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Food web structure plays an important role in determining how energy flows
through populations, communities, and ecosystefiimdeman 1942, Polis and Strong
1996, McMeans et al. 2019n aquatic ecosystems, food webs are highly structured,
encompassing numerous direct and indirect interactions. These interactions can affect
organismal growtl{Barneche and Allen 2018hdividual movement ratef@CruzFont et
al. 2019) energy coupling from distinct habitafgcCann et al. 2005and overall
ecosystem productivityVander Zanden and Vadeboncoeur 200@ile lake
ecosystems may appear static and saihtained, they are highly dynamic, with
fluctuating connectance strength and niche overlap between predators and prey across
both space and tim@cCann et al. 2005, McMeans et al. 201 %bitat selection by
organisms, from microbes to fish, is critically influenced by temperature, light, and
oxygen (Wetzel 2001) yet each of these factors varies annually, seasonally, daily, and
even subdaily (i.e., minutes to hours), influencing reatizeod web interactions within
a given lake.

The metabolic theory of ecolodMTE; Brown et al. 2004ffers a useful
framework for understanding how lake ecosystems, and particularly fish, respond to
AL GA20SYLRNIf ReylFYAOad ¢KS a¢9 ada3asSal
driven by body size and temperature, energetically link them to the ecalbgic
characteristics of their environmeiiBrown et al. 2004)This relationship between

ecological characteristics and energy flow follows bioenergetic principles, where energy



availability (which provides the capacity for growth) is generally balanced by the amount
of energy an individual can ingest relative to the energy it expends in acquifeng.it
Kitchell et al. 1977; Stewart et al. 1988jiven that metabolism scales consistently with
body size and temperature across lakB®binson et al. 1983any changes in fish
metabolic rates are most likely driven by variation in energy availability (i.e., prey
availability) across lakes.
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With extensive variation in both environmental factors and prey interactions
across spatiotemporal scales, Lake Trout could sasa® ideal model for examining
whether activity varies according to principles consistent with the MTE. While a
substantial body of literature documents how certain aspects of Lake Trout ecology are
affected by both prey size and identity and environmefféaktors separately, knowledge
gaps remain as few (if any) studies have considered both environmental and prey

communities tgether. Studies examining environmental drivers suggest that larger,

more productive lakes that experience cooler annual water temperatures (i.e., more



northern lakes) favour life history strategies leading to later maturation and larger
growth (Shuter et al. 1998, McDermid et al. 20¥@i|son et al. 2019) Additionally,
theoretical and empirical work suggests that smaller predator prey mass ratios for Lake
Trout reduce activity costs, enhance growth rates and shift maturation reaction norms
to olderages(Pazzia et al. 2002; Giacomini et al. 2013; Shuter et al. 2016FGnu2t
al. 2019) Despite these insights, uncertainties remain about how environmental and
prey-0  ASR Tl OG2NAR AYydSNIXOG (G2 akKlLS | OGA@GAGE
geographic range. Further, given the suggested links between metabolic demands and
contamnant dynamicgTrudel and Rasmussen 2006hderstanding how activity
differences drive contaminant concentrations is crucial for this culturally, economically,
and nutritionally important species.

The overarching goal for this thesis was to understand how prey availability and
environmental factors together influence Lake Trout ecology, enabling broad scale
comparisons across lakes typical of their range (i.e., lakes with common food web types

spannng wide environmental gradients). My specific objectives were to:

1) Directly observén situswimming activity with a novel stationary
hydroacoustic platform to determine if Lake Trout activity is related to
spatiotemporal variation in prey availability and environmental factors;

2) Reassess drivers of Lake Trout mercury dynamics by incorporating a more
nuanced view oprey availabilitycompared to classic food chain length

models(e.g., Rasmussen et al. 1990; Cabana et al. 1984le also



evaluating how bottorrup, environmental conditions influence predicted
mercury concentrations;

3) Test the relative importance of environmental factors and prey community
structure, both independently and in combination, on shaping Lake Trout life

history traits in ways that are consistent with the MTE.

To meet these goals, each objective (i.e., chapter) followed a consistent experimental
design. Prey availability was classified using a categorical Lake Class system, following a
modified version described in Rasmussen et al. (1990), Cabana et al. \129dgr

Zanden and Rasmussen (19863 Vander Zanden et al. (1999)ake Classes were
categorizedby pelagic prey structure: Class 1 lakes contained only pelagic zooplankton,
Class 1.5 lakes includ®tysisbut not pelagic prey fish, Class 2 lakes had pelagic prey

fish but notMysis and Class 3 lakes featured both pelagic prey fish\dyxis Selection

of environmental variables was tailored to each objective, depending on the specific

biological response variables under investigation.



/[ 11t ¢9w H
¢CKS AYLI OGO 2F F22R ¢SS0 aiNHzOG dzNB

I OO dzNF SIS dNIKR | Qo A (i e NI dpSRS NINBI BRAVY 00 2 ( R 2
SYySNEHSaO O2aia IyR T2NI3IAy3I aidNgHS@ASSAY daf |
YI Yl e0wza?kKK At S YSGlFo2t A0 GKS2NE LINBRAOGA GKI
dK2dzZ R RSONBI &S 6AGK AYyONBIl aAyd aNSe 02YYdz

ad

(0p))

20aSNDI o2y am @Y YVAYRIUFINBESAGK 6KAOK (2
I y208¢ BB E8RNRIF O2dzaAa O I LILIINRI OK | ONRPaad RA:
20aSNWSR K2¢g [F1S ¢NPRdzi oF201eKS ALINSS ENB 52I2AVE R 30 Al :

PYyYSyiult O2yRAs2yad ! Oa@Aile gl a KAIKS
SNB [F1S ¢NRdzi YIFIAYyldFAySR O2yaAraidsSyid asa’
Y2NB 02y @2fdziSR LI GKa O2YLIaAND RC daNli KE S-NiES &y Sd- AN

~ A s oA =

2T [ 1S ¢NRdzi RSGSOe2ya FTNRY LI Yy]loed2NRdza |
O2yRAo2ya SEORSBYFR FKISN2GAABOLf (KNBaAK2C |
LISt F AA0 LINBeé UaK KIFIR AAYAT1 83 RERONSBdzE 6 RISHIA
UdaKSas o6dzi KFIR aA3ayAaUOlyGte f26SNI yAIKkYS

fAYSENI LI GKas YR ¢SNB aAaayAaUOlyidte fSaa f
SY@ANRYYSyGad /2yaSljdSy inNnde [UAKS a¢ KB dRli YAd30 K
f SgSta 2F | Oa@S YSGlo2tAayYd ¢KS NBadzZ da 27

YSIF&dzNI 6fS dzaAy3d aidle2yl NE KE@RNRI O2dzaa O I LJ



OSKIF@A2dz2NJ I YR YSiGlFIo2f A0 N}XiGSa SasaYIFIGSR FTNPB

R 0& LINBe& O2YYdzyAaSa Ay glea O2yairaild.

Ce
w

A

_<
No
X0«

2 NE P

(en-N
A
w



LYdNRRdzOa 2y

C22R 6S0 REUNIZGOD dORISI NA Sa F2NJ AYyiSNI Oa2ya
I yR WNBeAd SR DRl §8ISPo 2B R liRINET @ YRS LIBIBR 2y
LINBESYOS |yR | OF ANISSIND R /& BT |14 yGR00 Aoy | Y A (
SO24aeaiGSvyas &adzOK a4 (GK2a$8 SELSBINASSY ALYNES RIS 2
YR QINBegdl NE RYFtoapSiseé fd mpdhtI ! KNBya S
| 2yaSldzsSyates Fd (GKS LRLMzZ a2y fS@OStI RAGS
bdzOlidzZ e2ya Ay WBIMEBKRYASBNISGSKE @A 2 dedpZy (DS 4 21 £S¢
HnNEpdE A TS xadddNB BNI Adad wnan aksy FDADDRIVIAYWMY Sy
0A21 OOdzydzt E¥dzta Sy S |t d MphpKELGPE BIF KR | S&y I
Ay GKS&AS NI AGa GeLAOKttRINNBaNZ Ga WNBYaARAGY

jdzf ABBAO0f F AN FYR [ S33S§ MODWESNEMBY @O S{akidz

(@p))

SYSNH& RSyasS LINBe AldSya fSIFRa (@Y KNIUKMGET kN3
{ Kdzii SNJ St ¢IKESdA SHondMeEloA G & +F NB RANBOGt @ AybdzSyC
F2NF IAY INROPK SPS MEBZENISYNONG® (K2dza3K AdG Aa | fa
oaz2fdziS O2yadzyYSNJ  Oa@Aile NIYXGSasx 6KAOK | NB
O2y &&NB SYOASyOe yR GKS Y2@8SYSyid NBI dzA NBR
YEYRENNI mpt Ml S @SYyyAS SiG FEd Hannpho
az2@SYSyid LXrea I ONARaOIFIf NRBfS Ay (KS Sy
I Oa @S YSGlroz2ftAay | O02dzyey3d F&.N2 MADGIZA WHY R
[ SISy mMpydplI w2ély | yR wl ayYdd aK/S 2WNEdDaxdzavas

GKFG LINBe&t A B A d D { (WBs2RRO A ARSEaA et YR Sy



NBIdzA  iS& | Oog@Alle o6& I R2dzAGH Ho i&KBy YeDBSIYSF )
HamoX .HYWN/ SIGKISSY Hnanmyo®d ! DSNJ &l el a2y UaK C
OBAGKEWRBER Y| RIf 2aadzS INRPGIKYE gKAES £t Sy
LINRA Y NRf & &dzLJLJ2 NI & 6 Y IOKW ¥ Ry ISWES CRIND 8@ 3/t ipapY 0
ReEYIlI YAO4aX &4dzOK a4 LINBe KIFIyRfAy3a aYS 06 LJzNE dz
gl Ol NIGSa ONBIlI Oa@S RA&GIYOSasZ LINBRFG2NI I
LINS & (& L)S oy RNRladsl AfyfmonAd Ay 86 S RAGSNASY G Ay o
O2YYdzyAllé LINBaASYyOSkloaSyoS Iyz2y3a ftF1Sauv |y
I g At lLoAtAGe@OD t NBe RSyaAade vle t&az2 AybdzsS
RSLISYRSyYy (i YSOKI yARMAIA ? &K Sa NBSRBKHNDISOs GA (e |
f Saa Y20SYSyi AaTyiSERISER {2 REYARS SIINEE Os OA
AYONBI &S |a LINBRFG2NE Y20S 009 (KeNSBSHya L& GG G K Saa
l f K2dAK adddzRASa aidNBaa GKS AYLERNIFYyOS 27

024l Ay GKS fATFTS KA & OYNES NBRy2IRY ASGIA | & Td TNBEHK
HANpX HICAYYE KSHIzZI RAONBIGIM P0OS+ adzNBYSyiia 2F | Oa ¢
&6AYYAY3 U&K | NB SEOSSRAy3Ifte NINBd adzOK 27
L2 LJdzf o2y a SELIASR (2 OloNAWER I SEDANRPY Sk
SO > RAMNBIGG 20aSNBIF a2y OWEBYYyAS. B(Ytkh & 8 NE
YSGFo062t A0S 2NJ N RA2A&202 LA Qu2LBNRYE A §/3R w3 dvdlza
MmppcE tFTTAF SO Ffd wnnuI { KSNBR 2Ry Bia K F NI
GSNY 0A20StSYSUNER GNYO{Ay3a F20dzaAy3a 2y avl

LJ2 LJdzt bp 8RRy G SO | f @ Hawmd/ZdzNNB Wit € &3 X &S ALIMHN



Pl
>
P
&

Olhfe fAyla 20aSNISR LINBRI{G2NJ | Oa@Aailie O

Pl
>
]
72
=

BP&aa aLI OS FyR aYSo

¢CKS aGSy20KSNXYAO Il @RS A yNBASAYB K R@EAXK
fAFS WARYANSWS B R 200dzZLamve®Em | RAGSNES NI y3S
SYGANRYYSyidlt 3INIYRASyGa ONRr&aa t11S8a Ay [/ I
0aO5SNNAR SOV FHA® In AMin Oy ARSFE &ALISOASAE G2 0
GSYLR2NIE LINBE | GFAfFoAfAGROOMmSIOARG K ObIKNB RE O
O2ft Rg GSNI NBf A Ol LaNRseA 30 2RINK Sajiasab BEEART i H20 K NJk ¥ 2 |
O2 NB I@5IMREg S t¢ KedirS OLINBA Sy O0S 2N I 6aSyOS Yl @
O0SKIF@A2dzNJ 6F aSR 2y 140 BSSayaS Ni- 2 ALANS TLINENS Ri 2LNNESS
GK2dzZ3KG (G2 2LIYAT S F2Nr3IAy3 o6& asStSOsy3d LINS
YR YAYAYATS t2aa88Sad 5d2NAy3I FlLEfZX gAYyGSNE |
I 00SaaAy3a I NHSNNENBRIANSYIas 2\WA RENASNI LLINEB ¢
LI Iyl G2y AO F3IANBIFa2yan Ady. fol2yidkK U SAtgRe N i |- fyd
Ddzl T 2 Sid [1f2d5 SHSWNED RdzNA Y3 adzYYSNI 6KSy [ 1S

O2y adzYLl 2y Olay2RNDIBNR ¢SHK | £ @ Hamn X 2AK NMWHEE | Y R

(0p))
Qx

d0N)> aUOF o2y ONSBI I RAESYYl Ay f11Sa 6KS
[ F1S ¢NRdzi G2 OK22a$S 060SisSSy F2N)lIAy3I Ay (0l
jdzc ft Ade LINBe o0Soe3ad FT2NF IAy3I 2AYS (RIS HLINSN TU
2HRHDAZNI YFLAYI ONASTT LKEeaAz2ft23A0Ftte& GF EA
KAIKSNI Ot dzS 19NE & 20/t AS|US YA yH2ngnadilz ®Ddzl T 2 | YR

| RRAo2y I ff&s RAMNYFE I @GFAtloAtAGe 2F GFEF



adalAVARK | 2 @2 NIENB A2y AR&a0 YI & TFdzNIKSNJI | f G4SN GK
YR GKSNBFT2NBX [ F 1 S I¢NRodx(] FEONJI FFH A Iv nonSckolk G A 2 «
2 KSy NBaAaUNAOGSR (G2 LIStF3IAO 6 GSNE RAz2NR Y.
LINSe F2tft26a | LINBFSNByaslf KASNI NOKe GKIFG |
ARSyoaie |yR KIFoAGLl GtINB &y Rz aAdy RNINGSR2GHGdE & XIS ONSSURG
aK2g | O2yaraidsSyd RASOFNE LINBFSNBYOS Ay 2NJ
LINBEe UakSa o0& L3ANGHIf2tyedza0 2 NNEITSTR/MPREBZTOIA OAY dzLJIS | T 2
O f Ay RNITES d2resabARaND BILISt | YR S3HKA AR 2y G2y
R2YAYlF oay3d RA &INS TAENSY OGA THaFENND ly NI colp IS &F Ki 2 dza f
RSOSt21LISR [1S /ftlaa aeadsSy FT2NI [ 1S ¢NRdzi
LJdzN1L}2 8S&8 2F SEIFYAYyAy3d | aa20Ale2ya 0SGsSSy
ReylYAOa owlavydzaaSy Si td mbhbno I sRYY2y &GN
YR 0A2YIF3AyAUOlIa2y AYyONBlFaSR gAGK LINBe F22
L LINPLRBISK @aKVH || aAYAfLFNI OFGSI2NRAT a2y
RSAONAOAY3I (GKS AybdzSyOS 27F LINBe! YRSNUAK 8 &
gr2dzate LINPLRASRIfFElISIN16Ba&l RIFIGSHLEERDI
ol asS 2F (S BXARACKITSY 6@ w@dSNBO GKAE 61 &
O2ft Rl GSNJ LISt 3A0 LINBe LINBaSyid Ayfthweéa aecai.
flr1Sa KIR LIStII3IA0 LINBe UiarkSaoMaal YR f /Rigl 15 No
KIFIR @a@aixar LIStF3IAO LINBe UakSa | @grAtlofSo | 2
g KSNSBaANBS (GKS a2fS LIStF3IA0 LINBe AGSY o6 LI NI

