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Abstract

Spatial trends in | evels of biomagni fyi
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as inform efforts to control contaminant r
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I begvian idyat i ng the wuse of eggs as a matri
through an experi ment al | aboratory study.
wild gull €eggs coll ect edd egtr etewwe |CABes egisti eau dle
|l evel s of biomagnifying contaminaahésletaneb
apply antionnopoamidd spect fiogetsopach| &C881 A i € o ( A

generatp@ogdirtoiplimcadj usted mersauurtfadrl eedpbsi t

compar §gpanisal di fferences in egg mercury |
observed at sites in receMyvirreg evaatcerr 9 eanfo ntst
utility -@OSI At haepphAMdach i n enhancinftgamoaoantab

monitoring data collected through biomonit
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CHAPTER ONE

GENERAL I NTRODUCTI ON



Gener al l ntroducti on

MercuryysPandwdoxi col ogy

Environmental contaminants, which can b
may cause adverse effects in organisms 1in
1992Wol fe)et alnders%8 ndi ng utrrean opcemutch fcateer
organi sms ar e fundament al gMalrc ury edolt 0
bi oaccumul ating and biomagnifying contamin
potent neurotoxin (Clarksonwilb@R)fandavcenc
|l evel s high enough to invoke human consump
Hea,l th00Gui de t o Shadkritaly, O20 A6 ) o

Mercury is a naturally occurring heavy
t hrboumgat ur al processes, mai nly volcanic er|
product from anthropogenic activities incl
and cement and steel production (rSeliinn i2t0s0
el ement al gaseous form (Hg(O0)), it gets ci
Asia contributes roughly 50% of gl obal atm
f or -bcacseeld el ectricity is stidcynanet hal riza@l
at mosphere is an important vecfohr dedermoare
Munt he) .199®8i ven the |l ong residence time of
circulation of air mas ses, kHgl odneeptorseist i aowa yr
sources (Jaffe and Strode 2008). Wit hin
ant hhropogecosbobatembs$ietoos dHggn 0 § iac eroengligonnal s c al

2012) . Deposition occurso adg((ellle)ymemy ap h onte



processes in the atmosphere and precipitat
2009) . Once i norgeuadddi camedamaeatehi ¢ condi
reducing bacteria to oegdgitoe neh eh yt|NMmdrgof uorryme
enhanced bacteri al acti vi tayv ea nbde esnu bosbesgeurevnet
| owamkd hi gh | evel scafb@hlisrsiod lvekdé¢ wlayg.afn@@idd d
organic MeHg bitoacuemyidesabtneds biino mageaadh es v

subsequentftbaedelching highest concentratio

its inorganic for ms, MeHg is readily abso
documented reproductgiwveal baenhda vp hoysriadl, o gn ecuar
wildlife @lnar huowahdErg2t al . 1998) .

The ecot oMe dwd o glyeeorf studied in a vari e
field studies using | arge sample®sare I bomi
MeHg in wildlife and humans is through di e
MeHg is readily absorbed in the digestive
is transported throughout thagrhapy a8 Pprod
(Clarkson 1M&Bgeadidrygamriaccsses theaphabant a
I n birds, the embryo appears to be the | ife
being readily transf erergegcs f(rEovne rlsalAyeiknega hfaenn2a@
al . )201@eMaternally deposited Hg is predomin
and Ho20Dmdnhn MeHg may i mpaiembreyamida cuii aon
eggshell thicknessgelrctut ¢lscbeubkamvalgnetst a
concenitbaeggasoci atmpdiwietdh @arad cdhralbn yonniyc mo

wef®eund to be >1 Og/ g wetOgweg gdiBtyh@neh ayphphre o x



et al.Th20®7) s evidemkrdattiooesupgeopiheci yeradus
waterbirds have higher MeHg texresemgpdtthmimve gt
to Hg could refl ecatt i anng ad a pdtsa ttioo na noefl i foirsaht e

stemmi ng dfireadnmarhyi gghx posur e.

Geographic Area of I nterest
Mercury concentrations in the environme
matrices including: air (gaseous or partic

organic and i nosguaeashkdotsptexligasn) camMeHg) ( NCP

to its bioaccumul ati M@ eavred sbiaomagmiefaytiersd n:
predator s. RRisomaghiohyemghanoé | nabighaires ¢
trophic Ievoerlldse neargeofseude hi gher than at | o

water or sedi ments KHdNocehcemweederalnss 1@7i81y
producéns eammpherease SpPrias d alclt. Egtgsd |0.T 02 0
col oni arldswaatreer briel i abl e i ndi cthgamrds hafvee bwie
successfully used in mariArectm®cacaned WMdgspr o
Canada ( B®RrOde8ss Betauale. et al . )aG1lwe nEltlhigot t
Laurentian Great Lakes (Weseloh et al . 20
regarding sHhgohaentrendsensnin waterbirds ne
parts ofNoCamada. Al berta iIs a regirmnal atfi vpeal
recent development of the At habasca Oil Sa
north of Fort McMur r ayt haanbda sucpas tDeelatna ,o0 ft h ehsee

the third | argest proven resealves2010)kr ud@E@c



scale devel opment began in 1967 and has gt
2012 Despite the recent | ower oil price e
around Foradai IMcpMuao ¢ wgt i oanc hi s3 .etx preirclelleisio b ®r r @
the ye@RCAN3Q014; EARPB22D36

