)
Downstream 0.76t0.31 15.9%5.76 19.257.52
(n=3) (n=3) (n=3)
TB Harv 2
|Upstream 0.26+0.09 10.2%5.13 11.4A5.42
(n=3) (n=3) (n=3)
Downstream 0.6t0.3 7.66t3.91 9.6 5.73
(n=3) (n=3) (n=3)
DRY Harv 1
|Upstream 1.150.14 8.58t3.99 29.32£18.03
(n=3) (n=3) (n=3)
Downstream 0.5#0.34 2.1A#1.02 3.38t0.36
(n=3) (n=3) (n=3)

OM=
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Tabl e ACé 6(aly®D)
Nemotaulius),

ne M. E.

Chironomi dae),

(TB Harv 1,
Dr y d e nHYDAGHydatophylax, NEM=Nemotaulius, LIM=LimnephillidatEPT= Leptophlebiidae, EPH=

Laj oi e

Me Hg
mul tiple
and
TB Haryv

2,

concentrat.

Mc Master

ons

1)

Ephemerellidae, CHI=Chironomidae, STE= Stenonema, PLAN=Planorbidae,

University,

(ngl/ g

and

non

dw) of
functi omalt hfeeedisnd Lerpd wps | (elbii mrdeapeh
sleirages)r so I(1Sd etneoch eunas t rPd am oa n d
DRY Haryv

Shredders Collector-Gatherer Scrapers
IReservoir HYDA NEMO LIM LEPT EPH CHIRO STEN PLAN
MeHg MeHg MeHg MeHg MeHg MeHg MeHg MeHg
(ng/gdw) (ng/gdw) ] (ng/gdw) ] (ng/gdw)  (ng/gdw)  (ng/g dw)] (ng/g dw) (ng/g dw)
lUp 58.6(:10.32
(n=3)
IDown 0.34, 0.82 48.08 42.78t1.56
(n=2) (n=1) (n=3)
Up 2.83 35.96:1.63 66 .NAD .
(n=1) (n=3) (n=3)
Down 95.96 208N®.8
(n=1) (n=3)
|
Up 62;23%6 27'(4%3;92 56.36:9.63
(n=3)
IDown 3.91+0.03 21.42+0.99 26.211.78
(n=3) (n=3 (n=3)
TB Harv 1
Up 5.5#1.46 76.59:10.98 72.54:6.23
(n=3) (n=3 (n=3)
Down 17.486.5 116N26® 180.0%6.37
(n=3) (n=3 (n=3)

Depart ment

her bi

downstr ec
harvested

OoOMO

vOor ou



Ph.ilCeline M. E. Lajoie Mc Master University, Department o

TB Harv 2
Up 10.1+2.43 92.28:10.01 125. 77
(n=3) (n=3 (n=2)
Down 8.29, 11.61 131.23 76.3t7.59
(n=2) (n=1 (n=3
DRY Harv 1
114.1615.7 132.85, 167.95
(n=2)
(n=3)
39.8 46.62£19.52
(n=1) (n=3)

oMnN
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Tabl e ACé 7(aNy®D)

Cheumatopsyche,

Laj oi

Me Hg

e

conce

Mc Master

ntrat.

Di pl ectrona),

ons

Uni versity,

predatory

odonat a

(Ptilostomis) collected upstream and
non harvested (TB Ref 1, TB Ref 2, DRY Ref
Collector-Filterers Predatory Odonata Facultative
Predator/
Shredder
Reservoir HYD CHEU DIP BOY AESH CORD PTIL
MeHg MeHg MeHg (MeHg MeHg MeHg MeHg
(ng/g dw) (ng/g dw)  (ng/g dw) ng/g dw) (ng/g dw)  (ng/g dw) (ng/g dw)
JUpstream 121.1815.23 186.8323.67 80.3
(n=3) (n=3) (n=1)
Downstream 131.39+ 37.61 268.0%x73.61 113.70, 131.31
(n=3) (n=3) (n=2)
JUpstream 137.0313.54175.31%5.56 100.0, 102.85
(n=3) (n=3) (n=2)
Downstream 329.3%11.3 373.44+ 17.99
(n=3) (n=3)
lUpstream 102.#2.8 115.3&23.44 102.5232.60
(n=3) (n=3) (n=3
Downstream 79.0A#6.71 107.8&11.28 78.9:30.67
(n=3) (n=3) (n=3
TB Harv 1
JUpstream 117.@8.07 353.3126.35
(n=3) (n=3)
Downstream 394.82+33.6 681.9% 60.48
(n=23) (n=3)
TB Harv 2