UaK FNB FoaSyidaz F OFGS3I2NR 2F tF1Sa y20 LIN



NBLINB¥BSYyORBIasS Ay T22R OKIFAYy fIqWRIKI@AY R (f
NFo2a0X Al F2ff 200330\ K@ dzi KBISEINBA Oy 8B 2 F U K
AYGSNYSRAIFIGS 0SiGs6SSy /tlLaa m FyR /tlFaa u f
[t aral 2mddp LJG dzNB G KA A LINBGA2dzat e dzy RSAONR O SR
¢2 0SYSNJ dzyRSNEGFIYR GKS SiuaSOta 2F LINBe&
NI 0Sa 2T oOAMYIYRY IFNBS S ¢NRdziz L RANBOGte& 20a
I ONRP&da UGUKS&AS F2dz2NJ RAasyOii 2[2HAY I tKeRANERE Oxalz
LX 2NNV P L KeLRIKSAATSR GKFdG GKNBS YIAYy @I NRI
I Qe @A lGeT mOo [F1S /ftlLaaz Fa || NBonONBR yYI2aa LI
NFa2d O0FyR GKSNBF2NBE F2N)lIAy3IT SYQAXK Y QINBE H
I 3aNB3Iloa2ya aa20AF0SR gA0GK UakK aoOKz22ftAy3
00 LINBe 02y O0Sy il ypR yLANDSA dfadK | RoRydaeiR 02 & &
YI® @FNE AGK NBaz2dNOS RSyairdteed DAGSYy GKI

- A

KI 8 RSUYSR LINB& O2YYdzyAialSas I [F1S /¢t &

x

O2yaiNIAyda O2dzZ RyYAdzZLIWVRNIY | YdzBEENS yIia253aY$ S

T22R ¢So60ad

{GdzRe8 RSaAIy> aA0GS &StSOsa2y> YR SY@ANRBYYS

¢2 AYyOS&doe Il GLONKRK S o8 YALOK GoEf@MS0Y A y 3 06 SKI @A 2 dzNJ

CNRdziz L O2yRdAzOUMSR2 T A WHHZRB (I ldZ A WIANE YK ERNR I Oz



RSLX 28SR Ay LIStfIF3IA0 SOz2aeaisSvya | ONr&aa wmu f |
0KS LYGSNYloe2ylf LyaosiGdziS 2F {daAadlAylofS 5
9[!'T y I mnod {dzNBSea ¢6SNBE O02yRdzOGSR RdzNA Y.
GSYLISNI G§dzNBE SEHERSERIBavKI R GKSNXYIFfte& adN) e
GSNBE (KS R2YAYlIyd LIStIFI3IA0 LMAAOAG2NBEY ogKATS

Be | oratfttrdDAXMTI 8l E2y2YA 0 LINBamoptsl #&A U IRs
04SS AYUNRRdzOe 2y T R2MJIO[MD|dH 5 dZNRAdyaT RSS a0FKNRALIaNAA/S

AaSR o0& OSNbOIFt @SYLISNI

(0p))
Qx

O2yRAa2ya 6SNB | aa
YSGSNI AYGSNDIFta FNRBY adaNFIOStaR§ENR A IRKS

2 SN vdzr t Ade a®iSNI o, {LZ hKAz2X ' {10

| BRNR I O2dzaa O RIGF O2ftS0Oe2y YR LINRPOS&aAyYy3

O

| @RNRI O2dzaa O adzNBSeéa ¢SNB 2y RdzOGSR Ay SI O
¢CNI yaOSAGBSNI 602 . B YYRAWVININR {6 N> BARKASNI 0Y2Y:
b2NBlF&v 2LISNlIeay3a G Ada OSY(dSNI FNBIljdzSyoe A
N} y&aRdzOSNB g7 1a0OAR2HzydZISs | NRa 2y | dtn 06 &adl A
GKAOK gl a t2SNBER TNBY | avYlrtft 2dzioz2zl NR NB
I O2dzaa O dzy Al o1 & L2 g SOISIRNIF NR Ym KRSy od iy (BHNEL]
oLyl FYR 02y AINRROSHYE 2IND Nty AYI 9Yyn &2Dél

A

2 ¢ YR I mMTn Y GNYyaRdzOSNJ OFo6ftS €SIRAyY3

<,

w
w

f20Fa2ya 6SNB OK2aSy (2 NBLNBaSyid GKS R LJ

R



&
c
)

gMHp Y FTNRBY aK2N 4G KFER FRSIldzr S OF NRAY

FdF 6SNB NBO2

puj
puj

LX 2& S

P
w

0l gSNE olyl® hyOS )2
G2 Sy RLED®UDI BOK2 & 2 dzy RSING SMINA I ( SINE S NJI2 NJ
GSYLINB BRBNBE dzaSR (2 AYyTF2NXY OFfAONrazy O0O2SY
AL ofmd PHRLIFOSAUO I O2dzaa 0 LIAY3A NIXriGSa 6SNBE Y2R

a oS

(Vo))

RSL 28 YSyd G2 SyadaNB (KIFGd NBGdz2NYy SOK?2

' Yy20KSNJ LIAy3ad ¢KS | O2dzaa O GSYy o1 a OFfAo

Qx

a

ax

LISNR 2 R XNPOoRIYi ldzaG/t3t | a4k yRFNR Ho YY O2LILISN
OFf AONI a2y Al NRO®
lff NI} ¢ KE@RNRBIO2dzaa O RIFGIF 6SNB LINROS&aS|

~ A s oA =

2dzaa O RSGSOe2ya AyiG2z2 airy3atsS (FrNBSIGI Uak 0

O«

O
O«
A

20AS6 {2Dg NB t R EIRID S O 2daaaioND & S\H GNBzEbAS?

O
P
&

SR (2 wWAOFENFAGE2NAY2Y| OSTNRy(Ga Oft24a8
GKS adaNFIFOS G2 | 002dzyi F2NJ SYGNXYAYySR FAN T
NI y3ISod C2ftf2mi/aSRKEND A K@ EI5 D MENP ED SYRRIENNGR

I 02dzao O RbHGI A HRISNA B (K S> yWwSIANgDSt R SEOf dza A 3

~ 7~

addzRRe fr1Sa ¢ra OFfOdzZ F SR YR aSGmwBGRu Y

(0p))

EOQft dzaAz2y T12ySa FT2N) SIOK 118 | asSd 2F 90
o 01al0l §gS®M RANARGE Yy W-E, &iloaalOQ 2LISNI YR
diGloda0 61 & dzaSR (2 AYyONBlIasS GKS AyidSyarde
/' P YRARIGS [AYyS tA01Q 61a&a ILWEASR (2 GKS - E

FYR b G {OAA200SNEYEE @REISHf &I &1 | RBEBRR ( LE Gft d¥KA Fy



7 A

0STF2NB (K SyaNB fAYS 461 a Ylydadtte SEIFIYAYyS
08 (KS Idzi2zaYFTGSR fAYyS LAOlL® LG sFa Ftaz2
GAGKAY (GKS 6l GSNJ O2fdzYy FyR Aaz2iLJdzSIR2 &ZAR Y
y2AaS0® ! f K2dAK adedaiusSy y2AasS ¢gla 26 0(§KNB

A A

RFEAT @ WARSE NBO2NRAYIAT | 02dzaa O af AaldSyAy3Ieo

AyOf dzZRSR . I O13INRBdzyR b2AaS wSY20lf B¢ L YLz
f-1S O2yaraisSyodeo
¢2 Aaz2fldS UakK OF NBS{EE FINPUNE (O 21 dedmf v SR O

Tp R. {dR2 GOSbHbSEGE L dzASR 90K2@0ASsUE bH{ OK2?2
NEBYlI XgpA¢HEA A a0GSLI gFa NBIJANBR (2 StAYAYIlI OGS
UAK gAGKAY | aAy3atsS &l Yad B803IS yIRX HzYie® R RIYy Rl dlf
a0K22f RSGSOs2y LI NIYYSGSNI aSky3aovae | {OKz22
g2t dzyS GFNBSGa 6AGKAY (GKS NBIA2YS gAGK | ff
RIFIGFéd 28 dzZaSR 90K20A EpOBAG{ AFBYSOYBRRER & ¢

S

(0p)
)

G2 ARSyaTeé& AYRAQGARdAza f UakKk Fa K O2dzy G S

<

- -

¢NF O1 RS(GSOe2y FftA2NRAGKY (G2 | aa a o AT

w
ax

K

Q)¢
QX

LINBGA2dza a0SL) 0APSds UaK &gA YOAMAKI NI RS 6FS
ONBIFIGSR dzaAAy3 RSTlLdzZ &G 90K2@ASg LI NI YSOSNEB
ydzYo SNJ 2F aAy3tsS GFNBSGa Ay | GNXOl¢ sl a a

St +td pZ yR GKS &Yl EAYdzyd 3CAA 0 SiliMISSlY

Q
ax
Qx

NEIA2ya 6SNB SELRNISRTZ yR UakKk tSy3adkK o6YYO

OR. 0 | YoRASHBA QR vy O



| 02dzaoa O (I NBSHAI P SNENPHzH aaa USIRANRY 3T | O2
gAlK206Y KIFEOAGFGO LINBFTFSNByOSa 2F (KS UaK 0O2Y
AY RS LISy & WHz08 HAINE R (i S RIRISEyt & | § B & WER R dzNJ
OO02NNBaLRYRAYI (2 6KSYy Yeé adNBSea gSNB 02y
LISt FIAAO0 F10G SRE OrR YNNI & G 316 ¥i @ 2 dzZ ii KBBRIORR NB § € &
ALISOASE Ay Yeé ad:aNpsSe fF1Sa 3ASYySNIftte LINBFS

d1Fi2a02YdzZA0D2YINBHBYUAAY ff Y& adaNwBSe {118

[N

SYLISNF GdzNB G KFy J2HY|LS NORRR day2l dvwio iy R f @ HAamy
ASLI NI GS FNRY [F1S ¢NRdzi Ay mNENFASOSD &g 20C80NIHL X
O0{ Kdzi SNJ SUA Y OfddzRmyid ORS LII K& @RSYE YR V{82 dkayaCt dzR ¢
SEOtdzaA2y 12y 8adEe NDKENIK IS, YdiOK 6 NIV SNJI L
KI oA GF/GT loayalorry  $ o/ RE f NBH iy dh OF t £ @8 2NASY ISR |
gl 0SNE RdAzZNAY3I (GKS &adzyYYSNI 6{ 023 YR [/ NR&aAaYl
118 0Kilai2 YRy HzZLKe RN2 | O2dzia e D& (i RIA REINeRI | fa3325 4 3
LINB&aSyid Ay F2dzNJ 2F Yeé addzRe 1S4 GK2dzaAK |
G2 [I1S ¢coFHidzo 6 w8 g REBENIRGRHSR 60{ 02§ FyR / N
MBI 0 YR LISNF2NY GRASE oFyl YAINIoa2yé GKSN
200dzNBR 68 K2NRIT 2y GlFf &agAYYAy3ad dz) OR/yAP dzNB |
SG I tTd Miln mipa dzyf A 1St @& (KI df 2 2dgNby230 aQi2NIA SR 30 &
fdzaAz2y 12ySed CAylfteées Uak GFNBSGa 6SNB |
BISOAUO KAAG2NARAOIf OF GOK NBO2 NFa & KEGMANKE (|
v

I GSR | O2dzaeo 0 f SH @iIRa TFSET2RIBUBSEYI K KISY R



F2N)] €Sy3adK 2F [1S ¢NRdzi LWNE@HTB dra e RKFROD!

2  dza%fj dilKySe tpS LINRP A RS& KAIK O2yURSYyOS (KI

[N

GFNBSGa 6A0GK GK2asS Llaarofe FgNROodziSR G2 [
AKI NB AAYAE N LINBTFSNNBR &dzYYSNbiydl yist $§ IR DN
f SYy3agK FT2NJ/ Aa02 Ay 9 [dzy LaddodzRaea K S R ySRi- GAKAS M 1 |
YFEEAYdzY F2N) €Sy3adGdK F2NJ hS2y32 FyR {Y21S5 |
NBaLSOap8dDe g2 HAncQR yaARSNIfoIH18S fe2NRSIND djkdkl v/ ol
& o P H

¢tKS AybdzZSyOS 2F LINBe laaSyvyoftr3asS 2y [I1S

 O2dzaa Ol ff& | &aas

Qx

&SR AYy (g2 gleavywaK | a LIN
LINE& O2y OSYy i NI &2 NEYUE DG PENBHRRIEROINLIEH S I A O

AYOSNISONI 6Sa0® VNBENBaKaBRSYas&®SaeoaoOYt Ay 3
SRAGR2

o]}

O

(@]
QX

1 S NA V&A V'R ¥B YIOA BTG MKdd S Gz SOYSI| y

[(@]3

AN =

Ol gSNAYSHAGNEFR Nd SOOKY fd 1S RdzNAYy3I 020K

(@]

O
—

Q)
[(®]}

6SNB ARSYOBSRINESEAGOK2INI Yasr daAy3d GKS al

A A

GN} O1a 6AGENneR.OBIRSSYSPIdDs UAK 06S0G6SSYy 9 ¢

0p)
8}
(]
_<
[@=N
o
c
A
0]

O AW/AIKNALONIBae2 YO 22yFO SR INISOK R E3A  1¢tSINBY

R 08 NBRVYAMRYI2FKHA@2 Y HISOKR ANR S NMA

>
QD
No
~h
[t
(0p))

RSAONAOSR 020S0 0GKNRBJAK | aSNASE 2F 90K20Q
wdzRa Gl WHEmmybdE Ko SOK2Sa 6SNBE ARSYyaUSR | yR NB)
YFEEAYdzY RAf o2y UfGSNI 2y ¢{ RIFGF G2 NBRAzOS

AdzNNRP dzy RAy3d UakK WEKABSOX® SHZ RABROILISE H\RA WY



Ay @S NIES oNGI(RESNIfOfZXRMYS R T D2 LI YR K2 WBIA2yE¢ o6Ad
ONBFGSR FTNBY (KS It RISRAYAYSEANI R K KNPRKR €
O2YLX AYSyithd NENBIRYYE O0AGYIFLI 61 & GKSY ONBLF G
y2ifaK NBIAZ2Y O0AGYI{sRIBHIA BAKER. I YREABSRY (& KNB
ONBIGS I NBfl BRRAGRONG oA NIS  LANBREILGRYWRASE/ (i N

HO! 5 CMFRANIBSENNALX S SOK23INI Y SY2yaimity3d gi
I 0O02dzy i F2NJ RAdzN)y I f RAGSNBYyOSa Ay LINBé& RAA
SOK23aINI Y 6SNB OFGSI2NAT SR o0& &adzyaSa |yR adz
dzaAy3 GKS dadzyOlrftoOo¢ w LI O1F3AS O6¢CKASHNNXYSE |