Particul ar concern centres ondetr heed xt
contaminants downstream and downwind of t
includi ceAtthtabaBea Delta (PAD). Wi th its
|l andscape, the PAD offers refuge to an abu
addition to its resndenmnd mosdli mport aet reag
andgmat osiyn aCeaemad a, hosting the only breed

Whoopi ngGrCusasanamé KuganalBO9B8t erworth t3002col ©

significance as the | argest boreal del ta i
Wetdl amf I nternational Significance (Ramsar
central feature of Wood Buffalo National P
it as a Canadian ecosystem of internationa

The futurevheahméntald €®wmstainability of
been of increasing concern with regard to
groups in particular have been calling for
which theynfadif el &®ldddtyr ihcydamd oi | sands d
2014) . Contamination of water and wildlif
way of |l i fe which is critical to supportin

Firati Nn@adrsd pMdbNpH SeGO/ | UCN 2017)



Environment al |l evel s of Hg in northern
abiotic matricesmekhsivedi asluskndpes wewn oi l
and increabged t beekdowhwinmeénof i ndustri al
al . 2010; Kirk et al . 2014) ; ot her studi e
at mospheric trarmsepadrvted ofcowmi & mi snaamd ss ( Wi ki
Il nformation from bi o efdocr iHigdiftecrBghmachss aercthaTal

2012; -thebredrst et atthowlkPhM 1st RdDil8gedcdh avki bgent

ot her i ndustri al air contami nant sMairnt itnheazt |
et al.. 2014)
The PAtahceeba Delta i s a complex ecosystem

and sedi ment deposiTthieo nAtohfa btawsoc amaRiovre rr iivse re
of water and sediment to the PABT hpiomaaay
in term$abfingepossible riverine transport

previously suggested that the At habasca Ri

environment al contaminants to dlowntshe eBenad
Ri vee s eMgHg baseline «amncmautsrr(atwa oenrs, isnedi m
invertebrates, fish) ar i taemo@ g Emn nier d nomeerstt
St at e me)n.t 2BdBever, current |l and wuse, esp

reservoi re, deawmdl ofpunteust werldj eacst sgeol ogy of

watermoeydi nfl uence inorganic and organic

At habasca and warrants furthesamphiesoring
Spati al pattemrgisc oonft abmionmaangtnsi fnyay r ef | ec

but they may al so be affect edqglbiyo avvaariiloaubsi |c



across | Bndscapseswork | inked Il atitude with
aqguatic food IlwebXx0OMh8LEa.vion et reaMdadigisy , n otr graea a i
excreted. Il t s tendency t o buil d up i n
(bi oaccumul atfi wlnl)owienag st rtobpdhtel ch ii gnhteesrta cd 0 rome
occur in uppeironmagonpihfiicc ateivoenl)s. ( bBasaldy sp®n
Lavoie et al. H@QJ3Inagsnuggecsatteado nt hmeaty be gr e

Their study hypot hersalzaetde d/ afrd otusr & etmpatr ad at

t his Ilattirteunddi niancl udi ng s | owelpge xrcarteetsi oonf rgarto
aqguati c aotrogladneirs mise mper atur es, resulHtgimg i n
ti ssues. Furthermore, simpler food webs
hgher trophic | evel consumers increasing Hi

(Lavoie eltt aHdsswe@01pf)eviously noted that hi
foari rborne volatilwearcioot f ma tnmao $pgrhoécteirses Lemgih g rsal
as fphasshowmpwWane&dfantd Mackay 1996) .

Transport HJf remerdaemgeal or Imagalpl sagurac erso |

regul ating i ts environment al bi oavail abi l
met hyl ati oneramee®rwané mban inorganic Hg |
MeHg expos$¥met hEagl ead . 2 rli6ec)h., alracceroborcga

sulrfeuduci ng bacteria medi at élgttoh eo rMgeadngi scf or m
Hi gher met Hyiln&kteidon or eetnehsanced bacteri al act
l ow pH and high | ecvalptbfrdcbhsetvald. organ
particularly i mportant site for MeHg produ

rates dohsnerwaer i ous wetl and ecosystems, i nc



1994) and tropical floodpltg nsr driichz airm e he

At habasca Deltanmay ohbeen éffalveoct badbgingett ihgyd sat i on

t o ematger degree than Hg transport in that r
To investigate spati al patterns of Hg i1
gul | specidesngf comhobires Hegmeteedl at ohgdian all4

Al bert a, SaskatchHewanfTameh@ SMReIht twerdtuct i ng
spati al compari sons, it becomes I mportant

trophic position across sites. For exampl
fish avai ltarbdailnead/, itshecyonwi | | consume a va
terrestrial prey and anthropogenic food so
di et composition will affect the trophic p

t o biiofnyaignng cont aminants and resultant dep

routine method to assess dietary influence
stable nitrogen isotopes.
Techniques in Stable Nitrogen | sotope Al