Depart ment

( co/lg-fedcitoead fer 3r € Hy dir ops ytcd
( Aeshna,
downst, e@aRY oHarbw alv)era imae
1) watersheds ’

OMP



Ph.ilCeline M. E. Lajoie Mc Master University, Department
Upstream 364.7416.88 394.9192.6
(n=3) (n=3)
Downstream 227.26 173.1332.82 500.3%34.93
(n=1) (n=3) (n=3)
DRY Harv 1
|Upstream 745.28234.1 453N3A6GB.
(n=5) (n=3)
Downstream 218.4+ 59.21 72.35:7.16
| (n=3) (n=3)

OMZ

of
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Tabl e ACéBag*D) THg concentrations (ng/ g dw)
Brook Stickleback (BS), Northern Redbelly
upstream and downstsr @ aam hafr vieesd vear (rTeBs edraw o/i rl ,
TB Ref 2, DRY Ref 1) watersheds in Thunder
Blacknose Daceg Lake Chub Brook Northern Central |Finescale Dacqd
(BND) (LC) Stickleback Redbelly Mudminnow (FSD)
THg (ng/g dw) | THg (ng/g dw) (BS) Dace(NRD) THg (ng/g dw)
THg (ng/g dw) | THg (ng/g dw) (MM)
THg (ng/g
dw)
TB Ref 1
JUpstream 399.9964.19 | 436.25-133.82] 320.863.54 | 533.8%163.75
(n=10) (n=10) (n=9) (n=3)
Downstrean] 449.6%190.89 | 224.8873.23 | 358.07, 478.3 837.69
(n=7) (n=10) (n=2) (n=1)
TB Ref 2
JUpstream 707.56:165.89] 307.93:59.99 379.(:93.56
(n=3) (n=10) (n=10)
Downstream 1011.98452.04 971.71#222.36] 656.6%171.13
(n=11) (n=10) (n=9)
DRY Ref 1
J[Upstream 98.15:24.55 369.094.74.64 609.43254.24
(n=3) (n=11) (n=10)
Downstrearn 224.0%93.05 | 405.03151.36 445.53 169.84
(n=10) (n=13) (n=7)
TB Harv 1
JUpstream 1024.6&205.32] 719.0%92.43
(n=10) (n=10)
Downstrean] 1382.03387.24]1068.03224.64 1405.19348.41

s h
( NRD) ,
TB Haryv
Dryden,

Depart ment

OMT

species
Centr al
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(n=10) (n=3) (n=6)
TB Harv 2

Upstream 1342.7%479.48] 620.18145.3
(n=10)
Downstrean] 1364.18328.88
(n=10)

DRY Harv 1

880.66+ 364.55
(n=10)

268.9%:36.63
(n=7)

Depart ment

oMY

of
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Table ClL9CNQW®r@xmy)e of food sources includin
Organi ¢c MatFtiemre (P@GRQM)c,ul ate Organic Matter
upstream and downstream of beaver reservoi
Harv 1) and non harvested (TB Ref 1, TB Re
and Dryden, ON.