58aLAGS Ada tAYAGlIoa2ya dayk yRASGH S manyaia 14 YI £
0 NJ y amRuMISING & SGEAER YIINBHDOFRAYSI K2R HT&EEI NBazt ga
LINB&Sy OS | yR NBfil2e2dd | RIyhapah y2#S NELISNENS G Sa &
adalAyaRK I 2 op2Wildda Sy SRS Y 2 ya b NAaaKI (OQI1Ai0+F g SNA vy 3
4 GKA& FTNBI dzSHKOIR2 deNTiEke Y RwILE $ B 1d&y O2y i NRO
GKS 20&4SNUSR walRAYII YD SEAKEHORNRIAy YOG a0l g SN
T 2aNI&A Hzy RS NATORBNP @Sy @iekiSt A ié (2 RAGSNByal GS
ol O1 ANR dzy R ol ABIRE 2yWINDBZj Wiz & A SE SHENB PG YA
LI § SNOKE NI OGBNKMK oi02 21 | y{ i AW SISYWNEr SEANMH S Y I O
NEI RAf &l OBBE SAVERE S OK2 INIAAINEKASH Wizdyt AdireA &2 Ta i
11Haa8aaysSya KFTRNISERY> RSELIAGS SEOf dzZRAYy3I avl
11T FNBIljdzSyOeé LINR OA RISIANBERHLI A WA TRy A WRAIKGAE

YI ONPAYODSNISOoNI S ReylYAOa NBfS@lryd G2 S02;



¢t2 RSGSNNAYS GKS 2L Yl {HAINSO NBWAR Vi KFR |
@2t dzyS 2F SFGSNI GKFG [F1S ¢NRdzi GFNBSGa A
AYybdzSy 0S¢ NBIA2Yy F2NJ SFOK [F1S ¢NBdzi RSGSO:
NI} y3IS ol &aSRy Riyita@ i /S trSpa 2F [ 1S ¢NRdzi RSGSOoe
K2NAT 2y Gt SEGSYyGE 2N St SYSyidl Ne RAaGEYyOS
FYyFfearamwag HHRE2FQY P a AsSSJufofYA YIH aLINKIE on aS02
AYUSNIEFt A 2SN LISNA2Ra T NBXM Nl caASEGR2(yeR a6 il y
aGFoAf AT S | ®3MNISHRA EY MyttizitS 20A53NBS v (idf 85 G KS |

AybdSyO8: O8tt &A1 S army RBYYySR{ I 4F 2iNISS lyEr NI

~ A s oA =

GN} Ol SyoOo2Vir afhdly@oii&S 2P RSISOsa2y RSLIIKA

¢S&ay3a FT2NJ RA G SINBKIOBAE2 dENE a 6 A YY Ay 3

ax
pul

¢t2 aasSa AGSNBYOSa Ay [F1S ¢NRdzi &A6AYYAY:

fAYSIN YAESR SiuS0G Y2RSt dzaay3da G4KS tYSn LI

o)
LINA 2 NJRG 2 LIs YAT a2y ol &Y

YO Q4 Y @M 6201 & O Az QITEEA Q XDVE | QO w

P O QU0 dm 8

2 KSNBAY{AB SROASNIISR | O2dzaa 0 agAYYAya aLISSR:
E 13

O SINENBIF AN O2YYdzyAaSa OF G§S32NA



[ f1&adas RAZNYIft SNAZ2R Ay RNONBHANNRE &LI2 WRA WA 3i
I 02dzao O 02y OSpeRIASBRY A ADT AT IPERESONDK BEHY a A (@
NELRZ2NbY3 LINBeUWaKSRSYyNBARSEOW &3 ENID S/2 | {RIRIASED
NI YR2 Y RRIGR y Hgofl &8 O2INBea ol f SR G2 OSYyuGaSNI I f
NBalLl2yasS OFINARFo6fSY A6AYYAyYy3a &aLISSR: ¢l a Oz2y
Y2NXIEEAT S agAYYANWE yaRIESK SRR  2ARSE 6091l @ MU
£t adzo2NRAYFGS AYyGSNI Osaz2y GSNXa& YR YIAY

I 2@ NRIFGS YdzZt 2 O2f t A yBE NR (IBNBHFDAEO (2NN (D | | NeR &
NEZSIFEtAY3T | adNRy3dIsx arayAaUOr yid LI &xbkakS 02 NJ
LINEB&ND nompI LRFabbanmmamo® ! NIYyR2Y F2NBad Y2R!
GN} YR2YC2NBadG{w/ ¢ LIO1II3IS O0LaAKgINIY | yR Y2
Y2ad AYLRNIIYyd O2@FNRFGS FT2NJ Y2RSttAy3a [
08 CStoR nonchiBafKd {LNBE NBGFAYSR a GKS Y2RSt O
O2yaARSNIoOfé& KAIKSNI OFNRIFOES AYWRZ SHANI QS NE O
Y2 a K {GINBBOSR (G2 06S | 0S3SN K2R INARY dZGK Fi22NY di
ANF RASY (G tSy3GKI 4@l w22iNNWNSR § RASDNo NIRBEISS R
I § NA O dzi 98 K2 BINPRVEIZ2Ot dza A2y a | O20FNALFGS RS
fAYAGlFo2ya 2F dAMANIEAS@ME naYH it INSGHIIEEFDRa o6

NAY3I Aad Y2NB O NRI 0 fdS ¢KAKS NBSidef MifSRR AS/

(0p))

201§

2L YNMIdBR Y2RStf 27FY

YO QYR @@MQ 62061 ¢ O azNQITIRE Qi We 0 QQ00 ©9lj d HB



¢KS Uylf Y2RSt ¢l a RSGSNNYAYSR dzaAy3a aiaSLIGA

GKNRdzZAK 2L YATAYy3 Y2RSt N}YyR2Y SuSdida Ay G

JYR2Y AYUOGSNDSLIG 2N {azl| W

(0p))
(=]

<
N

o
<
=3
PR
Q)
<
Qx
2
So)
=
< ®
>
A
>
c
=

SOGad [A1SEAK22R Nla2 GSaida oSaegsS

RSt Fay

) QYR QA O QQ 6206 £ Oa 0T TRE @1 e 0 QQ @O |j P

yIffesr Y2RStiSaaiaSIrR LdoAsaydE At @NBdzaomaydav Ug SR LI
204840 +xF NAIofS aA3ayAaUuOryOS Ay YAESR SiuSOG
- gSNIKGlIAGS FLIWINRPEAYlFa2y F2N {dzya 2F { | dz |

585 4aSRKEONAA BB AGSEGa TORYISKS EFUKS! yias

A > s A X

LRE LD f dzSa 6SNBE O2NNBOGSR F2NJ YdzA aLJX S GSai

I RedzadYSy iiao

¢t2 aasSaa RAUSNBYyOSa Ay (KS FTNBIljdsSSyoe 2
| daizNER (ISAQOKR T FTNBI dzSHBASdloy 2t t 2 6

1l
OSKI GA2dzNE/ REBYHGSRIABWAYYAYAD AaLISSR 6YSGSN

OF(iS3I2NAT SR 4 aodz2NE(GE¢ $KSYy alLISSRa 6SNB B

ndptT YkaX FYR aNBasy3dé oKSYy f ndmt YKAD !

A6AYYAY3A ALISSR GFNAlF a2y I ONP

Qx
Qx
~h

—
(0p))
O«
—
Qx
Qx
(0p))



¢C2Nldz2aArAidiée O0ADSPYT Warydzzarildeon2F I UAK
RAAGNAOdzE SR ISYSNItAT SR tAYSIENI YAESR SiaSOi
NAIKG a1S6SRP C2NJ SFOK [I1S ¢NRdzi RSGS0Os2Yy:
2F fIl RS1SOe2yad gAGKAY | UakK GNI Ol RADGARSR 0
GFNBSG Ay (GKS GNIO1® ¢2Nldz2zaArde aolfSa FTNB°
UaK GNIXO10 (G2 AyUyAGes gA0K KAIKSNNIOOT @zSa |
GKNRdzZAK GKS | 02dzaa 0O o0SIY®d ¢2 aidl yRFENRATS
GN)} O1&a 6SNB NBY2@PSR AT (GKSe& O2yidlAySR fSaa
flradSR t2y3SN) GKIFYy wn aSO2yR& Ay GKS oSIY
20 ASNF a2y fSy3adK F2NJ UakK GNIO1& Ay /[/flaa w
GodzZNEG ¢ agAYYAYy3d O0SKIFE@A2dzZNE 6SNB NBGFAYSR
GKS Uyttt G(2Nldz2zairde RIGFASHE NBLINBaMyiSR Ay

N} KSNJ GKFy GK2aS az2tSte 4 NBade ! NI¥yR2Y

QX

RSGSNNY¥AYS (GKS FLILINRPLNRFGS D[aa Y2RSfg 02 @I N
aYS AYy 0SIFY 0A®SoOIg AR SMBIRo G Kb YRS YBEANIIBRE &

OFGSI2NAOFE GFNRAFOEtSa FeNUB A\BO dzR SR & NV RK Ry
LI N} YSGSNAT SR NIyR2Y FT2NBaid Y2RStd az2RSt NJ
2POSNBKSE YAyt e Y2NBE AYLBNIT FIOZRI NA I KSE 2 d Kl
AYLROAETI y+xLat T oaYS A{Yl o/Sdivp I LiINBaan SUAMBRSy aA

gl a GKSNBF2NBE (KS 2yfteé O2Q0FNAIFGS NBGFAYSR®



YET 0 0% b REQOZRN6H & O aiYRA@E® 6 OV Q 0t & G O 00

©9lj® n8

2 KSNB ¢2NIdzzaAirde gl a I dzyAdGtSaa YSIFadaNBE 27
NBLINBaSyoay3d OFGSI2NARAOFE LINBe a0G§NHzZOGdzZNBXI RA
YR ¢AYSLY.SIY NBfloay3a (NBYKI YyBERENIGAZDNKAYA VI K

I 02dzia O o0SIFY® ¢KS Fdzff Y2RStf 09lj® mO I|f a2

w»

YIAYy SuSOtao
| €

w»

¢ K

(s}

gy D[ aa Y2RSt ¢l a RS

fA1StAK22R Nla2 (Sada O2YLINRYy3I ySaiSR Y2R:

NY¥AY SR {KNR
FdzZf f Y2RSt FyR (GKSy 2LUmYR! MUBYIE SR/ (SSINS Gies2ay
I Y2yB1S /flF&aas RAdNYIFf LSNA2R yR aYS Ay o
Y2RSt 61 & NBGFAFISRMOaE. KB 2 wa LSO 8® HamTtO 61
[ F1S ¢NRdzi G2NIdz2airites Y2RS6GII wvalzonts Apa oS|I
Ol FINBHAHHOY YR Y2RSt aA3ayAUOryOS gt a aasSa

A WA

¢Sday3d FT2NJ RA U SHNBL2OESHNDLIE P 115 BESNKBNY I f Sy @

w»
QX

t2 AYyO BINB & SI ®i2ikS O (b f[ALG1®S ¢ NR dzi SELI2 &dzNB

YSGlI o2t A0Ffté& OKIffSyaay3a 2E@iKSNYIE O2yRA.

N oA

A E

<
P

SGSO0G tf23Aa20 NBIANBaaA2yamI[Hays MNP dz

SO FfldyRAMNID NI NBf & 7902 dfiR oA f YRl 1 § NB OK Ungg R



Ff & du{HAYOAE I NI @X [F1S ¢NRdzi LISNF2NXYIyOS RSO

c ¥H@HYy d yiHRn MATYORA OARdzF £ & F NB NI} NBf & LINBaSy

-

2Ee88ydzYo yR . O ¢yREBSt R2dzNIN&HSLI NI GS Y2RSt
GSad K2g [1S /ftlaa8S4a AybdsSSyO0S SygaNRYyYSyl
A0NBaaSReé O0OAYINER RAdaayOez2yd® 910K [F1S ¢NEPdz
2EBGOKSNXIE 61 SN LINE KSS a gNDS e NEISANR KRR R dzNIS:

Adz0 2L Yl 2EeGKSNXYIf SELRad:NBE oSNB Ofl aairUu

GSNBE 0SipsSTys Muy R YoORIOMp GK2aS G6KSNBE RA&az2f BS
0S06SSY n YR ¢ Y3IAk[ D /| (GH2NABYA 6 K SHBE NS LIEJ
GSNBE F2NJ RSGUSOe2ya (KIFG 200dzNNB/REZ Alyy K @mREGT |
RAaaz2ft 3SR 2Ee3Sy FStt o0St2¢ n. NHAR]{ ®» &2 RSt &

Hnow ' yEA1S LINBOA2dza yltfeasSas [F1S /flaa

ylfeaArad NBEbSOsay3ad NBflIa@S FT22R OKIFAYy fSy3adl
yrfeadaAra oSNBE O2RSR | a mMXI HX okyada NF GIKSNI
A3SYySNItAT SR 232400 Y2RSt® [F1SL5 6Fa& AyOf
| 3&ddzYLlo2ya ¢oSNBE SOl fdzad G§SR dzaAy3d NBaARda tf @

Y2RSt Ul 6AGRBAARES NE2yRAYAUOIyOS (Saio

aSilro2fA0 a4aS3aYSyld 2F A6AYYAY3I 0SKI BA 2 dzN

(s}
O
ey
Ce
QX

hE@3aSy O2yadzYLlez2y ¢l a S&daYlFiSR T2NJ

O2yasSlidSyOss 2F I O0sagrie RAGSNBYOSH

_<
No
<,
L



A

S&aYlIGSR a (KS 2E§THW ORERORUIESDR &WI Kh S O
SyO02dzy i SNAYy3a (KS KeRNRIO2dzaa 0O 06SIY®P hE&3ISy
GNF O1 &ag6AYYAYyM adzdaSASRE 16 A[yl 1GBY k¢&ANR dziio /amBRIOA U O

C2y i S0 I of MmyESEdaO iv AYE2SRS ¢ 6 | RA ENSERY GiRa (ASya ([ |

YR RAdzZNYFf LISNA2Ra>Y gA0GK 1l N yR2Y

ax
(0p)
ax

It a

It a

ax

RAGSNByOSa yY2y3a 1 18Sad a2RSt 2Ll YAI
/fFraa 6AGK RAdZINYIf LISNA®DR! GASRAYSYKRS 20y YR R
 88dz2YLle 2y az aAIYyAKROy O i S&AET 61 AR ALRSY B O
F2NJ FaaSaaiyd RAGSNBYyOSa Ay agAYYAy3d aLISSR

lff adleasalOlf FylrfedaSa | yR @\ &dINBA T¢lSa 2y

z

wS adz i

QX

{6AYYAYT I Oo@PAllé RAUGSNByOSa | ONraa FT22R 4S5
| @RNB | O2dzaa O &dzNBBSeéa Ay

RAGSNByG o0SiG6SSy [+F1S /tlaasSas odzi GKFG GK.
CAITdMNB | afrdd H¢ K2 dzZIK RIF@aYS &dA6AYYAYy3d aLISSRA ¢
I traas8azr YSIy /tl1aa&4 W FYR /™ {VYR&n®HIAINE Y S
GKFY GKSANI F SN IS RlI@aYS agAYYAy3d aLISSR:Z

[ F1S ¢NRdzi &A6AYYAYy3d AaMSBERKENBGRYY | OENERESonl

C

. SipSSy /flaa m FyR /flLaa moep> GKSNB ¢6SNB



A

ALISSRD D dH ¢ KEEBIBE K & Y I NBR W 3 A&l yoin tip 7 =
nonpmMLuYE AGAYYAY3I ALISSRI SANSE RSN andif BS NIBNE
02y OSYyi{iNlIoa2ya | ONRP&A ffCIHINB/ atrBmSa YR
[F1S /flL&aad AybdzSyOSR GFINAFoAtAGE Ay [
Y2@0SYSy(d NI} OGS RA&ZGUNANOdz2ya Ay /[/flaa m FyR
ASYSNIf agAYYAYy3d Y2RS RdzNGAAY/HImNER (bl RO-28y (FN R O
/I f-&a&a v FyR SaLlSOaltte /tlFaa o f([I9FSy XUaR o
CSLIFY MHoce@®ndn ntMKA a AYONBFAS Ay OFNRFOATAGES
O2YLJI NBR (2 aNBasy3a¢ agAYYAyED daddiK | 62KAS2 dzNBE |
FTNBIljdzSyOe 2F GodzNEGESX Gl Oa@Sé€> YR aNBaosay I
[F1S /ftREFIBNBOHRBRABRPcIIZcodnnnm0OT A GK LINE INE