St abl e imsiottaooapgedydd ia’\d of bullbuti sslug use

evaluate organism trophic position (Kelly
el ements can occur-riamivacitove ,stf @ablmes, iore.
t hembneur of neutrons in the nucl eus. Becau
charge, isotopes of the same el ement are ct
di fferent enough for i sotopic fracEbonatic
exampl e, duringe .wmrsitce acriod uicn i*dlnr ¢}t opke i



preferentially ex'Nistedpwhilseprkeéeheaviart I

to a predviicsttablnersetasspeg i n t he irsattiop eo fwi tt the i |

trophic level. Nitrogen isotop@!Nlwittah ar e

delta values calculated according to the f
d'N(a)[ GRnf1eRndaklk * 1000

where R is the ratio of the heavy to |igh

material, i.e. atmospheri¢.nitmddjemep@Bdwso

i ncr3daasveée t h each trophic transfer (Petersor

gr eatNewral ues are expected to be found in e
trophic positions. Howgerr j sepapeabadieffoe
with the nitrogen being incorporated into

obuldiN(ioed#Nvalue generated Wholime tstaenpsheal y
val ues across diatobdluoakglFiomg ekxaapher,s col | e«
Canada exhibitedval wiede)(rdmpde eofhaving si mi
behaviours (Hebert and Wassendaffeoemhyres TIF
a variety of aggrliacnud twsaea t a gtribcieti iea@s S oOUT C ¢
acrossdMNMasesciated with natural fertilizer
hi gher val ues compared t o synt hetic fer
Ant hropogeni c angiutartoi gce ne ceonstyesrtienngs as runof f
complicates the use of stable nitrogen iso
sites due to phytoplankton community comp:
transf or mastei onnutafi enth s (Al tabet 2001; Kar s

2009) . Spatial differences or tempor al s h



nitrogen incorporated into the base of f oc
thereé ocensi dered (Post 2002). d'Nvhailsueiss ionf
primary invertebrateeedinsgmmol, usush( @asbdn
1994) or by examining stomach contents of
mehtods come with their own sets of | imitat
web conmbhbedt¢twieeint pri mary consumeys mhgd Dopyp
snapshot of an organi s m'dsNvdail eute.s aAles euepirnogb
in archived s aripd sealf idfiooer s waehip Icdhs naar e avail at
situation, other medNodbsuésrmassebsingebas

To circumvents tlheuséedoaenawesluemet hod f or
and tr pphlfiNtviadrues from indivi dusapesiafmpd est a

ni triosgoetnope analysis of-CiShdi viadm anlor Aafgii ndos ac

retain isotopic signatures found at the ba
udergo minimal transamination/ deamination i
evaluating isotopic baselines (Chikaraishi

i sotope fractionation and are usedhifoet def
al . 2009) . These differences among AA hayv

taMax Cl el l and and Montoya 20M2Ca€hhlaeai ahi

Bradley et al . 2)0,15i;ncNiuvedisregai@ior8thsMa(h 280268t
al . 2015, Helbestpi et ahe -@Q8BH0LA)dyprodadtheaAAo
the above studies, iIts application i n envirt

My wpr&vides the firste auxdanrpltey dd md rhg tsr atnial

evaluating spati al trends in Hg | evels in

10



Current Study

My wor k focuses on using colonial water
oHgavailability in thetwablvdogmeesi.n IASabmepr|te
Saskatchewan, and NortHAwwegl afitgudido &ind s, wse
coll ected and analyzed for total Hg . Thes
egg Hg Iteevxeplsoraefdpotseri Pl regul ating these pa
wat er shed Liomgfilsudmcads .i ssues required me to
similar times, even though breeding would

For thi sgsr enaesroen ,ategdi fferent stabese¢eher eéncot

degree to which stage of i ncubation may h:
study.

I n Chapter 2, I describe the wutility o
envimeahal contaminant s. I address a numbe
which gul | €eggs are an appremriadt ec omd tamii x
avail dbiplaiyt yp.articular attention to deter mi
on e&Hggoncentratli omscomplish this by conduc

expersimeninmjected chicken eggs awmidt hara i Kn aw
i ncubated tphreorc d shEkehldegpg and o n p etelpeareampl es f o
anasysi Finally, I c comd utchtee ddt ahidepet eHbgn ad n aWi Y di
Research Nt Otet Aawa r esuldrimsgedd attoa dwet er mi
influence of stage of incubatiantbonddchawe
al seoved op and evaluate a method for adj ust

devel opmemtoriphooée dbgo cafl ipradiawied eals eggs.

11



Chapter 3 focuses on eWHal awdlingasypadd ad
sites in Al mewrrt a,ndSdaok d thaviecesosd | Teecrtreidt owiileds .g u
field, processacnendba&p ewlgatceodntiemdisv ifdoura | an
i sotopelanbbypsttwenddgtaemdal FeeseataBN¥®WRCat ed i
s ampweergseb mi foredcd t abl e itstoheo p@.Hanahyktkbdboer at ol
University @efxat tnewa.el ati onships between e
as the i1impact of trophic position oB spat.i
l aer by app!l ywiormp osupnaedesidfaidit tedioggetnope anal ysi
CSI AGo.mpos pe csitfaibcl e am & loyassipogen d uacttheéésh i ver si ty

Hawaisi ng poelledprseasmepite a det ai-CBdAdapporopch

its wutility and drawbacks. The results of
of latitudinal trends, proximity to Hg sou
Chapter 4 provides an integratdi wevedmnma

of the work presented here. -CFIluA,urpeardtiircewlte

t he cont emxne ndfal e cwinrn ainm ntamd so irje sdccegrcciss § @ @) i

12



1 - Langdon Reservair 7 - Egg Is, Lake Athabasca

1 = Miquelon Lake E = Eastern Lake Athabascs

F-LaclaBiche 9 - Rocky Island Lake L

4 - Preston Lake 10- BistchoLake Daring Lake
5 = NamurLake 11 - Great Slave Lake .