Food Sources
CPOM FPOM Biofilm
HeE (a) te (a) te (a)
TB Ref 1
|[Upstream -28.9+0.7 -28.740.2 -29.20.6
(n=3) (n=3) (n=3)
Downstream -29.641.2 -29.740.2 -31.20.5
(n=3) (n=3) (n=3)
TB Ref 2
|Upstream -29.1+0.3 -28.8:0.3 -28.9+0.5
(n=3) (n=3) (n=3)
Downstream -30.9+0.6 -30.140.6 -30.#1.3
(n=3) (n=3) (n=3)
DRY Ref 1
|[Upstream -28.50.7 -29.4:0.5 -30.1+0.7
(n=3) (n=3) (n=3)
Downstream -29.54.3 -28.440.7 -28.5:0.7
(n=3) (n=3) (n=3)
TB Harv 1
|Upstream -29.14+0.9 -29.0:0.1 -30.51.0
(n=3) (n=3) (n=3)
Downstream -29.840.3 -30.040.3 -33.1+2.4
(n=3) (n=3) (n=3)
TB Harv 2
|Upstream -29.140.2 -29.3:0.4 -32.4+1.3
(n=3) (n=3) (n=3)
Downstream -29.84.6 -28.641.0 -30.4+1.1
(n=3) (n=3) (n=3)
DRY Harv 1
|Upstream -29.141.3 -28.9+0.7 -32.5:0.7
(n=3) (n=3) (n=3)
Downstream -29.440.7 -29.140.3 -31.Gt1.5
(n=3) (n=3) (n=3)

OM®
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Table C20¢:N®® r a(gZ)
( Hy d at oNoehnyoltaaxu,l i us,

of herbivorous taxa inc
L i ngnaetphhei rl eurss) , ( LCeopl tl cepcht | oer
Ephemerellidae, Chironomidae), and scraper
upstream and downstream of beaver reservoi
Harv 1) and BoRefhalveEBeRef( T2, DRY Ref 1)
and Dr y ¢léDAFHydatdphylax, NEM=Nemotaulius, LIM=Limnephillidae,

LEPT= Leptophlebiidae, EPH= Ephemerellidae, CHI=Chironomidae, STE= Stenonema,
PLAN=Planorbidae

<
I
W

Shredders Collector-Gatherer Scrapers
IReservoir HYDA NEMO LIM LEPT EPH Chiro STEN PLAN
e e e it e e it e it e e
(aj (aj (aj (a) (a) (a) (aj (aj
JUpstream -31.0,-30.6 -31.8t0.3
(n=2) (n=3)
IDownstreany -29.2+0.5 -30.3:0.3 -32.6:0.5
(n=3) (n=3) (n=3)
Upstream [-28.9,-28.7 -29.2,-29.0 -30.0+0.4 -31.1+0.8
(n=2) (n=2) _ (n=3) (n=3)
Downstream -35.1+0.6 -36.8:0.2
(n=3) (n=3)
Upstream -29.0+0.2 -32.9+0.6 -34.#0.5
(n=3) (n=3) (n=3)
Downstream -29.20.4 -29.90.1 -30.740.4
(n=3) (n=3) (n=3)
TB Harv 1
Upstream -29.0t0.8 -31.0+0.3 -31.3t0.2
(n=3) (n=3) (n=3)
Downstrean] -29.0+0.2 -38.5:0.2 -37.%0.5
(n=3) (n=3) (n=3)
TB Harv 2
Upstream -29.5:0.4 -35.6+0.3 -36.4+1.0
(n=3) (n=3) (n=3)
Downstrean-29.7,-28.& -37.3:0.6 -33.8:0.3
(n=2) (n=3) (n=3)
DRY Harv 1
Upstream -31.20.2) -37.6t0.1 -32.#0.6 -34.9,-33.1
(n=3) (n=3) (n=3) (n=2)
Downstream -31.2 -36.8,-36.4 -37.4:0.8
(n=1) (n=2) (n=3)