200dZNNBWBSE 2B OAYYAYI gA0KCITOBA xR FAANDS

—
w
~~
~—n
ax
ax
(s}
Qx
™M
~~

flLaa m [1S ¢NRdzi NBadSR Ay
/I t+-aa mop 1184840 /2y@dSNAStes /tHEKANR RF{Bf
RSGS0Oes2yazr gKAES /tl aa o AYROIEORM 6. daNBENBE |
a6AYYAY3 NBYIFAYSR Yz2aidte Ozy&xprda:Syidd I ONR & A

SNAGSNE 2F [F1S ¢NRdzi G2NId2aAirie O0APSP:
GSNB O2YLX SEX |a GKS Yz2ad | RSIjMad &S Y2RSt &,
AYGSNI Oo2y 06SiGs6SSy [1S /tF&aar Ay@OSNISoNI G
Ly AYRNG@GA Rdf (0 KS ¢I10Rm® oOb 8 FENI &St Saasx OSNI L
SYSNESR diNB aFRS(dzAGSR YSIyYy G2Nldz2zairde SaaYl

O2@FNAIGS 2F aYS Ay GKS 02dzaa O o6SIFY IyR |



P
w»

20aSNDo2yas AYRAOFGS | ONBIF&S Ay YSIy

-

O2YLX SE® C2NJ I /fl 4da m UaK aLISyRAYy3I d1 dp

Qx

YSIEYO0S A0Q&a a6AYYAYy3a LI GK g1 & pnodp:r Y2NB

I LILINREStYe ct12 Y2NB G(G2Nldz2dza GKEyYy [/ f1 &

QX

H o |
KAIKSN) RdzNAYy3I GKS RIeéx K26SOSNJ GKSNBE 4SNB |
faz2 OFINASR RSLISYRAYy3I 2y K2g t2y3 | [I1S ¢l
SEYLX ST GKSNB 6SNB | LI NByid aAYAflINRhaSa Ay
GAGKRBEIA & AIKKYS G2NIdz2ailaerg ata s 3w AFOCR i
KAIKSNI 6AGK Y2NB oaYS aLlsSyid Ay (GKS | O02dzas O

118Kl 88 Modp FYR 00 FYR 6F3d AYRSLISYRS

C2®Bo6 YSRAI (SR #5104 R afdzZNBE & 2K SN f Sy JANRYYS:

[ 1S SeENBRdalidzNSB LIdi Pl B dBE& G KSNYIf O2yRAaz2ya RSO
AYONBlI 8SR Y IOMBLIHSES GIeNRdzi Ay LI I ylia2yA0
MOPpO H6SNB RSGSOGSR Ay 6 1S NI AIRBBINERITIING & S
LIKeaA2ft 23A0FE GKNBaAaK2tR ALCAAGHRIEI BR: 6 SNBI £ f

~Y A A X L oA X~

AAAYAUOlyGfte Y2NB tA1Ste (2 0SS RSWSOGSR Ay
CAIdepEC HO fry® dH 2 KAE S | O2dzaa O RS(1SOa2ya AYy Ke
Ay [/ ftlLaa m FYyR mop 1 1Sa> KS& RAR 200dz2NE

O2yRAa2Yya ¢KSyYy LIStF3aIA0 LINBe UGKIdmENEH LINS& S

poPBO. &8 O2y @2NURHd NUISINY 280 €€ /f1aa m | O2dzaa O



GAGK RAA&2f SR 2EedSY®LORAVENEY NB S d6 SEY hy

AAIYyAUOlyGte KAIKSNI 2RR& F2NJ[118 ¢NRdzi SE!
F22R 6S0a O2YLI NBR (2 GK2a$S AyKIOMs®YyEH Y2NB
2 KAES T OLAELFIO0tS KFEFoAGlrdG 61 a Y2NB NBAGNROGS

A

f1 1S @2tdzySa At 3t 3aeikedyy #BROmMMYIBYR

~ A

GKSNB 6+a&8 ARSIt E KFEOAGEG F FHIISKWRAE 2! [ZF (¢

A

aStil 62t A0 O2NBSI dzBY @& 0ATF A (&

. SKF@A2dzNI f RAOGSNByOSa Iy2y3a [F1S /ftlaasSa -
2E&3Sy O2yadzy¥llez2y Ay /fLF&& W FYyR /flaa o f
RIGEAIdmIB ¢ve@ LIS LLL FLIWINRPEAYl a2y tAYSEN YAESR
Grodopl CLOPp XA AAMEP H YAIKKkYS 2E&3Sy QGryadzyllke
F2fR O2YLI NBR GgAGK RI2oMPIBRIEIMAVIATIKENRNE c
HMA Pchpd 33 § yAIKGS FyR /[ fl aa hgl RSRIXNSAYAES R F N
0KS RIe (RIEMONYgATRGD | Oa @S YSilo2tAaY o1l
F2NJ/f+-aa m FyR m®dp [F1S ¢NRBdzi 0624G4K REFE& |yl
2Ee3Sy O2yadzylLle2y ¢+ a ySINIeée KI@F ORKIGINI AT =
RIdaYS 2E&3Sy O2yadzyLle2y NBYIFIAYSR 0O02yarads

ppowdtdhERY6 NI yISXc o hePp g P



5Aa0dzaarzy

PaAyYy3a | y2@0St | LILX AOlea2y 2F KeRNRI O2dzaa O
[ F1S ¢NRdzi &a6AYYAYy3 [ Oa@dAileé 20aSNIWSR RANBOI
LINBRAOIa2ya olFlaSR AWRYSIKSa21t5i0 akd8ameE Das oA
020K Of SIFINI & akKz2g GKFG [F1S ¢NROUNBE® Os @Al & |
I @F AfDl AANILRNG | yif e RAdNYIf LISNA2RX LINBeg Oz
I O2dzaa O GNJOla Fff Y2RAUSR FawLlsota 2F GKS
I ONR &a (KRB i ASELWOMS R GSNBd Ly GKSNXNIEf @

LISt 3IAO0 LINBe UakSa o/fraa m YR /flada mopo

¢
(9]

O2yaraiSyid Rdz2NAy3a 620K YR $KBHGELE DAzZNSE |
B NAl a2y 61 a4 YdzOK ONRBIFRSNE LI I y]lesa@2NE NBadz
YSGlFro2t AOFfte | Oa@S &a¢gAYYAy3d adtetsSar KAIKS
ISYSNIffteé KAIKSNI GNIF O]l G2NIldzzaide FyR AyON
O2yRYDPD | yadzNIINR aAy3dfes StSOFIGSR O0a@Alexr L
2Ee3Sy O2yadzyLle2y FyR | 0a@S YSiGlo2fA4aY F2NJ

Ly (GKAa aiddzReés L RSY2YyaidN}YGSR GKS LRGSY:
AYY20lF a@S | LILINEBI OK F2NJ RANSB O G @A Y2YordySINIAAGYKID
I OOdzN) 1St é& SasYlayd UaK 0SKIFEI@A2dzNJ ' yR | Oa @
I KOt f SyaS T2NbUAKBEASAE bh@ftrARcS .eNRigyao2y
I OOdzN} S YSI adaNBYSyita 2F GKS&S ljdzr yeaaSa | N

YR YFylFr3Aay3d UakK aidgz201ao I NA2dza SEA&say3d Y.

I+

VS

Z

¥ aSyaz2NkiStSYSUNRO 20 aSNImA2SWENES/1 &Yl



Y2RSt A0 20SNJ Ayairakad Ayidiz2z 0A2SYySNHSoaO LINE O
G2 RANBOGEE AyiGSaINIYGS SYSANRBYYSyYydlt FI OG2NJ
YSGFro2ft A0 NIXrGSa 6Soads LINBe | O AKA®AYEGES
I LILIN2 F OK OF LJidzNBa ljdzr yaill a @S Y28SYSRWU RI G
AAGHDI NAF 1S4 6KAOK 6SNBE ONRaOFft Ay NBGSIH A
¢NRdzli F Oo@Ale FYR YSGlIo2f A0 NIOGAKEAdH &C 2ANI bSIES Y
[11S ¢NRdzi I Oo@A[E] &S YRRISHRAY(ffe LEWNAR2 RAY &
A6AYYAYI FlLaGSN gKSy LONSKE ZRAPREIANS S8 W@ S\ OINS.
SyO2dzy i SNJ NI 84 ¢ A N OrkoNENB 180y cnya R 1YY G 3 RS y SR/
Mppy I ¢dzNBaazy | yR . NI ydrl QNdNIHKSINE R AKNSG/Ua 25
I ONRP&& RAGSNByYyd [+F1S /tlaasSa AYyRAOFGSR | Y
G2NIdB2aAp&E: FNBY /flaa m G2 /flaa moepx FYyR
YR o tf115a NBYR o MBSISI2t $R I @&l @SANBA XY by y QS
020K (GKS o9YS 2F RIF& FYR a¢6AYYAy3d &aLISSRko0oSK
aYS SAUKAY (KS | 02dzaa O o6SIFYud !'a Y2NB (2N
Y2NBE Sy SNHS2G00f Mg TG .Sy Kl Y2dz MmpHHBE KX BR KY
O2dzf R FdZNIKSNJ AybdzSyOS (GKS @FNA2dza SYySNHSs
08 LI AMWNPIA2RNBISNIDI a2yad 2B YRAKYIIANBNYS ydiridK O
6SPIDPE S GSNI GSYLISNI GdzNB | y RSHRPUSR YR (2 &
GKSNBE UaK NBYFAYSR | Oa@S S@Sy 2dziaiARS GKSA
LR2GSyoalffte FRRAa2YIfAYSAGH22LI O ORENOIAIRES ¥S

CNRdzi Ay /fl a4 m IyR mopREI nfaciadhaz Bl NB |



345448 K2¢g UaK NBaLRyR (G2 Sy@ANRYyYSyidlt O2
2Ll YFE FT2NdEHAYS SKSESPI o ehihiNdR AW S2INEF f @ HAanan
DAIO2YAYAIFR RPOD@SNBhoeaylf SO2f23&d LYLINROGS
FTNRY 20aSNWBSR S02f23A0Ftf NBalLRyaSa O2dzZ R dz
YR 1 OOdzNY GS 0A2SYSNHSaO Y2RSfao

S5AdzNY I f LISNA2R LXIFT@SR I ONHzOALFf NBES AY
RAGSNBY (G LINBe O2 Y VY{dyMmYieA yiz LIS SR I aa2SNIRIBREDA (
O2yadzYLle2y S&aoaYlI (154 [ttt SEKAOAGSR &aA3ayaUuOol
[F1S /tlaaxr sAGK /f1F&d&8 m FyR modp UAK YAyl
YAIKGE KAt S UaKR SroldS\GiASl tAfyR //tfl135338 HOZX & A 3y A
RFEN] ®@ ! & ONSE@ SNFSIRIGNEP mNEvidiv | NB 0SSt ASPSR
RFeaYS F2NJl3IAy3ad YR I Oa@Aide NIGSaz LI NbOdzZ
f A3IKG O2YyRAa2ya YR LINBE& YAINI (2NBAG Bl Briz
lf® wnnpX 5dzyf@ady ©GS Gt Bt KAWL UoNIEl dzy' | 6 S
YR Rdza1 LISNA2Ra FTNRY Y& KeRNRIFO2dzaaO RIGF
AK2NI 20aSNBloa2ylf gAYyR2gas Of SI NI RFédkyA3IK
O2YLI NBR (G2 /ftlLadaa H YR oSAYRRADI GNP dzii alYA N
F LILISTE NI G2 2L YATS F2NI3IAy3I RdAdzNAYy3I GKS Yzali
O KSNBE aRIFI&é¢ AyOfdzRSa ONBLIzA Odzf I NJ aYSaovad L

alidzReéx AO0 aSSya tA1Ste atml & yRKMOpA A FOD NISLINT |

A
c
A
(0p))
<
(0p))
(0p))
T«
C
N
Qx
o
N

Cl

(0p))
P
>

OA L 7]

No

agAYYAY3I Aa Il aa

w»
w»
P
fd
D
0«
w»
<
Qax
>
c
D
o-
©
(&)

YAIKKYS F2NI3IAy3a +Fa (GKS y



AYOBSNISOoNI GS RASE&HERDT KI 2016022NBtdEayd] (A2ly 202y a4 A R
OKFOA 8 DAIDRBIR d&GSYa 0S®IDPY 9 Hwecnn W3 [ 22L3K |
O2YLJI NBR (2 dicdeYivii ywba HEK 20&TOKSO] MPTMI C¢
WSYYAS Sd Uy & fulndvda Om YR mModp 1 1SaX SYSNHSs
GAOUK AYSYOASY(d LINBe O2y@SNRAZ2YS>S adSYYAy3a ¥
SYSNH& RSyaate |3a20AF0SR gAOK | LI IFyle@d2N

wSteAy3a 2y LIXIFIYyl1a@2NE & F YIAY FT2Nr3AAy

pa

OKIFftSyaSadfn2 NIf[IH&EE MNRER modp I 1SaX 6KSNB

I Oa @S YSiGl ozt A

O

N} 6Sa NBbSOU UGUKS adzadl AySR
YFEAYGFrAYy SYSNESaO SYOAS PTEIBB RIA DY SR y 05D S

y
YSGlIo2tAaYyY o0faoy¥yadRLIBEFASTF2NI /f+aa m [1S

Ce

YF3AYyAGdzZRS KAIKSNI O2YLI NBR (G2 /flaa o aK

8

LISNA2RESODKESE §SilFo2tA0 RSYIFyRa YiLeée tSI @S
SySNHe RSUOAGI 6KAOK A& 2yfeée tA1®E&SN2 Ayl
AGNF oUSRDUB NR2RFFR .o YyOBRDBRREE nimkd RATSNBY
O2yRAoa2ya SELISNASYOSR o6& LI ylo@2NRdA 6/ f |
[ F1S ¢NRdzi LI2LJzZ | e2ya fA1St& Lizi LI Fy{oe@2NI

LR2ATAT20KSN)XYa fAYSUFO26AONRHZISAAMNRERI BRG K |

—h
—h
(0p))

Ll2asSa OKI yaSa FT2N) aLlSOASa oKSY 0SKI @A2dz
LINEFSNByOSad Ly /flraa m IyR modp fF1Saz [
I 02@3St WP YLISNI (i dzNB a4 LBEE & SRR (K6 SoviNgt deed Jal YIRS

. fFYOKUSER Hands VIR &8yKAMGK Sai2 deft RP NBILINBA Sy (0 T



StAYS YSilIo062ftA0 NIXiSad ! RRAs2yIlffé&x LI I

o
x

SNISR Ay Ke@LREAO NBIA2YyAEAZT sKAES UakK Ay .