6 - Mamawilake 12 - Daring Lake

North Arm; Great Slave Lake
e
1 Q1‘!31I-.'.u.u'.rkl_ﬂi_i;u",.' .
Bistcho Lake [
©
Rocky Island Lake
°®

Egglisland o ®
a9 o

: e Eastern
Mamawi Lake =™ Lake Athabasca
Namur Lake
® .Prestan Lake
Fort Ml:Murray'

Pelican Island, Lac La Biche
™

Edmonton ® Miquelon Lake
®

Langdon Reservoir

Calgary e o
0 105 210 420 Kilometers
I T .

FigureGali eggs were coll ect ed@ inumbGkIl4edadd
spanning a 14 degSeeplasi fudmnahegeadi ¢eert

spati al patterns in egg mercury | evel s.
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Tabl e $Sufmmary of coll ection sites with nu
incubati oagei st age ai edse vceoll dpence netdi taft eegapcrhe sss
as a proportion of the period necessary fo

are sppepaedHaerirci (MHERG@28 dayBi | Re(GURHF days,

Calrinfica(CBGMI = 2@i ddgsof North America, onli
Location|l Degree of Yealn Speci # Sampl Stage of In
201 15 0.25
l-Langdon Re 50.9 CAGU
201 15 0.13
) 201 15 0.60
2-Mi quel on L 53. 3 CAGU
201 15 0.79
CAGU 15 0.69
201
. HERG 15 0.58
3-Lac La Bic 54. 8
CAGU 15 0.74
201
HERG 15 0.74
201 15 0.18
4-Preston La 57. 4 RBGU
201 15 0.15
CAGU 15 0.59
201
HERG 10 0.56
5-Namur Lake 57.5
CAGU 15 N/ A
201
HERG 14 0.27
i 201 10 0.14
6-Ma mawi Lak 58. 6 RBGU
201 10 0.85
CAGU 10 0.68
201
7-Egg | s, 590 HERG 5 0.53
Lake At habas )0 CAGU 10 0.73
1
HERG 3 0.80
CAGU 14 0.23
201
8iEastern 59 2 HERG 17 0.69
Lake At habas ' CAGU 15 0. 38
201
HERG 15 0.66
201 9 0.54
9-Rocky I sl a 59. 2 HERG
201 9 0.31
CAGU 15 0.58
201
) HERG 15 0.43
10Bi stcho La 59.7
CAGU 15 0.30
201
HERG 15 0.23
201 14 0.69
1tGreat Sl av 62. 8 HERG
201 15 0.55
201 6 N/ A
l12Daring Lak 64.9 HERG
201 5 0.75
Tot al 43
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-

Ring-billed California Herring
Gull Gull Gull
RBGU CAGU HERG
FigureCal @ni al waterbird study species.
RBGURiIi g | | edaGubkl de) awarensi s

CAGUCal i forndarau Gud gl i(f or ni cus

HERGHer ri nlgarGwd larfgentafus smithsonianus
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CHAPTER TWO

uTl LI TY OF EGGS AS Bl Ol NDI CATORS
AND

I NFLUENCE OF STAGE OF DEVELOPMENT

ONEGG MERCOBNCENTRATI ONS
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B a

ntroducti on

Col oni al waterbirds ar e used as i ndi cat

=)

be

toroigm@enper(t et Balrgeb%9®t al . 2013; Br ¢
EIll i ott 20nleé)hiiiss Trheegcaorgdnt z €dtfyor sever al
wi del y diisvterdi mintde c,ollomn gl , omparfaonki
popul at ihtelr raisrstpsGursgirsns(at us )s mif tolms e x ia anp
b eseinn cues etdhse s1e9n7tOisnel s i n contsami haet n

t Lakes (Hebert et al . 1%99® ) dy nodmsii cngg

i ous organic envi mommnt gploddydleinuwtoalattos d g

c hdariibreantzeod ur ans, kingh dproyblegse n|l @®@rsit matl e & h
Hebgeonh €t. alFurlsh®domo rpehehdm trorrses pect i\
, gul | s are wuseful for assessing tre
ami nant s, suAdv erss emerrecprr oyd u(cHgi)v.e ef f ec
sure have been observed ien 1@WOI8t)i.p| eGitvae
i mpaired reproduction is a common t
sure in birds (Scheuhammer et al . 2007
environment al availabiltgy(®BYerHyg eatndal

rt et al. 2013).