ONM
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Table C21:N2®®r@y)e of predaci oud itda eirscl u
(Hydropsyche, Cheumatopsyche, Di pl ectrona)
Cordul egaster) andSlkraneddeé¢erat { Pei pboetdamios) aa
and downstream of beaver reservoirs in har
and non harvested (TB Ref 1, TB Ref 2, DRY
Dr y d e nHYDOHN/dropsyche, CHE= Cheumatopsyche, DIP=Diplectrona, PTI =
Ptilostomis, BOY= Boyeria, CORD= Cordulegaster

Collector-Filterers Predatory Odonata Facultative
Predator
/Shredder
IReservoir HYD CHEU DIP BOY AESH CORD PTIL
e it e it € i€ e e vl &
(a) (a) (a) (a) (a) a) 1 (a)
J[Upstream -30.80.4 -30.9t0.7 -29.3t1.2
(n=3) (n=3) (n=3)
|IDownstreany -30.3t0.6 -31.6:1.1 -29.40.7
(n=3) (n=3) (n=3)
Upstream -30.#0.8 -29.2¢t0.4 | -30.3t0.6 -32.9t1.6
(n=3) (n=3) (n=3) (n=3)
Downstrean] -33.7+0.5 -32.90.2
(n=3) (n=3)
Upstream -33.4t0.4 -30.%£0.7 -29.#0.6
(n=3) (n=3) (n=3)
Downstrean] -31.3:0.1 -29.8:0.1 -28.40.7
(n=3) (n=3) (n=3)
TB Harv 1
Upstream -32.5:0.5 -32.1+0.6
(n=3) (n=3)
Downstrean] -39.6:0.3 -36.4+0.2
(n=3) (n=3)
TB Harv 2
Upstream -36.1+0.4 -33.304] -3 3045
(n=3) (n=3) (n=3)
Downstrean] -34.2:0.4 -40.3t0.9 -33.9:0.3 -30.1
(n=3) (n=3) (n=3) (n=1
DRY Harv 1
Upstream -35.2t1.1 -35.2£0.5
(n=5) (n=3)
Downstream -38.1+0.7 -37.20.9
(n=3) (n=3)

ONN
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Table C22¢:N®®r ag®e) of fish species includi
Lake Chub (LC), Brook Stickleback (BS), No
Mudmi nnow ( MM) , aMFAS DRI mcend d eelcet eMacuegpst ream a
beaver reservoirs in harvested (TB Harv 1,
(TB Ref 1, TB Ref 2, DRY Ref 1) watersheds

BND LC BS NRD MM FSD
e it € i€ it € e e
(a) (a) (a) (a) (a) (a)
Upstream -29.3t1.0 -28.9+0.9 -28.1+1.2 -29.8t0.5
(n=10) (n=10) (n=9) (n=3)
Downstrean] -28.8t1.9 -27.40.6 -28.6,-30.8 -30.0
(n=7) (n=3) (n=2) (n=1)
Upstream -30.3t0.6 -30.8t1.7 -31.30.7
(n=3) (n=10) (n=10)
Downstrean -30.6:0.8 -32.2+1.1 -30.8t1.2
(n=11) (n=10) (n=9)
Upstream -28.6t1.4 -29.9+1.6 -29.1+0.9
(n=3) (n=11) (n=10)
Downstream -29.1#1.5 -29.50.8 -29.5:1.1
(n=10) (n=13) (n=7)
TB Harv 1
Upstream -31.6t1.9 -30.0t0.9
(n=10) (n=10)
Downstreany -31.91.4 -29.4:0.3 -34.9t1.6
(n=10) (n=3) (n=6)
TB Harv 2
Upstream -33.3t1.4 -30.51.3
(n=10) (n=5)
Downstrean] -31.Gt2.5 -30.0t1.5
(n=10) (n=6)
DRY Harv 1
Upstream -33.0t1.7
(n=10)
Downstream -364+0.4
(n=7)

ON=



Ph.iCeline M. E. Lajoie Mc Master Universit

Tabl e C23(NWhr@xmy)e of food sources includin
Organic Matter (CPOM), Fine PBroficuimatel Oe
upstream and downstream of beaver reservoi
Harv 1) and non harvested (TB Ref 1, TB Re
and Dryden, ON.