No
(@]
QX

A

NB (K:

(0p))

Ff 623SOKSN® ! f 6K2dAK /flaa wm fF1Sa &
RSLIIK 9 [F1S&SI0tnddnar 3! bl #1 TndchpnT /[ fFaa mY/ £
20KSNJ LI ANBAAS 3INRdAzZLJA LI B ndnpdvI NBIAZ2YE 2
d LIWSYRAE wHob! XYRAOESYASIKIG /f1&da m YR modp
KELREAO NB3IA2ya SOSY 6KSYy y2NN2EAO 461 GSNI &
KeLI2EAI NBRdzOS& GKS | SNRPOoAO 402K ANBI &K | §
/| K02 id nenkvicad OF y € SR (2 AyONBFaSR 3Aatt @Sy
2T OKAOK NIXA&aS YSiOlo2ftA0 RSYlFIYyRasz |yR dzZ aY
NEONHA GYSYy iz oYR YDowhiRE (BBKISYH S |t d HAMJ

¢ KS LINBaSaOIKR FR gt S AYLI OG0 2y (GKS A6AYYA
Ay J/tlFLaa mop O2YLI NBROSHDSNE2FSGRGgt Bt bEKI @A
200d/NNBR FTNRY /fl&daa nw G2 /flLaa o gAGK [
6oc: AYy [/ flad H O2YLINBR (2 cd: Ay /fl&aa o
A6AYYAY3I aLISSRaE AY ABRY¥YXAYIAL NS DPa! REAS2Y 1A
Y2NB €t AYySIENE LI NbOdz I BB &A B 2yWAFEKMRGS LISK & IaAd2
YFe AYRANBOGt& oSySUG [I1S mNRE(N LRMRREHZ ND dz
YIFad& NI o2 ad®ald2bYiLENAdBEIKY R Y 2 R) LI2Nb2y 2F /fl&daa o
OCNALIISE YR (GBKSXNAKOhwddbod At AGe G2 LIStEFIAO

OASyOe 27F LIStF3aIAO0 LINBe

Ce

O2yBSNEAZ2Y S aKs |

¢ NB dzii ©



¢2 YEyFr3IS AytlyR [F1S ¢NRdzi ad201a $as0:

(0p))
pz

O2YAARSNI 0SKIF@A2dzNI f RAGSNBYyOSa | Y2y 3 LI Lz

QX

2

(@]
QX

SNIBSR | ONR &aa 1 R SLIS v R a6 axpdzNITHISEBINE A dzY S

(0p))
(=]
No

NIi! 90 A& LINPLRNb2ylf (2 RSyaiade 2F UaK ;
MppHO® LRSIEf@T /t!9 g2dzZd R O2NNBE I 4GS LINBOA:
NBE3dzZ NI & akK2g (KO FONEASRe NSRIE | af 20 aHKnAnL =0 | 5NRESE
Si It ® HnumI da 2032t 30 CRidzyTaf dF 2HNd HIKKIA & Y I y I 3 SN
02SYOASyia (2 adNP$SaRl NEWEDIib REdzB 6 dzoy R} §O6
SEFYLX ST [I1S ¢NRBdzi o0A2Yl &aa SaaYlI (GS& AYLINE
Ot SR o6& GKS YSIy 6SAAK(G6[2Fa ([ 3 NISS aNR 2 165 A »
UyRAY3I& &dz33Sad GKFG [F1S ¢NBdzi OF GOKFOATL A
NEflIGSR (2 F22R S0 FaaSyofl3a3Sad CdzZNIKSNI G
LIN2EINIY F2NJ hydlFNR2> /FyFRF FaasSa2&Sa [I1S
LI 834A0BS 02ttt SO02YYyREAHRANN SO OPRABNY H 6 LB NA 2 R
KIS akK2gy fIFNHS RAGSNBYOSa Ay agAYYAy3d alLl
Ad NBlFazylofsS (2 SELSOG GKIFIG SyO2dzyiSNI NI G
[ 1S wLISFGAAE O & 6 A NINA YHNER LB YEBRW RO EMO Ay [ f |2
fF18Sa a6AY Tl ald8NMNAIOA OF NB krly W MIRyABA RAZA SR o
f SIRAY3I (2 KAIKSINYASH NLISIYYOPR @ARIASDK INFiIEAl o 2 v &
O2NNB Oay 3 T MW KSIRS ST @RGEEARNI INS KB (2 2 JSNB
AGFYRAYAYOAIYIYd® P2NRdza EI pRA OKR ¥ dAIR LIAZ/ | & 2:

KS Nxal 2F aSky3d KFNBSad NIiGSa YdzOK KAIKS

[N



0KalS2 LidAapadz/ R £ f 260 2 KAfS a6AYYAYy3a &LISSR
3SEFN) SyO2dzy i SNI N} GSazx 3IAfttySi O2yal OO0 | yR |
A6AYYAY3A O0SKIFE@GA2dzNB | aa20AF0SR ¢6A0K RAOSNE
ASEN) elLIByEyRakK205&F GA2dzNE YR RSyaAde RSLI
YR NBdSye2ySid fd wnnnX t NOK

DAIFI O2YAYADOSUf GKPJdZAEKHIWKS STSO0 2F a6AYYAYy3 |
NBiSye2y KIa y20 6SSy G(§SaiSR: Ay@Saesidlasay3d |
JAttyStG SyO2dzyiSNERZ (KI G ¢2ddZ R 6S Y2NB O2Y

adaon/at Faa M YR HOX O2dzZ R fSIR G2 @FNASR NE

0KS | aadzyLle2y 2F OFGOK NI OGS FyR UakK | odzyRI
¢tKS Y2RAUSR LINBaSyOSkloaSyOoS [1S /flaa
5S04 RSaAONAROSR KSNB LINRPOARSE || aAayYLX S esSi

O0SKIF@A2dzNJ Ayi2 UaKSNASa YIylFr3aSySydo Ly hyid
f15a REARANIHYIF Yy 3SYSy G GKI (6 adat N @ NBt & Ki sy
alylr3Ay3a NBaz2dz2NDSa | ONRaa adzOK | @gFad 3S213
AYRAOIFG2NER GKIF G OFLIGIdINE SO2ft23A0Ff RAUGSNBY !
NBfla@S (2 FodzyRIyOS SasaYlIiSad 2 KALRE (INRLK.
YR RANBOUG F22RawlSot & ySRRGDIGY § RENI %I Yy RSY
wlh aYdzaa Yy emhPRBA RS Y2NBE RSO BLBRAUYE ABBRE
LINEe ReylFYAOaszZ Yé O2INBRS LWL AOlLsa2y 2F [ I 1
KAIKEAIKGa GKS aAa3ayAaUOlryd AybdzsSyoS 2F LI Y

NI} 6§ Ra SWysNHe o06dzRISGad DAGSY GKFG FOsa@AlGe OF



208N ff SYSHRAOOURASEG YR [ STIASY MRy RS (wSy y
A6AYYAY3A aLISSRA YR Oa@AlGeoDRGEORYAYRdSYiOS
HAMo ICAWHASGE I Xid Mm& mip0OdzYo Sy i (2 Fdz2NIKSNI SE

SYKFyOS 2dzNJ dzy RSNRGFYRAY3 2F [F1S ¢NRdzi SO:



¢ o fm@D
{ dzyNJ\
aaAa

NJSa LIS® o [C

$12
as
|

y
a:

5(/)) pui

e

OS NI I A yi2g @0 Ny

3 NJ
I YR

JS

-93.400

-93.678

SN

ax

LKA OZ

dzy a
F 3 A

0 NB dz(i |
g ORK 20GKSNJ LINBRI

Sunrise
(hh:mm)

05:18

06:11

LIKe & A Ol
aYSa
LINE &
NS

S

O

Sunset
(hh:mm)

21:24
20:29

Lake area
(ha)

34.0

37.0

t Z

I NB
Ua K

iKS

Max depth
(m)

LINA Y I

Mysis
(P/A)

Pelagic Prey
Fish

N\E

)\2f237\(§|f A
YSRALI Y dzy
Syo0S |y 0

Other predators
NA

NA

26.0

Cisco; LW*;
RW*

Cisco; LW*;
RW*

-93.400

Lake
name Location Latitude Longitude
Class1 260 ELA 49.745
382 ELA 49.706
626 ELA 49.752
Class 523 ELA 46.699
1.5
224 ELA 49.691
373 ELA 49.475
Class2 377 ELA 49.721
Opeongo  Algonquin  45.692
Smoke Algonquin  45.519
Class 3 239 ELA 49.663
262 ELA 49.426
625 ELA 49.762

* LW = Lake Whitefish, RW = Round Whitefish

Northern pike

Northern pike;
Burbot

Burbot



oft® W O02dzaad RSLI 28YSyYyild AYyTFT2NXIeaz2ys NBO2N.
LI N} YSUSNAR FT2NJ IFIff KeRNRI O2dzaa O adzN¥Sead |
2OSN) UKS 0g2 adzYYSNrR 27F dzNISe a o
Major- Minor-
axis 3 axis 3 Major- Minor- Area
Sound Pulse Ping Transmit dB dB axis axis backscatter
Lake Lake Deploy Deploy Deploy speed duration rate power Transducer beam beam angle angle (Sa)
class name start date enddate  depth (m) (m/s) (ms) (ms) (W) gain(dB) angle angle offset offset correction
1C|ass 260 2022-07-05 2022-07-13 11.3 1451.67 0.256 100 150 28.70 7.03 6.98 -0.12 -0.09 -0.4272
382 2022-08-15 2022-08-19 10.8 1462.25 0.256 800 150 27.37 7.02 7.01 -0.03 -0.08 -0.3765
626 2021-06-28 2021-07-03 11.1 1463.89 0.256 200 150 27.40 648 7.18 -0.31 0.48 -0.3668
E'sass 223 2021-07-20 2021-08-01 13.4 1463.39 0.256 600 150 25.68 6.45 6.52 -0.35 -0.49 -0.3622
224 2021-07-09 2021-07-18 26.3 1447.67 0.256 600 150 27.40 6.48 718 -0.31 0.48 -0.3668
373 2022-06-23 2022-06-30 19.8 1442.81 0.256 600 150 28.70 7.03 6.98 -0.12 -0.09 -0.4272
glass 377 2021-08-05 2021-08-12 14.8 1451.96 0.256 600 150 2668 645 6.52 -0.35 -0.49 -0.3622
Opeongo 2022-06-08 2022-06-15 26.0 144479 0.256 300 150 28.71 7.19 7.39 -0.07 -0.06 -0.4059
Smoke  2022-06-01 2022-06-06 24.7 1438.59 0.256 600 150 2871 719 739 -0.07 -0.06 -0.4059
Class 239 2019-06-26 2019-07-30 28.5 1439.35 0.256 700 150 26.93 6.23 9.10 -0.09 -0.62 -0.3928
239 2021-06-22 2021-06-24 29.6 1436.28 0.256 600 150 27.40 6.48 7.18 -0.31 0.48 -0.3668
262 2022-08-04 2022-08-11 19.1 1445.06 0.256 100 150 27.37 7.02 7.01 -0.03 -0.08 -0.3765
625 2021-08-17 2021-08-21 31.6 1443.90 0.256 200 150 25.68 6.45 6.52 -0.35 -0.49 -0.3622

*2019 sampling dates were: 06-26, 07-29, 07-30
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Lake Capture Capture MeanFL Median FL  Maximum FL 5th FL Quantile 9th FL Quantile 5th Quantile 95th Quantile
name years methods® (mm) (mm) (mm) (mm) (mm) (dB)
Class1 260 1973 - 2017 GN, TN, AN 417.33 426.00 585.00 350.00 471.00 -34.38 -31.90
382 1ot~ GN, TN, AN 365.29 370.00 545.00 296.00 418.00 -35.77 -32.90
626 1902 - GN, TN, AN 41175 419.00 717.00 282.15 473.85 -36.17 -31.85
Mean 398.12 405.00 615.67 309.38 454.28 -35.44 -32.22
Class  5y3 1990- gN TN 388.85 392.00 639.00 317.80 456.00 -35.18 -32.17
15 2006
224 1976 - 2017 S TN AN: 378.48 382.00 492.00 325.00 423.00 -35.00 -32.80
373 1902 hThEA, 415.89 417.00 542.00 345.15 485.00 -34.50 -31.66
Mean 394.40 397.00 557.67 329.32 454.67 -34.89 -32.21
Class2 377° . . 41639 415.14 641.91 295.49 519.84 -35.79 -31.08
Opeongo ‘2%2%‘ GN 461.81 460.00 942.00 295.00 640.00 -35.81 -29.35
Smoke 273" GN 416.83 382.00 710.00 239.40 640.60 -37.55 -29.34
Mean 431.67 419.05 764.64 276.63 600.15 -36.38 -29.92
Class 3 239 1973 - 2017 GN, TN, AN 530.53 550.00 732.00 272.00 654.50 -36.49 -29.16
262 1973 GN 416.14 400.00 552.00 256.00 543.00 -36.99 -30.72
625 b GN 377.38 368.50 605.00 271.90 513.25 -36.49 -31.19
Mean 441.35 439.50 629.67 266.63 570.25 -36.65 -30.31

* Lake 377 size structure values are the mean FL's for all other survey lakes as there was no previous size structure available

* GN = Gillnet, TN = Trapnet, AN = Angling, SN = Beach seine
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Cl ofrr® W bh+! NBadzZ §a F2NI[ 1S ¢NRdzi ag6AYYAY
YR YyAIKGOD BROQSBADOF R dzRISLINB S 3aSa o6/ flFaa m2
/[t aa mdp> aedaAia LINBaSyd odzi y2 LISLINBEO LIN
UakKsSa LINBaSyaT /flFraa oX aeaira yR LIStI3IAO0
AYOSNISONIGS O2yOSYyi(iNlIosa2ya 6! 0O2dzaa O LY ODSNI.
¢FrofS NRPga KAIKEAIKGSR AY RIEINy n®@NBBdZI BRAGGS
KAIKE AIKGSR Ay A3 INBe 6SNB aradayAarAuoll yi
SS MS df Num. dfDen. F pvalue

Lake Class 0.542 0.181
Diurnal Period 0.608 0.608
Acoustic Invert. Sv 0.275 0.275

Lake Class:Diurnal Period 2.090 0.697

3 6.295 3.001 0.113
1 1121.462 10.092 0.002
1 13.949 4.572 0.051

3 437.789 11.564 <0.0001



¢l of® HANBAAS &a6AYYAY3I ALISSR RAUGSNBY
tS@gSta 2% [F1S /t1 &4 FyYR RAdNYFE LISNA
{FIKSNIKglF AGS FHBUINBRESRAY [65NBS | IRLRzA G SR d
F2NJ Ydzf oL S GSadacd tFANBAAS O2YLI NR A2
Ay 3dNBeée ol fLKI §f ndnpod

Pairwise Contrast Estimate Lower 95% CL Upper 95% CL df tratio pvalue

Class 3 day - Class 3 night 0.2376 0.0592 0.4160 606.6788 4.1797 0.0009

Class 2 day - Class 2 night 0.1908 0.0311 0.3505 543.5376 3.7508 0.0055

Class 1 night - Class 3 night 0.4057 0.0112 0.8001 12.8074 4.0380 0.0406

Class 2 day - Class 3 night 0.3087 -0.0917 0.7092 7.6718 3.6028 0.2089

Class 1 day - Class 3 night 0.3045 -0.0940 0.7029 8.2299 3.4630 0.2286

Class 1 night - Class 2 night 0.2877 -0.1085 0.6840 12.7432 2.8548 0.3853

Class 1.5 day - Class 1 night -0.2767 -0.6735 0.1201 9.9887 -2.9408 0.4139

Class 1 day - Class 1 night -0.1012 -0.2383 0.0358 589.9297 -2.3179 0.5822

Class 1 night - Class 1.5 night 0.2655 -0.1356 0.6665 11.5221 2.6724 0.5865

Class 1 day - Class 1.5 day 0.1755 -0.2627 0.6137 5.8049 2.1780 1.0000

*Only the 10 most influential pairwise comparisons are shown; Bonferroni p value adjustment based on 28 pairwise tests
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Cl of® WKazZ NB adzYYI NB aidloasalOa F2NI[IF1S ¢NP
dzy AljdzS [F1S /ftlFaaSaT ¢KSNB . dzikdip & LIBKSR Al WHR
wSdey3d &aLISSRa 6SNB f nomt Ykad t NELER2NB2Y N

AGAYYAMFIIARIZNI O2 YLI NBR G2 | ff 2 0NKGS NEBA adeAyUCKiA Y
ORBAlj dz NB &l adaoaOa T2 NS GrdzSAI N - 26af SSNJI Giz2Y ol ASyN]
20aSNISR FTNBIljdzSyOASa 2F agAYYAYy3 0SKI @A 2 dzN.
SKSNBIS® deOk | NHSN) GKIFy T SNB AyRAOIGS adzm