l norganic Hg enters aquatic ecosystems

ct

eri al met hyl ation of Hg results in th

bi omagni fies, therebwimomaachinngt ohpi ghreesd a t coa

particular concern because it iIs a potent

(Clarkspn 1982mammal sul MéMdr Bl n dsnmoatkp sn go fa p
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compl ex that readielayi aogosoeactthemuplaacemt af
(Scheuhamme)y. etlmalbi 2dHD,7 pgagk afeeanoar etmpom
from adult females (Heinz 1979). siAn poogggd i v
antdhe interhayfiampaslseeshadfecorded for bird
feeding guiflidssingi b&Evedcsngt al . 2003; Acker
acquired through the diet of a | aying fem
2009b) , wirt hytlé mMaHg deposit eahdi Htod f mlaen
2004) . Controlled f@ealdimg galulus odwnme stthiia
transfer of dietary MeHg to eggs occurred

peaki ng i n tc odcheyeKnatimbaa m-Boifncnbal 19t Valr .itousss u e s

can be sampled to assess Hg content, i nc
(Scheuhammer et al. 2007); eggs have the ad
transporto, |ercd itomeihrasc a mi ni mal i mpact on
sacrifice of adul't birds. Her e, I out !l i ne
waterbird eggs to monitor pollutants in t
whetshtearge of i ncubation affects egg Hg | eve
adjusting Hg | evels for stage of devel opme

Gul | Eggs as Local Il ndi cator s

I n order to accurately assess spatial p
such ,as tHg s i mportant teggssbeédkbsdbucoase
is particularly 1 mportant for migrant bird

their overwintering grounds to thenrobreed
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contaminants is to compare iIsotopic signat
with breeding and wintering grouwndti ss ulehse
ulti mately represent those in)alhewirngliuwd st
evaluate the nutrient transfer in differen
endogenous (body reserves) and exdgpanous
reproduction. The common typolf@apdatnad t he
i nc obmeeedi ng. Capital breeding refers to

body of tdet hemal eeseeggsfarmatuisen; fiomc ome

recently ingested food fnorstegg df aremadtriveers Wi
Stephens et al. 2009) . Il n nature, these t\
actuagi sedsrfagdaleli ng comewheum Bétowgem t he t w
for exampl e, deposgdg flrigogmdisodyrtme ggrowe N gw
protein from increased dietary intake of i1
2007) . Gu lglns ctl yopsiecraltloy sahleiat agymeablk eeder |

nutrients to aegrbDidamonon2QBondHebert et al

Speci fic chemical tracers in the tissue
nutrients incorporated into i3 suespr éansdad
**6) are useful in discriminating between m
the |l arge dd$fvareaesebeiween these environm

This difference stems from diff etrhway ss uilrf u
continent al vegetation versus marine plank
are typically considered more useful than

known to migraatienebathwle ebra € a n dteebriporseetsant i on i

19



confounded by trophic fractionation (Hobso

proposed ainhd@sval d&fonyft hithg greater sug:q

on marine prey (Lott et al. 2003) . | sotop
down in colonial waterbirds and waders con
f ood sourfcoersmaftoironeag(gHobh 96, eRO®4A; Wloaas sem
Hobson 2004) . Given thatKadgbamn®noebaud idty dalr
1 919; Heinz et al. 2009b) and is derived fro
egg He lekely refl ect | ocal Hg availabil it
eggs collected from 12 gull col dldiegs ek oc a
l atitudinal gradient i n western Canada to
f ortma n . dhe sien fd@mgmaa tddi enggr etehet o whi ch gul |
bi oavailability of Hg at breeding col oni e

thought to ovemar wahsalr gmg mahhe | Fachiheci c@ast
(Birds of Nort@DuAmemgi ¢a,] aowd!| Mgy ati on and
freshwater/terrestrial food sourced$ As
Ssi gnhsitnureggs of gulls to reflect i sotope
obtained near their &®®r eadiureg dall dnings bwil tolw

mar et hreshol d of 10

Tot al Mercury vs Metmblyl mercury Concentr a
Organic MeHg, is retained within tissues:
ecotoxicology. Of ten, tot al mercury (THg,

used as a proxy for MeHg because ietssi s e
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expenksarvemyhiwsr @&pptoach i s appropriate as A
for 22 diffeoeat ®6%dokpelgi €én eggs was in

(Ackerman et al. 2013).

Laying Sequence
Therotocol foroffigeuld ceoggsecitnivoonnsved r and

egg from nests containing complete clutche

This was done systematically across all t h
to consi der-clpwtscsh bV a&r iianttircan i n egg Hg | ev
demonstrated that | aying order inf-#8%®nces
decline in egg Hg concentrations from firs

(Akear ok )et allh.i s20loul d have serious impl i«
programs that wuse coloni al waterbird eggs
spatial and temporal scal es. However, AcKk:¢
concaetnitorns came from between clutches, ratt
2016) . Further mor e, they conducted a col |
per c¢clutch) and found that, to be within
cocnent r,atiitonwsas suflfdi eiggrt ftoa @olclod omthy of 1
my study, 15 eggs wer e whoelrleevcereltialipllegr . (.pk c i
Since |l aying sequences were not akmewrs oanta btl i

approach in tmyi g efsatream wag.tihetr considered
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Stage of Devel opment

Coll ecting eggs from gull colonies al on:
ult i n samples being colFloacteexd ngptl ey, arliad
|l ections done around the same time may |
el oped than those from northern sites si
ven by photoperegd p6Sbgresdié896)hrohdghtd
er through porfdwsi memiarc a e souftl Htea hneg eigng sah €
egg maissce | boealhs &g pmoteissues are rep
t studiesncepbrateggsHgnca dry weight b
l e water diffusesemtut prodgrteises eesg gnatahses dder
hanged, |l eading to unbiased dry weight
ge.