Food Sources
CPOM FPOM Biofilm
N (a) EN (&) AN (a)

TB Ref 1
|[Upstream -1.6+0.3 2.2+0.2 2.50.3
(n=3) (n=3) (n=3)
Downstream -1.9+0.1 1.5+0.5 6.6+0.5
(n=3) (n=3) (n=3)

TB Ref 2
|[Upstream -1.6+0.3 2.7+0.3 3.1+0.5
(n=3) (n=3) (n=3)
Downstream -1.940.1 1.1+0.2 7.82.3
(n=3) (n=3) (n=3)

DRY Ref 1
|[Upstream -2.240.4 0.8t0.4 0.6t0.6
(n=3) (n=3) (n=3)
Downstream -1.9+0.1 1.5+0.2 1.4+0.7
(n=3) (n=3) (n=3)

TB Harv 1
|Upstream -2.330.4 2.2¢+0.0 3.9+0.2
(n=3) (n=3) (n=3)
Downstream -1.8+0.2 1.740.2 6.1+1.2
(n=3) (n=3) (n=3)

TB Harv 2
|Upstream -2.120.1 1.3t0.4 2.1+0.6
(n=3) (n=3) (n=3)
Downstream -2.0+0.2 2.3t1.7 8.9+1.3
(n=3) (n=3) (n=3)

DRY Harv 1
|[Upstream -2.0£0.2 0.1+0.5 1.6£0.3
(n=3) (n=3) (n=3)
Downstream -1.4+0.2 1.0+0.6 1.9+0.8
(n=3) (n=3) (n=3)
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Tabl e

(Hydatophyl ax,
Ephemerellidae,

ne

M. E.

C24¢C N r (ady)e

upstream and

Har v
and

1)

and n
Dr y dH¥éDAsHydatdphylax, NEM=Nemotaulius, LIM=Limnephillidae,

Chir
downstr
on

har v

Lajoi e Mc Master Universit
of herbivorous taxa inc
Nemot aubapuberkermnépbpltoph] et

onomPldaeor biachae scolalpect
eam of beaver reservoi:
ested (TB Ref 1, TB Ref

LEPT= Leptophlebiidae, EPH= Ephemerellidae, CHI=Chironomidae, STE= Stenonema,

PLAN=Planorbidae

Shredders Collector-Gatherer Scrapers
JReach HYDA NEMO LIM LEP EPH CHIRO STEN PLAN
N (N (JUN ( N (a UGN it N it N it N
(aj (a) (a) (a)
JUpstream 43,44 5.2¢0.2
(n=2) (n=3)
IDownstrean] -0.1+0.5 4.2¢0.1 5.7+0.2
(n=3) (n=3) (n=3)
Upstream -0.5,0.9 4.8,5.2 3.8:0.2 6.2+0.3
(n=2) (n=2) _ (n=3) (n=3)
Downstrean; 2.3:0.3 2.0£0.1
(n=3) (n=3)
Upstream 2.7+0.2 2.1+0.4 3.4+0.1
(n=3) (n=3) (n=3)
Downstrean 1.80.1 3.240.1 3.840.1
(n=3) (n=3) (n=3)
TB Harv 1
Upstream 0.31.1 2.8:0.2 3.9+0.1
(n=3) (n=3) (n=3)
Downstrean] 0.1+0.3 3.5£0.2 4.0£0.1
(n=3) (n=3) (n=3)
TB Harv 2
Upstream 0.1+0.2 1.4+0.1 1.60.1
(n=3) (n=3) (n=3)
Downstreany 0.1, 0.4 1.4+0.6 6.3+0.8
(n=2) (n=3) (n=3)
DRY Harv 1
Upstream 4,1+1 5.5+1.2 2.240.4 3.5, 3.9
(n=3) (n=3) (n=3) (n=2)
Downstrean 4.3 2.5,3.0 4.3+0.8
(n=1) (n=2) (n=3)
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Table C25:N®®kr a(g®e) of predaci oufsi Ittaexrae risnc |
(Hydropsyche, Cheumatopsyche, B opyleercitar,o n a)
Cordul egaster) and Facultative predator an
and downstream of beaver reservoirs in har
and non harvested (TB Ref 1, TB Rell 2, DRY
Dr y d e nHYD=(HMdropsyche, CHE= Cheumatopsyche, DIP=Diplectrona, PTI =
Ptilostomis, BOY= Boyeria, CORD= Cordulegaster