Class 1 Class 1.5 Class 2 Class 3
Proportion X2 Proportion x? Proportion X? Proportion X2
Burst 0.036 6.68 0.021 4.27 0.032 17.66 0.022 12.85
Active 0.873 17.53 0.749 3.52 0.602 2.04 0.292 25.72
Resting 0.092 23.38 0.230 0.34 0.366 0.71 0.686 36.96



¢l ofmyY HCAAK GNJ-C)“[ G2NIidz2zaAde FVU\GéN\B)/Oéé I ON.
LISNA2R ORIFI&X yAIKGOVE FYR fSy3dgK 2F aYS 4Afl
gl a raaSaaSR GKNRdAK ¢@LJS LLL {dzva 27F { | dz
AIAYAUOlLYyd @FNARFO6ESa ol fLIKI ¢ ndnpdv KAIKEAZ
x? df pvalue

Lake Class 0.933 3 0.817

Diurnal Period 22.639 1 <0.0001

Time in Beam 2.708 1 0.1

Lake Class:Diurnal Period 17.195 3 0.001

Lake Class:Time in Beam 0.802 3 0.849

Diurnal Period:Time in Beam 9.828 1 0.002

Lake Class:Diurnal Period:Time in Beam 19.360 3 <0.0001
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f23A400 NBINBaarzy Y2RSta (Saay3da GKS SuSOi

2ZEEUKSNYIt &0NBaao /lFaSa 6KSNB LINBe | gFAfl

2 MUYl f SYyPARRYRSygdAKa I NB KAIKEAIKGESR Ay

AyaillryoOoSa gA0K KAIKSNI SasaYlFidGS OFENRIOATAGER

KAIKE AFKGSR Ay fA3IKG INBE O6FfLKI £ ndmnod
Odds ratio B Lower 95% Cl Upper 95% CI Wald test (Z) p value

Temperature > 15°C 1.287 0.574 0.305 1.082 -1.717 0.086

>12°C Temperature < 15°C 2.807 0.595 0.371 0.954 -2.155 0.031

Dissolved Oxygen < 4 mg/L 0.049 0.143 0.007 3.084 -1.242 0.214

> 4 mg/L Dissolved Oxygen < 6mg/L 2.534 0.043 0.002 0.774 -2.134 0.033
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School Properties Value
Maximum horizontal link distance (pings) 10
Maximum vertical link distance (meters) 0.1
Minimum candidate school height (meters) 1
Minimum candidate school length (pings) 20
Minimum total school height (meters) 1
Minimum total school length (pings) 50
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Lake name Max depth (m) 15°C isotherm (m) 12°C isotherm (m) 6 mg/L oxycline (m) 4 mg/L oxycline (m)

(&

Class 1 260 14.00 5.00 5.25 7.00 13.00
382 13.00 5.00 6.00 4.75 6.00

626 13.00 5.76 6.75 10.50 10.75

Class 1.5 223 14.00 6.25 7.00 10.00 10.00
224 27.00 7.25 8.25 16.75 19.00

373 21.00 5.67 6.33 13.83 16.00

Class 2 377 18.00 6.00 6.50 12.50 13.50
Opeongo 49.00 7.00 8.00 25.00 26.00

Smoke 43.00 4.00 6.00 36.00 36.00

Class 3 239 31.00 3.23 4.54 20.36 24.82
262 30.00 5.83 6.00 23.33 25.67

625 40.00 7.00 7.00 31.00 31.00
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Human mercury (Hg) exposure is normally determined by diet, primarily through the
consumption of fish. Even at low but persistent Hg exposure levels, Hg can negatively
affect nearly every organ within the human body, and Hg toxicity has been linked to a
wide variety of neural impairments and syndromes in children and aduliecreased
motor system function, compromised immunity and reproductive concerns, among
others(Zabhir et al. 2005, Kim et al. 2018) such, understanding what controls fish Hg
dynamics and being able to predict under what scenarios contaminated fish should be
avoided is essential for effective public health policy. An important aspect of this policy
is risk management through consption advisories for wild fish, published both
regionally and nationally to safeguard against the es@nsumption of contaminated
FTA&AKD C2NJ SEIFYLXSS 1SIHtGK /FylFRIFIQa &l ¥§
or Ug+dgrish for most commercialish (Canadian Food Inspection Agency 19883k
management through such guidelines depends on reliable knowledge of fish Hg levels.
Since interand intraspecific variation in fish Hg concentrations is high and our current
understanding of what drives fish Hg accumulation across large spathégisis
incomplete, it is incumbent to continually 4@ssess the circumstances that may
increase risks for humans consuming fish.

Mercury emissions increased markedly in thd 2@ntury with coatfired power
production globally diffusing inorganic Hg through lelagge atmospheric transport

and deposition. In the aquatic environment, inorganic Hg readily transforms into its

3 dz



toxic form, methylmercury (MeHg), which can accumulate and biomagnify through food
webs(Lavoie et al. 2013Pespite Hg emission reductions, persistently high MeHg
concentrations remain in watersheds and the biota found within them, even in
seemingly remote areas because of leagge atmospheric deposition, extended water
residence times, and ecosystemediated Hg cyclingTang et al. 2013, Branfireun et al.
2020, Pilote et al. 2024Along with Hg poisoning in humans, high Hg concentrations in
fish can alter individual behaviour, change spawning time, and reduce reproductive
succesgHammerschmidt et al. 2002, Berntssen et al. 2003)

It has long been considered that contaminated prey is the primary route for
accumulation of Hg and other contaminants of concern in(fi$fomann 1981)t was
under this premise that seminal work on Lake Trcgal¢elinus namaycugh
contaminant dynamics was investigated, initially from work by Rasmussen et al. (1990)
predicting Lake Trout polychlorinated biphenyl (PCB) concentrations across lakes varying
in food chain length (i.e., trophic complexity), followed shortly thereafteChpana et
al. (1994) predicting Lake Trout Hg concentrations on the same basis. In both of these
works, lakes were categorically assigned to one of three Lake Classes based on pelagic
trophic complexity; specifically, the presence of pelagic prey iten@&ass 1 lakes,
which had no pelagic prey other than zooplankton; Class 2 lakes, which had pelagic prey
fishes like Coregonids present, and Class 3 lakes, whickysiddiluviana(Mysis
hereafter) and pelagic prey fishes present. With each increase in Lake Class (i.e., pelagic
trophic complexity or food chain length), Lake Trout contaminants (PCBs and Hg)

increased 1 to 4 fold from the previous Lake C(&ssmussen et al. 1990b, Cabana et al.



1994) While landscape predictors were included within a subset of analyses, the main
result communicated to readers of these two studies was the categorical increase of
contaminants with increasing Lake Class. Further work using nitrogen stable isotopes
suppotted findings of contaminant biomagnification with increasprgy availabilityand
established a quantitative link between Lake Trout trophic position an(Vdgder

Zanden and Rasmussen 1996, Garcia and Carignan Fa@tjermore, meteaanalyses

and reviews published since have also highlighted the central role of trophic complexity
as a determinant of Hg concentrations in predatory fisgi@gd et al. 2012, Lavoie et al.
2013)

While trophic dynamics are often emphasized as driving contaminant dynamics,
other research highlights demographic, biotic and abiotic variables as modifiers of fish
contaminants, particularly in relation to HGewurtz et al. 2011a, 2011bhge and/or
body size specifically serve as key demographic and morphometric predictors of fish Hg
burden(Somers and Jackson 1993, Stafford and Haines 2001, Power et al. 2002, Trudel
and Rasmussen 2006, Johnston et al. 20&8)fish approach asymptotic size, they tend
to eat larger and more contaminated prey items, which in combination with longer
lifespans leads to high accumulation of staweliminate contaminants like Hg.
Additionally, larger fish display higher metaloatiosts (and hence, poor growth
efficiency) compared with relatively younger, smaller, and faster growing individuals
(Trudel and Rasmussen 2006, Jenssen et al. 2010, Johnston et al. 2022)

Landscapéevel factors, such as watershed and lake physicochemical properties,

can also modify fish Hg concentrations. High dissolved organic carbon (DOC)



concentrations typically correspond with higher fish Hg concentratjbasoie et al.
2019)RdzS G2 13Qa loAaftAlGe G2 O2YLX SE 6AGK 5h/ 3
higher bacterial methylation potential associated with the increased presence of
wetlands and anoxic conditiorffRavichandran 2004However, at DOC concentrations
greater than ~& 10 mg/L there is also some evidence that MeHg transfer efficiency
(i.e., biomagnification) can decrease with changes in the composition of organic matter
associated with high levels of DQGui and-inlay 2011, French et al. 2014, Braaten et

al. 2018) Lake surface area, pH, productivity (often assessed as total phosphorus or
chlorophylta), forestry operations, forest fire activity, and latitude have all additionally
been shown to affect Hg under specific scenarikab(e 3- 1). Given that watershed and
fish Hg dynamics can be affected by many variables beyond food chain length,
predictions of Hg among lakes should also include these other potentially compounding
factors.

This perspective paper aims to-examine the models and theories that
emphasize the role of food chain length in shaping consumer Hg dynamics, with a more
explicit quantitative consideration of other contributing drivers of contaminant
accumulation than geviously described. The current effort focusses on Lake Trout, a
top predator in tens of thousands of North American lakes, and a commonfifsiod
across their range (Scott and Crossman 19¥8¢. Lake Class system describing
associations between food chain length and contaminants of Lake Trout proposed by
Rasmussen et al. (1990) provides an important starting point for characterizing

broadscale contaminant risks that affect fish and those wtnasame them. However,



much more has been learned in regards to other potential covariates since these

original papers were published in terms of what can modify Lake Trout Hg

concentrations, and new statistical tools and improved computational power now allow
for more complex malyses. Despite these advances in analytical power, there has not
been a comprehensive fassessment of what variables are useful in estimating Lake

Trout Hg across the landscape in over 30 years. Starting with a reassessment of the Lake
Class system ugrboth previously published and contemporary data, | explore how
including extra layers of variable and model complexity helps inform Lake Trout Hg
dynamics beyond using simple models of food chain length. Using my more recent data,

| go on to show important interactions between food web structure, landscape

variables, and body size for predicting Hg concentrations for Lake Trout in Ontario,
Canada lakes. The benefits of using a Lake Class system, along with other easily acquired
habitat information, are olvioust if Hg contamination dynamics can be better

understood across large spatial scales, then lakes fulfilling specific criteria can be
targeted for further testing, and management decisions can be guided that promote the

sustainability of fish populations whikensuring public health.

wS@POAadAay3d (GKS dzaS 2F F22R ¢6So6 [F1S [/
YSNDdzNE O2¢iik FAQH ®2yF2NI Ay Of dzZRAY 3 |
Biomagnification describes the process by which higher trophic levels and top

consumers accumulate more Hg than primary producers and lower trophic consumers,



with biomagnification increasing as trophic complexity incredBésllips et al. 1980)
Under this theory, Cabana et al. (1994) assessed Lake Trout Hg dynamics across a prey
community gradient of increasing pelagic food chain length to test whether distinct Lake
Classes could predict Lake Trout Hg levels. Nisigt@ntario lakes were sepaedt into
three Lake Classes based on the presence of pelagic prey items, and Hg concentrations
among Lake Classes were compared using fish collected between 1975 and 1984
(Appendix 3.B Table B1; Class 1, no pelagic prey other than zooplankton; Class 2,
pelagic prey fishes present; Clasdysisand pelagic prey fishes present; See Cabana et
al. (1994) for full methodology). As predicted, mean Class 1 Lake Trout Hg
concentrations were lower than those in Class 2 and Class 3 lakes, and there was some
visual evidence that Class 3 Lake Trout Hgemanations were higher than those from
Class 2 lake$gure 3 1.a, 1.c) However, upon r@nalyzing the Cabana data using a
one-way ANOVA to confirm their main communicated result of increasing Hg with
increasing Lake Classes, broad differences between all Lake Classes were not detected
despite model significancéyo3= 21.56p < 0.0001). Lake Class explained 32% of the
variance in Lake Trout Hg concentrations, with Tukey HSD tests identifying Class 1 lakes
as having significantly lower Hg concentrations than either Class 2 or Class 3 lakes.
However, there was no difference beden lakes that had pelagic prey fish compared to
those with pelagic prey fish arddysis(Class &, 2, p= < 0.00001; Clas(B3,p = <
0.00001; Class@3,p=0.29).

To compare this result with an independent and contemporary dataset

(Appendix 3.A Dataset descriptio)) another set of lakes covering a similar geographic



range but with samples collected between 1991 and 2022 was asseltihtpde 3- 2,
Appendix 3.B Table B2). A new Lake Class, Class 1.5, was also introduced, describing
lakes whereVlysiswere available to Lake Trout but pelagic prey fishes were absent.
Mysisonly lakes appear to be an omission in previous Lake Class studies, given their
importance in the original Lake Class definitions (i.e., as the key component separating
Class 2 and 3 lakes). According to prevailing food web theory, we anticipated Class 1.5
Lake Trout Hg concentrations to be intermediate between those of Class 1 and Class 2
lakes. Similar to Cabana et al. (1994), we found a significant effect of Lake Class on Lake
Trout Hg concentrations with the contemporary data set (ANOY&,=5.12,p = 0.003,

R =0.21), though only Class 1 and Class 3 Hg concentrations were significantly different
from each other againqigure 3 1.b, 1.d)

By and large, neither the data from Cabana et al. (1994) nor the contemporary
dataset support the role of using categorical food chain length alone as a predictor of
Lake Trout Hgr'he narrative put forward by Cabana et al. (1994) assumes sequential
increases in Hg with the inclusion of each new pelagic prey item in the food web from
Class 1 to Class 3, which was not observed. Critically, when using Lake Class as the lone
model predctor, body size was unaccounted for. Yet, other Lake Trout Hg models,
including an analysis in Cabana et al. (1994), have demonstrated body size as an
important modifier of Lake Trout Hg concentratiof@mers and Jackson 1993, Futter
1994, Stafford et al. 2014Within both datasets, ongvay ANOVAs where mean body
weight was used as a response variable in place of mean Hg concentrations reveal

nearly identical results as those of Lake Trout Hg (Mean body weight ~ Lake Class