However , mptthieonasosfu unchanging egg dry ma
sidering the physiology of a growing em

provide energy for the growing embryo w

duct . whobeg wnthhéeéhegg at the time of |
of the egg during incubation; as such,
a fraction of solids consumed. Conver
aclva ltricersul t s in a relatively constant rat

rse of development (Ar and Rahn 1980).

t-i mec Wdbati on as the metabolic rateé. of tF
0) . Changes in egg dry mass can theref
ressed on a dry weight basis i f eggs ar
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To test the degree to which chanbes 1in
t hroughout i ncubati on, | saendgctfedshhiporle
uni ncubat &d, | ubki gkad ) u@ gdgeme stli cduossed t he e
amount of MeHg, artificially incubadg etdo t he

examine possible changes in dry weight Hg

l ncubation Adjustment Factor

Given that egg dry mass changes through
samples across multi gloenceinthmasyt inadshesd eo na pdorr yo
To circumvent this issue, | examined the de
couwled used as a means foofr asdjaugset.ionfdl hengsgu aHag 1lc
i s based on the i niwhiiaclh sipse chiifgihc yg rcaovnisteyr voaf
species regardless of relative yol k conter
g/ 8mMRahn and Paganel | i 1989) . Hence, egg
the volume of °*zm ehoul d. avedacmass of 60
incubation (1:1 ratio). edg dcortudbratt 3 oma Pg 0\
resulting in an egg contents mass to volun
remains constaoubathiromgtwbute egg contents
possible to use the ratio of mass to egg Vv
investigate the wutility of an incubation at
vol ume tt ,egagdjdusy wei ght Hg concentrations f

One way to validate the use of the incul

of devel opment effects on egg Hg concentra
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this factonrcuadbmd ilkmo vt aige . Her e, I examin
from the 12 sites in western Canadeae.gg | us
consmeansts) to formulate the adjustment facto

i ncubtagen s

Met hods

Gul | Egg Coll ection and Processing

Eggs of Hebrarwmg &ruddnt(@at)ys Cami ff hs omiaa nG
cal i frnarBisRIli ey. Gdél g vavreegresicol | ected in 20
12 breeding colsknitedieiwandltmail eNeorritthewr i e s, S
degree | ati Ffugdgumal 1gQnaedieegngt Was col |l ected ¢
clutch of three eggs. A tot al of 15 eggs
(Tabl . 1. AWér egmarked in the field wi-th an
|l ined Pelican cases, and transported to En\y
Wil dlife ResearOth awant Can@MdWRC, All coll ec
aut horptgpypoiatae permitting agencies and An
were measured for physical parameters, [
maxi mum egg breadt h, and t Alken emsermeaada gien ol
devel opment eambds seguwerceomr ecorded at the ti me
contents (yolk and al bumen) were homogeni
chemically c¢clean techniques. Sampl es sho\
frozen in | dgpudver tcereydoeguesnminttl obamolglenat es we

aliquoteewwashed gcads and pol ysparnopp yelse noef ceoqg
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wei ghtt heeamen site and same species were us

samples we4dl® ptooedtatchemical anal ysi s.
Gul | Eggs as Local Il ndi cator s
Sul fur i sotope analysis was performed ¢

(Tabl pHPmMbgenates stored i n podrdiyepd ofpgyr eate Iv

hours using @ZbakbcéndtcotFee&zeeze MrrerezSeyst e

dried homogenates (~1 N 0.2 mg) from each

sul fur isotopfs menaad wrseemse mtess.e conducted at
(Waterl oo, Onuarng, c@aioavd arosaudsti ®p ema s s spect
(CFI RMS) . The CFIRMS sys-Eelmawkbemanteal aad
(Thermo El ectron Corporation, Mi | an, I'taly

were expressead(i mms barnedaartd vdee Itod | @aen yerf eDiea

mat eri al

Stage of Devel opment

I measured background | evels of THg in 1
t he Canadian Food I nspection Agency (Ottaw

To test t he degger eef tioncwhbiacthh oat aaf f ect ¢
concentrations, | conducted two controll ed
were procured from the Canadian Fmoiomde |laoafspe

these eggs were Ji albml ¢ haneéxpere meme¢lsude Eac
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candled to determine the | ocation of t he ¢

those of Heinz et al. (2006) with minor va
For experi merBt ealf,gsai asobeanare my sxerdal | hol e
drilled through the eggshel]l over the air

sample was admini stOéer enétdaryl|l engualurdosge | 9f cHhi
di met hyl, swHtih xe glignagpepcr eoixvi Gpa t cefl yMéldg s age

was based on a desirelglofig Hgompeentsatgi e go fw

detectability of Hg while remaining under
(Heinz et al. 2006 ;AlBtrRaqueeewaes wded 2t0d 2do v e |
all owing for free gas exchange. Eggs rest

all oWMgdtohsee t o diffuse through the egg cont
artifubandbrsi MRt édr@C danadt 6307 .86 5% rehategyge hi
turning frequency of 2 hours. The sampl e
assigned designated extr awteirodnygeadaasnee @ 0i, r 8d |
for compbat € onnof chicken eggs. Eggs wer e
assigned day, weighed and the contents ext
clean conditions. For epgge. attayal®ér deageg
caired out foll owing protocols sanctboe@eed by
t o i nfueprotni | o,pgnheagt ot avli aphpmlserwasf reduced
Homogeni zati-omyiamgl dfr eeg g dichoent ®ame afsed h moiwc
out Ifomegubhboeggs