Collector-Filterers Predatory Odonata Facultative
Predator/
Shredder
|[Reach HYD CHEU DIP BOY AESH CORD PTIL
at N at N it N (Gt N at N ut N it N
(a) (a) (a) (a) (a) (a) (a)
JUpstream 6.0+0.2 5.6+0.4 5.6t0.4
(n=3) (n=3) (n=3)
IDownstrean] 4.9+0.2 52204 5.5:0.2
(n=3) (n=3) (n=3)
Upstream 5.8t0.9 -5.1+0.4 6.4+0.1 5.0£0.4
(n=3) (n=3) (n=3) (n=3)
Downstrean] 4.8+0.2 4.3:0.3
(n=3) (n=3)
Upstream 5.140.0 4.4+0.3 3.5:0.2
(n=3) (n=3) (n=3)
Downstrean] 5.3t0.1 4.9+0.0 3.4+0.3
(n=3) (n=3) (n=3)
TB Harv 1
Upstream 5.0£0.0 4.8:0.4
(n=3) (n=3)
Downstrean] 6.4+0.1 5.6:0.2
(n=3) (n=3)
TB Harv 2
Upstream 4.8+0.3 5.1+0.3 3 +B6
(n=3) (n=3) (n=3)
Downstrean] 6.2+0.5 4.8t0.4 7.120.5 6.5
(n=3) (n=3) (n=3) (n=1)
DRY Harv 1
Upstream 4.1+1.1 3.2t1.0
(n=5) (n=3)
Downstream 5.1#0.4 3.4+0.9
(n=3) (n=3)

ONP
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Table C26(G:(N®kr ag®e) of fish species includi

Lake Chub (LC), Brook Stickleback (BS), No
Mudmi nnovan(dMNF)i,nescal e Dace (FSD) coll ected
beaver reservoirs in harvested (TB Harv 1,

(TB Ref 1, TB Ref 2, DRY Ref 1) watersheds

BND LC BS NRD MM FSD
it N it N at N it N at N it N
(a) (a) (a) (a) 1 (a3 (a)
Upstream 8.0+0.5 7.50.3 9.3t0.3 8.0£0.2
(n=10) (n=10) (n=9) (n=3)
Downstreany 8.2£0.9 7.2+0.5 9.0,9.1 -7.0
(n=7) (n=10) (n=2) (n=1)
Upstream 8.3t0.1 9.8t0.4 8.3t0.3
(n=3) (n=10) (n=10)
Downstrean 8.0£0.3 9.3t0.8 7.90.3
(n=11) (n=10) (n=9)
Upstream 6.6:0.5 6.3:0.5 6.8+0.7
(n=3) (n=11) (n=10)
Downstrean 7.7+0.8 6.7+0.6 6.8+0.8
(n=10) (n=13) (n=7)
TB Harv 1
Upstream 7.3:0.5 7.210.4
(n=10) (n=10)
Downstrean] 7.8t0.3 7.6£0.7 9.6t0.3
(n=10) (n=10) (n=6)
TB Harv 2
Upstream 7.6:0.1 7.50.5
(n=10) (n=10)
Downstreany 7.6:0.1 7.2+0.3
(n=10) (n=10)
DRY Harv 1
Upstream 6.8:0.4
(n=10)
Downstrean 6.0+0.9
(n=7)
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