ANOVA, Cabana daf;es= 12.46p < 0.0001R = 0.21; contemporary datdes 5=
9.46,p < 0.0001 R = 0.27;Appendix 3.B Figure B1). Similar statistical outcomes
betweenresponse variables of mean Hg and mean body weight across Lake Classes
indicate that any significant result of Hg concentrations between Lake Classes may be
spurious, or at the very least simply masking the role of body size as the main driver of
Lake TrotiHg concentrations. Lake Trout typically reach larger sizes when they have
access to bigger prey, such as in Class 3 |&tagdr et al. 2005, 2016and since there
is a general positive relationships between body size and Hg concentrations in fish, Lake
Trout in these lakes are more likely to have elevated Hg levels due to their larger size.
To address the potential dependency of body size on Lake Trout Hg
concentrations across Lake Classes, it can be easily included as a model covariate.
Cabana et al. (1994) did attempt to account for body size by using mean weight within a
multiple regressia, though in doing so they erroneously included Lake €lass
distinctively categoricalariable as a continuous variable. Their multiple regression
also included mean body weight and maximum lake depth, though lake depth was
ultimately excluded from the fial model (citing issues with collinearity, though those
issues were not justified or explained). With mean body weight included, the model
reported by Cabana et al. (1994) was highly significant (nm&del0.56; ttests on
predictorsp < 0.0001) though no followp analyses or visualizations provided any
description of the relative role of body weight compared to Lake Class in explaining Lake
Trout Hg. Consequentlireanalyzed the Cabana et al. (1994) data using their multiple

regression approach anddad that mean body weight was overwhelmingly more



important than Lake Class when describing Hg concentrations (partial variance
explained; mean body weight = 46.5%, continuous Lake Class = 7.0%). While the authors
RSaAaONAOGS (KIFG aYdzOKé¢ 2F (GKS 06SiGsSSy 1S R
stemmedfrom differences in food chain length, my-amalysis of their data strongly
suggest that mean body weight was actually the main driver of Lake Trout Hg in their
dataset.
To confirm that 1) multiple regression was an acceptable approach, and that 2)
Lake Trout Hg concentrations were largely driven by body size,-aralgzed the
Cabana and contemporary datasets using Analysis of Covariance (ANCOVA), treating
Lake Class ascategorical variable and mean weight as a covariate. After confirming
ANCOVA assumptions (residual normality, variance heteroscedasticity, presence of
AYGSNI OGA2y 0SGs6SSy O20FNAFGS FyR OF 6S32NA
confirmed the atsized role of mean body weight on Hg concentrations (log body
weightF02= 94.97, partial variance explained = 46.5%,0.0001) compared to Lake
Class (Lake Class> = 8.04, partial variance explained = 8 = 0.0006Figure 3
3.8). ANCOVA performed similarly to multiple regression (despite the treatment of Lake
Class as a continuous variable), and both approaches explained a higher amount of
overall variance than the simple Lake Class ANOVA presented previously (i.e., my
ANOVA anlgsis of Cabana et al. (1994) data based solely on Lake Elas3.32;
Cabana et al. (1994) reported Multiple Regressiix; 0.56; my ANCOVA of Cabana et

al. (1994) dataRZ = 0.54). To test if the significant improvement of model fit from the

incluson of body size and application of ANCOVA could be replicated, we applied



ANCOVA to my contemporary dataset of mean fish weights. In initial model
assessments, one Class 2 lak&imball Lake was removed from the dataset because
of extreme values in a residuals vs. leverage diagnostic plot. Further, a significant
interaction was identified when testing for an interaction between the covariate and
categorical predictor, precluding the use of ANCOVA (a significant interaction was also
present when the aforementioned outlier was included). Assessing the model with an
interaction term, body weight was again the main driver of Lake Trout Hg
concentrations, though variation in Lake Class slopes revealed unexpected Hg dynamics,
including a negative relationship between Hg and mean body weight of Class 1.5 fish
(Figure 3 3.bandTable 3 2). Different statistical conclusions between the two

datasets, as well as potential shortcomings associated with reducing body weight and
Hg to lakewide means in the Cabana et al. (1994) assessment indicate that the
approaches taken to date, using only catagal food chain length and a body size

metric, are likely inadequate for predicting Lake Trout Hg across large spatial scales.
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When using body weight as a covariate, model parsimony was found with the additive
effect of Lake Class and individual body weight, and incorporktkegas a random

slope with body weight (Eq. 1):

1T @ @& QOERWALQQS6 a @ idiE QK E@ENHNVQ00 691j & MO

With individual body weight included as a covariate, predicted increases in Lake Trout
Hg with increasing Lake Class were not obserkeglife 3 3.c). Similar to previous
ANCOVA approaches that used population means, the presence of individual body
weight overwhelmed the effect of Lake Class on Hg concentraticaidd 3- 2).
Allometric scaling between individual body weight and Hg showed no differences
between Lake Classes, demonstrating a cleatih@gr relationship between individual
body mass and Hg concentrations.

When body length was used as a covariate (as opposed to body weight), a
possible role for Lake Classes became appafagti(e 3 3.d). Following model
selection, the best model included the interaction term between Lake Class and body

length, along with lake modelled as a random slope with body length:

1T Q% 0 Q) ENHIN06 d ®@E D) AEAQ0O0 691lj @ HO

Based on fitted relationships across Lake Classes, Hg concentrations of an average sized
Lake Trout (~500 mm, where relationships describing thédtly length relationship

for each Lake Class intersect) should be similar amongst individuals from ditfefent



ClassesHigure 3 3.d). However, the significant interaction between Lake Class and
body length E,73= 5.57,p = 0.0017) revealed ontogenetic differences in Hg
contamination, where small and large individuals occupying different Lake Classes
exhibited distinct Hg dynamicEigure 3 3.d). Specifically, Class 1 and 2 lakes had
steeper Hg slopes than Class 1.5 and 3 lakes. Thus, at small sizes, Class 1 and 2 Lake
Trout (whereMysiswere absent) had lower Hg concentrations compared to Class 1.5
and 3 individuals (both witMysispresent), whereas at larger sizes, Lake Trout in Class 1
and 2 lakes had higher Hg than Class 1.5 and 3 at a given.length

Despite using more sophisticated models, expected sequential increases in Lake
Trout Hgconcentrations with increasing Lake Classes were not observed, suggesting
that strictly topdown model structures considering only food web structure with body
size may overlook other important physiological and landscape proceBsesCabana
model posits that large adult Class 3 Lake Trout Hg concentrations should be higher than
those of individuals from any other Lake Classes. However, at large body lengths, my
linear mixedeffects model estimates that Class 3 Lake Trout wouldadigt have lower
Hg conentrations than individuals of the same size from any other Lake Class. Further,
when considering just planktivorous Lake Trout populations (Class 1 and Class 1.5), Hg
accumulation slopes were shallower in lakes whdiysiswere presentdespite having
a longer relative food chain.

Mysisare a preferred prey for both juvenile Lake Trout as well as other pelagic
prey fishegFrance and Steedman 1996)s such, their presence may modulate Hg

concentrations differently for juvenile versus adult Lake Tr&igre 3- 3.d). Higher



juvenile Lake Trout Hg concentrations in lakes Wisis(Class 1.5 and 3) may in part
be due to consuming a more contaminated prey baséylgsisMeHg concentrations
are typically more than double that of both pelagic zooplankton @hdoboruspp.
(Back et al. 2003, Chételat et al. 2013, Brown et al. 2@2@)verselyMysisappear to
confer a metabolic advantage to Lake Trout at adult life stages. Biomass size spectra
theory and examinations of predatgurey mass ratios both suggest there are metabolic
and energetic efficiencies gained when larger prey are made availabledators(i.e.,
predator-prey ratios are small; Giacomini et al. 2013, Shuter et al. 2016, Sprules and
Barth 2016) Further, Hg biomagnification intensifies at low predator growth rates and
high activity rates, conditions that are expected when predgisgy mass ratios are
large(Trudel and Rasmussen 2006)

While biotic mechanisms likely explain Hg biomagnification through food webs,
they disregard the potential controls to the supply of Hg to lakedle 3 1).
Ultimately, ecosystem processes influence the bottomavailability of Hg to aquatic
ecosystemgBranfireun et al. 202nd must be considered when understanding
contextdependent differences in Lake Trout Hg burdens, which are explored in detail

below.
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| present two comm@mentary yet independent statistical methods to understand how

physicochemical and landscape attributes contribute to reported relationships between
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body size and food chain length with Lake Trout Hg concentratiduakivariate

statistics have commonly been used to assess interconnected relationships between
multiple variables that cannot be assessed using traditional univariate approaches
(James and McCulloch 1998)owever, traditional multivariate statistics (e.g., Principal
Components Analysis (PCA), Redundancy Analysis, Correspondence Analysis) only allow
predictions to be made at the population level. Alternatively, recent advancements in
machine learning havied to the emergence of more computationatigmanding

statistical tools that can determine patterns and trends in complex, indivildwall data,

but can also facilitate predictions that scale from individuals to ecosys(Prkler and

Hartig 2023) | therefore selected Principal Components Analysis (PCA) and Random
Forest (RF) algorithms as alternative but complimentary methods for assessing biotic

and abiotic variables with the greatest influence on Lake Trout Hg concentrations.
Concordant prediars from both methods can then be used in further modelling efforts

to estimate Hg contamination risk across the lakesqdjsdd et al. 2016)Using these

two methodswasalso useful for comparing multivariate approaches that differ in how

data is handled; PCA uses a degductionist approach, where mean values are

required for each input variable (which precludes the use of individual body size as a
metric, and as demonsited above, predicting fish Hg using population mean body sizes
can be misleading). Conversely, RF uses all individual observations and can handle many
predictor variables (including those that are nlimear) without the fea of over

parameterizing the final modé€Prasad et al. 2006)
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Assessment Lakescape Predicted Lake
Variable Type Proposed Lake Trout Effect Mechanism Variable Characteristic Trout [Hg] References
Trophic Extension of Food Chain Length (FCL) promotes consumer i
. ; P FCL + 1-3
Complexity Hg biomagnification
8N isotopes
Larger, older fish eat larger and more contaminated prey,
. . have longer lifespans that facilitate higher Hg accumulation, s ~
Body size and have higher metabolic costs relative to younger/smaller Length arger body size * 4-9
individuals
Weight
Age i
Dissolved Organic Lake trout Hg exposure will be influenced by watershed Dissolved Organic tor- 10-17
Matter (DOM) processes governing Hg availability Carbon (DOC)
Hg can readily complex wnh DOM, and methylation potential Watershed igh % connected
increases concomittantly with [DOM) and wetland presence, -
) characteristics wetland/lake area
though;
Some studies suggest high DOC actually reduces
methylation, particularily in acidic environments (ref. 12,13), Water clarity
thereby altering Hg availability to fish (ref. 14)
L Relative [Hg]'s of all food web compartments. Total Phospharus .
Productivity concentrate/dilute based on available biomass (TP) igh TP 20-22
Lake trout activity should scale with ecosystem productivity, Chl-a
affecting growth efficiency and Hg "dilution”
- Low pH can limit ecosystem productivity, thereby H : ~
Acidity concentrating Hg in remaining biomass PH ow pH * H 13-15,18,19
High concentrations of H+ ions compete with DOC for Hg
complexation
Lake pH explains [Hg] in other fish species
‘Waterbody size affects limnetic oxythermal conditions,
Lake Size where warmer and shallower lakes have higher methylation  Surface area + 23-24
potential
Maximum depth
Hg is associated with organic matter in topsoils. Active
Watershed forestry operations increase soil disturbance leading to Forest ctive forestry; clear 25.28
Disturbance export and siltation of receiving waterbodies (streams, Y utting
rivers, lakes)
Increased Hg to receiving waterbodies because of increased
catchment runoff and associated impacts with siltation (e.g. Fire orest Fires + 29-31
DOC loads)
Particulate Hg is released during forest combustion and can
be redoposited on landscapes, and subsequently
methylated
: More northerly lakes should stay relatively cooler than " ~
Latitude southern lakes, reducing methylation potential, though; Latitude orthern range edge  + or 32
In northern lakes, fish growth rates should also be slower,
excretion will be reduced making Hg growth dilution less
likely
Sex Increased Hg associated with eggs in F Lake Trout or Sex for- 33-35

differences in growth efficiency between M and F

Potential intersexual differences in Hg elimination rates

References: 1 Rasmussen et al. (1990); 2 Cabana et al. (1994); 3 Vander Zanden (1996); 4 Somers and Jackson (1993); 5 Stafford and Haines (20017); 6 Power et al. (2002); 7
Trudel and Rasmussen (2006); 8 Jenssen et al. (2010); 9 Johnston et al. (2022); 10 Lavoie et al. (2019); 11 Ravichandran (2004); 12 Miskimmin et al. (2011); 13 Kidd et al. (2011);
14 Dittman and Driscoll (2009); 15 Wiener et al. (2006); 16 McMurtry et al. (1989); 17 French et al. (2014); 18 Cope et al. (1990); 19 Qing et al. (2001); 20 Kidd et al. (1999); 21
Kidd et al. (2012); 22 Trudel and Rasmussen (2006); 23 Bodaley et al. (1993); 24 Danco (2013); 25 Garcia and Carignan (2005); 26 Huang et al. (2023); 27 Lam et al. (2024); 28
Porvari et al. (2003); 29 Garcia et al. (2007); 30 Moreno et al. (2016); 31 Witt et al. (2009); 32 Lavoie et al. (2013); 33 Madenjian et al. (2011); 34 Madenjian et al. (2014); 35
Madenjian et al. (2016)
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Model Coefficients Model Summary
Fish
Length x
Lake Mean Lake
Model Test Data Type Model Syntax Class Intercept Weight Class DOC Variable df F P value R?
ANOVA* Mean log(Hg) ~ Lake Class 1 -153 / / | LakeClass 359 512 0.0030 0.21
(geometric)
15 -1.27 / / /
2 -0.95 / / /
3 -0.80 / / /
Mean log(Hg) ~ log(Mean log(Mean
+ 4
ANCOVA (geometric) Weight)*Lake Class 1 6.37 / 0.73 / Weight) 154 54.70 <0.0001 0.58
15 -0.18 / -0.89 / Lake Class 354 117 0.33
log(Mean
2 -12.37 / 0.86 / Weight) x 354 592 0.0014
Lake Class
3 -5.06 / -0.15 /
Linear log(Hg) ~ log(Body
T & 2 Weight) + Lake Class + _ log(Fish
Mixed-Effect Individual (Iog(Body Weight) | Lake 4.82 0.53 / | Weight) 1,444 47073 < 0.0001 0.44
Model D)
15 -2.66 / / / Lake Class 3,616 0.86 0.46
2 -2.44 / / /
3 -2.55 / / /
Linear log(Hg) ~ Fish Length *
Mixed-Effect  Individual Lake Class + (Fish 1 -3.52 / 0.0049 | Fish Length 1,532 43585 < 0.0001 0.49
Model Length| Lake ID)
15 =271 / 0.0024 / Lake Class 3,524 008 0.97
Fish Length x
2 -3.08 / 0.0032 / Lake Class 3,519 504 0.0040
3 -2.56 () 0.0021 /
Linear log(Hg) ~ Fish Length *
Mixed-Effect Individual Lake Class + DOC + 1 -4.25 / 0.0051 0.3 Fishlength 1668 489.93 < 0.0001 0.59
Model (Fish Length| Lake ID)
15 -3.41 / 0.0036 / LakeClass 3,657 378 0.014
2 -374 / 0.0045 / DocC 1742 3539 < 0.0001
3 -337 / 00033 | fishlengthx 545, 597 0.0012

Lake Class

Examples for how to estimate [Hg] for specific Lakes Classes from the following statistical analyses:

ANOVA, Class 1: Hg = exp(-1.53)

ANCOVA, Class 2: Hg = exp(-6.37 + 0.73*log(Mean Weight)

LMM, Lake Class * Ind. Length, Class 1.5: Hg = exp(-2.71 + 0.0024*Ind. Length)

LMM, Lake Class * Ind. Length + DOC, Class 3: Hg = exp(-3.37 + 0.0033*Ind. Length + 0.13*DOC)

T These models should NOT be used for predicting Lake Trout Hg concentrations. Lake-wide Hg and body size averages disregard important individual-level variation
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Lake name Latitude Longitude Surface area(ha) Max. depth (m) Mean weight (g) Mean [Hg] (pg/g) Sample size

Bear
Beaver
Blue
Big Porcupine
Blue Chalk
Bluesucker
Bonnechere
Camp
Canisbay
Center
Eels
Fletcher
Iron
Kimball
Kukagami
Laundrie
Livingstone
Louisa
Mccraney
Mcfadden
Mcgarvey
Miskwabi
Nunikani
Pedro
Percy
Pilgrim
Red Chalk
Red Pine
Regan
Round Island
Saymo
Seagram
Silent
Slipper

St. Peter

45,333
47.950
49.167
45.450
45.200
47.167
45.467
45.433
45.567
45,017
44,900
45.350
47.067
45.350
46.733
4717
45.367
45.467
45.567
45.333
45.433
45.050
45.200
46.917
45.200
47183
45183
45.200
47.233
45.733
46.983
47100
44917

45.283

45317 -78.033

-78.700
-80.850
-81.250
-78.617
-78.933
-80.617
-78.583
-78.917
-78.583
-78.050
-78.133
-78.683
-79.917
-78.683
-80.550
-80.867
-78.717