For Hg contpemtoxanmealtyesliys ,20a mg of dried e

onto nickel boats and delivered by autosan
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Anal yzel2583AMAItec, Czech Republ deromposicthie
Foll owing decomposition, thepuresubdbxyggn viaq
amal gamator which sel ect Hgwaalsy rterl epmpsed H@p. t
Absorption Spectrometer f orlnedgegtse cta pomr onxei ans.
%% of tot al Hg is in the organic MeHg form
an effi-efefaetti cesway to assess MeHg | evels
involved the use of certTORFDOLZIef eMBACe ma
BCR63) and sampleoduaphimeatieeres THhHgall t he
within the concentration rlainngiets ooff detradtfiia
was QugbB'@ary weight).

Noparametric statistics were used to ex
on egg concentrationps d&i®pebomarami cerdef he
concentrations at speci-Walcl essttfaglels o whdadci my ub
compari son )oBfasneedanu proann ktishe results of this
experiment (O@aymAAyl0)8,was conducted wusing
descri bdd adldedphonl,ognteals gaergagmd eggt conwed
maj swere recorded. Differences in egg Hg
end (daysed@89gnadfexperi ment were tedtaed ewsitnc
t esltr) . addgigt ithgn ,déeha 6HSeocmnd experi ment were
incubation according to the following equa

Adjusted [Hg] = [Hg] x incubation

The cal culiemtciudbbmtfieom adj ustment factor i

with vol terde ucsalncgulaatf or mul a déwel echéed keyn Na
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Egg vol3me Q0cm25 Ol dndgitOM Ox wi dt h
Differences in adjusted H eshlslcesnttataitd toi

anal yses were conduct eXo futs,i n2g0 1S3t)a.t i sti ca Vi

I ncubati orFaAkdjourst ment
To validate the use of an adjustment f e
effects on egg Hg concentrations, I first

to incubation st@uyl!l usggpy daltlaedtreadn it me201-:

€eggs were opened, stage of devel opment, i
egg. Using these estimates, I calcul at ed
reached by indevidmal oeggbkeat coll ection.

estimated using viabléehemphyygos| ogadad ¢ ad o mt
were omitted. Samples with shel/l mol d or
onited asnwelltheyntedMidrhhavaes di ff usi on. |
durations for the study species: Her-ring G
Billed Gull (26 days) were taken from the
i ncaut i on adjustment factor was cal cul ated f

|l ncubation adjustment factor % egg cont
Egg volume was calculated using a formul a

Egg vol3me7r®@c@ enddt h/ x1 G0 @t h
Linear regression was used t o examine

adjustment factor and estimated stage of i
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Resul ts

Sul fur | sotopes

c*Svalupsol ed egg homogenates showed a r
wer e bal(foaw I1Jp0HR g veadtues wer e fwlulnflegpgms Beeatr
Sl ave Lak.e (Qowest values were f ofuabrdtihn sa
Cabr fGiud | (e@amwmnHler rilnge(E@PH pMean values at r e

sitasbetdweéePand asd. 2

Table &#81values in egg BEBG), oCaHefoingaGG

(CAG@Und -Bi hged Gull s (RBIGU) <iotlel encut nebde risn cX

t hosFda giumre 1. 1.

. Provi . “3 e rx

Site Terrid Degrees of Speci Bs@)
l-Langdon Rese AB 50. 9 CAGU 1.2
2-Mi quel on Lak AB 53. 3 CAGU 0.7
. HERG 1.3

3-Lac La Biche AB 54 .8
CAGU 1.1
4-Prenat Lake AB 57. 4 RBGU 3.8
HERG 2.4

5-Namur Lake AB 57.5
CAGU -0. 8
6-Ma ma wi Lake AB 58. 6 RBGU 1. 4
HERG 1.9

7-Egg | s, Lake AB 590
CAGU . 6
HERG 2.6

8-Eastern Lake SK 59. 2
CAGU 1
9-Rocky I sl and AB 59 . 2 HERG 7.2
) HERG -10. 5

106Bi stcho Lak| AB 59.7
CAGU -10. 9
1tGreat Sl ave NT 62.8 HERG 9.7
l12Daring Lake NT 64.9 HERG 4. 2
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Stage of Devel opment

Background Hg | evel sr ei nbeCFIWA tchhei tl&emi te go

Hg .