-78.483
-78.900
-78.850
-78.667
-78.317
-78.367
-80.533
-78.367
-80.683
-78.950
-78.700
-80.833
-78.200
-83.517
-80.533
-78.067
-78.700

95.0

235.0
50.0
144.0
104.0
189.0
152.0
144.0
945.0

212.0

212.0

374.0
189.0
490.0
361.0
54.0
700
264.0
596.0
64.0
596.0
123.0
58.0
380.0
122.0

166.0

102.0

115.0

2301

36.6

317
22.0
214 i
220

7427

17.7
299 ;
67.1
270

67.1

204
36.6
61.0
61.3
305
20.0
44.2

1.0

25.0 '
32.0
415
38.0

17.0
19.0
231

34.0

58.1

402
109
a10
a10
1309
1275
542
396
1440
1325
488
690
426
690
779
324
1392
540
505
201
2533
867
502
782
502
383
1195
805
463
973
833
706
1018

387

858

776

0.28
0.05
0.18
0.18
0.24
0.23
0.33
0.15
0.64
0.49
0.09
0.32
0.03
0.32
0.05
014
0.38
0.44
0.35
0.8
0.35
013
0.39
0.03
0.39
0.06
0.22
0.8
0.04
0.54
0.39
0.15
0.24
0.5
0.43

0.25

22
49
24
24

36
44
36
24
109
22
30

Y2 NLIK 2 YS{iN.

f11
S& | NB
FyR | 3

aLJt {0 YNRIS YR Al
aa ™

Sa

LINF
O:
|



Lake class

RN NN

L)

Arithmetic Mean

Lake name
Bark
Bella

Bending
Caribou
Carson/Stubb
Como
Drag
Fernow

Greenwater
Harp

Kamaniskeg

Kawagama

Koshlong
Lamuir
Lavieille
Limerick
Littlehawk
Mckay
Opeongo
Oxtogue
Papineau
Peshu
Pedstone
Round
Shakwa
Sherborne

Smoke

Latitude Longitude Surface area (ha) Max. depth (m) Mean weight (g) Mean [Hg] (ng/g) Sample size

45.450
45.433
49.317
45933
45500
47917
45.067
49.917
48.567
45.383
45.417
45.300
44.967
45.833
45.850
44,883
45.150
49.617
45.700
45.367
45.350
46.967
45183
45633
46.767
45183
45.5617

-77.850
-79.033
-92.133
-80.067
-77.750
-83.500
-78.383
-86.083
-90.433
-79.117
-77.683
-78.750
-78.483
-78.583
-78.233
-77.617
-78.717
-86.417
-78.383
-78.917
-77.817
-83.133
-78.700
=77.500
-81.983
-78.783
-78.683

3,792.0
328.0
1,137.0

529.0

1,596.0
9120
688.0

3,340.0

72.0

2,909.0

2,819.0
401.0
757.0

2,428.0
829.0
343.0
139.0

5,158.0
250.0
792.0
389.0

875
40.0
45.8
59.5

26.0
55.0
38.0
54.9
33.0
40.0
73.2
427
39.3
48.8
30.0
93.0
48.8
49.4
26.8
61.0
50.6
824
54.9
275

- T .

2,788.0 153
3,532.0 0.55
1,565.0 0.67
1,488.0 0.51
1,636.0 0.57
3,797.0 1.29
367.0 0.14
1,364.0 0.39
1,216.0 0.34
621.0 0.88
36130 0.96
485.0 047
1,818.0 0.91
2,028.0 0.50
2,273.0 1.04
19220 0.63
9310 0.33
1,234.0 0.41
1,107.0 0.50
2,812.0 161
583.0 0.51
72.0 0.16
567.0 0.24
2,578.0 1.40
75.0 0.04
5,907.7 0.18
1,011 0.30
1,498.7 076
"""" 17461 063

30
31
20
17
15
15
1
21
24
18
10
29
30

15
16
16
19

13
16
39
a
20
M
10

20



Lake class Lake name Latitude Longitude Surface area (ha) Max. depth (m) Mean weight (g) Mean [Hg] (ng/g) Sample size

3 Aegean 50.817 -94.800 482.0 59.0 1,913.0 132 18
3 Bear 46.200 -81.450 683.0 366 ! 2,001.0 0.23 16
3 Bernard 45750 -79.383 2,058.0 479 : 2,423.0 0.67 32
3 Boshkung  45.067 -78.733 716.0 711 ' 11610 0.44 20
3 Charleston 44533 -76.000 2,519.0 915 l 966.0 0.36 15
3 Delaney 50.083 -94.050 1,282.0 814 g 1,880.0 0.27 N
3 Eden 50667 -94.983 489.0 246 ' 1,343.0 0.33 39
3 Fairy 45333 -79.83 7120 69.5 l 4,163.0 2.68 28
3 Gillies 45200 -81.350 2280 34.0 ' 170.0 0.7 16
3 Gooseneck  50.033 -94.800 172.0 29.9 : 2,126.0 0.73 3
3 Hawley 54500 -84.650 1,235.0 54.0 ; 1,081.0 0.38 15
3 Joseph 45167 -79.733 4,268.0 90.0 ' 2,205.0 0.35 25
3 Kioshkokwi ~ 46.083 -78.883 1127.0 458 : 1173.0 1.25 10
3 Lake Of Bays 45.250 -79.067 6,105.0 53.0 : 3,280.0 1.07 58
3 Larder 48.083 -79.633 3,704.0 335 ' 1,3561.0 0.35 10
3 Loughborough 44.450 -76.417 10,166.0 34.0 ! 2,821.0 0.36 26
3 Mazinaw 44833 -77.200 1,5672.0 136.0 I 1,591.0 122 21
3 Mccarroll 46.433 -83.933 198.0 336 ' 1,242.0 0.56 12
3 Miskokway 45650 -80.233 238.0 41.2 l 787.0 0.72 28
3 Muskoka 45000 -79.500 12,215.0 66.5 ' 2,947.0 1.97 83
3 Muskrat 45667 -76.917 1,202.0 64.0 : 2,617.0 0.58 19
3 Quetico 48567 -91.917 426 61.0 : 1,632.0 0.67 17
3 Raven 48.050 -79.550 617.0 46.9 ' 1,381.0 0.62 12
3 Rosseau 45167 -79.583 6,374.0 90.0 ' 2,027.0 0.86 44
3 Snook 50.200 -94.683 263.0 372 ' 1,316.0 0.80 7
3 Sutton 54250 -84.733 3,764.0 820 I 1,403.0 1.00 15
3 Trout 45583 -80.167 290.0 37.2 : 1,349.0 0.36 21
3 Trout 46.300 -79.333 1,675.0 69.2 ' 5,331.0 0.96 22
3 Trout 46.217 -80.583 930.0 36.6 ! 1,932.0 0.55 1"
3 Trout 50.233 -94.900 110.0 34.8 : 2,1562.0 0.65 16
3 Twelve Mile  45.017  -78.717 3370 275 I 740.0 0.36 20
3 Vernon 45333 -79.283 1,506.0 375 ! 3,129.0 3.94 36
3 Wilson 50500 -95.033 312.0 42.7 :' 912.0 0.90 13
Adthmetic Mean 2082 sas | sess  osa %
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Surface Max. DOC  Tot. dissolved P Mean length Mean Mean [Hg] Sample
Lakeclass Lakename Latitude Longitude area(ha) depth(m) (mg/L) (ng/L) (mm) weight (g) (ng/g) size
1 223 49698 -93.708 27.00 14.00 427 2558 i 38026 656.48 0.41 31
1
1 260 49697 -93.767 34.00 14.00 5.10 273 | 39105 626.05 0.34 21
]
1 382 49705 -93678 37.00 13.00 7.35 262 i 33040 37275 0.38 20
1
1 626 49753 -93.795 25.90 13.20 5.29 267 | 43195 813.84 0.30 38
]
1 Cliff Lake ~ 49.042 -88.778 4110 12.00 470 430 i 55035 1,599.06 0.38 17
1
1 Fletcher 45354 -78784 26910 2130 420 7.30 {30070 330.00 0.06 20
i
1 K"L';’I‘(':'S 45214 -78636 144670 73.20 3.00 4.40 i 368.09 535.78 013 32
i
1 Rel_‘; E'e"e 45204 -78702 394.60 40.00 350 6.20 i 42060 986.93 0.22 42
i
1 Sherborne 45178 78791 i 44467 1,373.50 0.34 6
Lake ;
1
1 walf:::ag 48247 -80556  2,043.10 36.60 6.25 1.35 | 546.44 1,939.12 0.51 34
.............................................................................................................................. ;...._._..-..
Arithmetic H
479.83 26.37 485 491 i 41735 923.35 0.31 26
Mean H
Lake Surface area Max. DoC Tot. dissolved P Mean length Mean Mean [Hg] Sample
Lake class name Latitude Longitude (ha) depth (m) (mgjL) (ng/L) (mm) weight (g) (ng/g) size
15 224 49691 -93716 26.00 27.00 312 285 | 36179 460.76 0.29 m
]
15 373 49744  -93.800 27.00 21.00 3.97 416 i 37236 500.81 031 a7
1
15 375 49746 -93787 19.00 27.00 6.21 3.98 i 38717 44628 0.34 65
i
15 442 49776  -93817 16.00 18.00 6.39 294 i 31648 336.22 0.37 27
1
Burchell H
15 L 48583 -90627 104490 74.70 490 310 i 48856 1,106.78 052 a
i
15 Crylake 49926 -89.016 244.90 4760 2.40 13.10 i 48137 90198 0.29 a3
1
Grouse -
15 ke 48543 -90545 86.90 38.40 430 890 i 53964 1,481.29 0.34 14
i
15 North Lake 48122 -90525 105370 36.00 3.30 13.60 i 49080 1,102.50 019 20
1
15 Sﬁgi‘:“ 48516 -90.557 369.60 3360 3.90 9.30 | 50231 1,308.73 0.19 26
i
15 Wf;ﬁ’::a 49.045 -89.074 93.90 23.00 6.05 4.30 | 39376 504.18 0.46 as
............................................................................................................................. +___
A"r:f'l:::m 298.19 34.63 445 662 {43142 81495 0.33 a4



Surfacearea  Max. DOC  Tot. dissolved P Mean length Mean Mean [Hg] Sample

Lake class Lake name Latitude Longitude (ha) depth (m) (mgjL) (ng/L) (mm) weight (g) (na/g) size
2 AylenLake 45618 -77.856  2,104.60 6710 345 385 560.58 2,11077 0.82 a8
2 Bark Lake 45455 -77.849  4,024.40 8750 480 705 I 46713 1,138.04 051 23
2 BellaLake 45444 -79.031 356.90 36.60 270 720 49855 1,136.68 0.23 31
2 BT_’;‘:‘(ZQ 49326 -92153 114710 45.80 8.00 590 615.80 1,973.00 0.80 10
2 EelsLake 44895 -78140  942.00 29.90 480 7.30 i 57455 2,480.91 102 n
2 ET:;:’“ 46916 -80.323 581.00 48.80 225 3.40 45156 936.52 018 50
2 Ka‘t:ﬁ:"“ 45299 -78753 314990 77.00 320 360 467.35 937.30 0.38 37
2 Kimball Lake 45342 -78.676 216,50 6710 330 550 i 34067 34748 0.26 21
2 M"ﬁ":ie 45365 -78.020 31350 27.40 5.75 8.25 622.78 2,565.33 166 9
2 0‘7_‘:‘;(';9" 45756 -78.353  5,154.20 49.40 516.39 1,376.86 0.57 51
2 “el‘_’;‘(‘:‘e 45184 -78536  1,178.20 80.50 3.80 460 40062 949.90 0.20 40
2 Smoke Lake 45510  -78.681 663.10 43.30 444,92 94019 0.28 26

A’ﬂ‘gﬁ“c 1,652.62 5603 4.20 5.46 i 49749 1,407.75 0.58 30

N N



Surface area Max. poc Tot. dissolved length Mean Mean [Hg] Sample
Lake class Lake name Latitude Longitude (ha) depth (m) (mgjL) P (pg/L) (mm) weight (g) (ngla) size
3 239 49663 -93723 54.00 30.00 6.48 310 559.60 1,675.70 071 20
3 468 49679 -93736 301.00 29.00 404.57 756.83 0.43 28
3 Arrowlake 48159 -90.265  3,234.40 54.90 295 5.05 553.78 1,624.02 0.39 a5
3 Bigl_si';m" 44538 -76.500 148.20 42.40 463.79 980.00 0.28 14
3 BlackSWrgeon 49368 -88872 487440 5240 106 6.35 73021 371396 142 28
3 CarlingLake 50622 -91280  1,555.60 4090  12.35 1.60 600.06 1,902.67 058 18
3 C'e‘:_’ aﬁ(‘:“m 46098  -79.781 264.70 40.00 440 7.00 361.06 47072 025 36
3 Crystal Lake ~ 48708  -91.278 623.90 47.00 260 490 504.00 1,212.10 0.28 30
3 Eva Lake 48717  -91160  1,726.20 54.90 7.30 12.65 600.64 2,247.40 050 25
3 Indian Lake ~ 49548 -91666  4,000.10 36.00 5.30 895 79280  5828.00 078 5
3 Kasﬁ:::“'ie 48719 -90394  2,163.30 3500 1055 865 554,00 1,597.00 071 2
3 Lake Bernard 45739  -79.385  2,088.70 47.90 337 10.87 587.86 2,423.43 037 7
3 Lake Joseph 45174  -79724 516710 92.00 296 565 510.23 1,478.81 032 69
3 Lake Manitou 45778 -81983  10,588.40 4910 430 5.20 i 60291 213016 018 32
1
3 Lake Muskoka 45024 -79.477  12,03600 6650 430 750 | 527.48 1,625.04 0,60 25
3 Lake Rosseau 45174 -79598  6,297.40 89.00 380 552 493.22 1,41569 057 58
3 Lake Temagami 46.989 -80.070 2071410 7590 295 4.80 574.41 2,343.40 033 68
3 Larder Lake 48085 -79642 371110 3350 570 830 41952 643.87 0.34 67
3 longlake 49475 -86.891 1349860  186.10 975 10.65 762.24 4,577.49 1.40 37
3 '-°“f'a‘fgged 50784 -94175  6,760.30 35.40 885 19.60 596.27 1,997.41 1.04 22
3 Lover ::::"“"“ 49278 -92948 887170 81.00 530 5.95 56840  1739.32 0.44 25
3 Ma”l‘*aif;"’ess 49551 -91825 524200 50.00 2.90 5.25 56365  2,032.40 053 65
3 Muskrat Lake 45675 -76.908  1,215.40 64.00 6.90 39.60 50171 1,684.90 043 21
3 Pickerel Lake 48634 -91.372 535570 74,70 660 6.75 i 578.00 176812 0,65 25
1
3 RoundLake 45641 -77529  2,969.70 54.90 575 765 | 66374 3,639.31 076 35
3 Savantlake 50482 -90.427  12,52400  53.00 755 6.00 59960  2,058.40 081 10
3 SkeletonLake 45251 -79.453  2,115.00 61.00 170 270 504.42 1,166.58 037 38
1
3 Sturgeon Lake 49927 -90.897 2404780 9300 6.05 6.50 i 59913 1,89873 082 15
1
3 TitmarshLake  48.355 -90530  968.30 49.40 6.15 570 544,68 1,616.04 079 76
3 TroutLake 51199 -93.309 3451820  47.30 450 550 677.64 2,918.21 092 39
3 Troutlake 46319 -79.337 188470 69.20 310 510 51951 1,420.84 0.35 a3
3 Tw"'l_";ﬁ e”"'e 45025 -78705 355.20 27.50 330 5.35 45569 999.31 031 32
Arithmetic H
e 6,246.10 5822 563 8.28 {56171 1987.06 058 33

N N
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