be

op

For expert mbndbhiilc3dkBean tenggs wer e assigned
sampled at different3egdsgwer efi nheubiak e

ening and r emovetdwvof rfond i .hdeat yeodp etra imeekh)ti n(c u

anane fromaga@h2ofof tot alanidntdial®ya tSi7o o f p & roif

i n

co

da

cubati)on plelrli odt)her samples reached thei
ncentrations int hdebt esamphesbi wmoedred arbtondagt. i c
ta did not meet homogeneiFR ys 06R<0v,8r 081¢ e

cessary for the use of parametric stati st

anges in egg Hg through devel opment .
Nonpar ameatriiaccn caomraleyisi s reveal edHa signi
ncentr atainglhagien oé gdrn OnBHtARI n0 KOHurne 2.1

ignificant differences in egg Hg -Weelvleilss a

B, 41 == B> 0.02) were-hobseowmpadri s®wmstof
veal ed statistically greater Hg concentr
vel opondneof (t ot al )i mounpatriéamc apati od (43 %
ctuiban ,P=rQ0 .0@2) ;i nHge glgesv ealts 2 9 % twoetrael ail ncousht
atisticallgtei $ff @geegngPsn ¢(@BE@MGHuUO)e 2 .0t her ti
ints showed no statistically sPyndfosant
e |l arge standard deviation for sampl es a

pl ained by | eakage of the MeHg dose sol L
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The |l ack of statistically diegniefdi ¢ et rcil faft
sample sizesTwithvaspegabdsthis further, I
assessing the probability of detecting a ¢

bet ween t hOe% boefgitnontianlg )i(nacrud ant & aorn tphe@6¥%eondd o f

—

otal i ncubatiThbhbnhnspenabdsi s r2tvaeial eglot werl at i
= 0. 34) associated with my sample sizes f
experiment 1 and tqghuiag epeweanr i ahak ghe rpi,oonda d e
di fferences coulnk H2 giritoevd tdpeedr Owi8t h Thar ef or
repeated the experiment injecting 20 chickece
on examining adg e nk¥g ado ntcheemzbrd@i) n rminrdg neday t(
i ncubatimn 1(0day 1B8g9,g Hg data from this expe
parametric sRKia#si GRP24£G. 1;LWEREEI0RPE960. m7) so
tt esatsise t 0 examine differences in egg Hg cc
of incubation.

Dry weight Hgi moaggsatradt itohnes | ateeg est ag

significantelgygsgnamattédire telnaftywaittbegtet @/ff i ncub
= P&, 0.6000LpDpe 2TheAebMasease in dry weight
near the end of incubation compared to uni
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FigureMeall { )B8TP weight mercury concentrat
with #MeHday O0. Eggs were sampled througho
expressed as a -paypiomdc ulbandaodm|ltghess i20lels ar e
above each point. Egg Hg concentrations w

eg gB86%Ot ot al I pnecr Yl boadd mp myrges4l woi mcubati on
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lat eg esft @t at u bpaetrih@ml si gni fi cant kogyf hmerheur y otnf
eggeaat yofs ttaogtea | i nculkat ecle mpeEmigad e . Sampl

are indicated above the means.
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l ncubation Adjustment Factor
Usinlg ggfis coll ected in 2014 and 2015, ¢
bet ween stage of i ncubation and the incub

contents mass r?n d0 R6Y7g0 .wvoed URMER g r)e. 2.MA3s egqg:

progr esosuegdh tehmbr yoni c devel opment , t he i nct
reflecting mass | ost throughout incubation
factor for adjusting Hg concentrations 1in
ofi ncubati on. Mean adjusted egg Hg concel

bet weaernl ya nédiada @ e sit mcgueb( atgidotned-t t2d 6 4 P&, 0. 06 ;
Figur)e 2.Tdhe mean difference i n aedarusyt eadn de
| ate stages @fer iwoath&h5 .ian cruebdaulcttbibd mr f nvommd | us

dry weight egg Hg concentrations.
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FigureMegand ad@ usi8ad wei ghonmentuwayi on in c
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Level smercury adjustetd Wwenmre stlaltgydsfdedrteidstvid tha
at wearllyat et ot alg e bpaetxifioondSampl e si zes are in

means.
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Di scussi on

Gul | Eggs as Local Il ndi cator s

Foraging ecology is | inkied hiorsdsepte.ci f The
i sotopi cprsowindd uaeessteit fdateditf ggm wat er bsi mds .
ti ssues of birds can be used to discri mina
used for nutrient d&BVY alciamaroinn e af roeregegeprdse ¢ € id
behi ghethodanforaging in ionmandestnviialonoment
fosdurcedopropasabrdEShal deadadforlOnarine for
inland f or agdd8vsalsuheosh ld dgé fid@otet etl mla <L00BY . |
Hobson et al . (1997), three componeénmnts of
carbonates) weCraes pe &2 a BitTeeg tha)i das ¢ i -@roeusbt! eed

Cor morPahnatlsac(r ocor, axt wougpneicgureasnt b lad&ei nOOnta@am i o

Based on both carbon and sul fur isotopic s
freshwatwebsfoodl though it was possible th
i ncorporated i sotopi cvesri ghmali s aftrso m ifsroet sohpvea t

were comparable with thosemdofrespedeineés ©Dhat
d*6values in gull eggs from my study fel!]l

suggesting that fteswmatricens luiskdl ¥y oor iegignat e
grounds. As expected i ncome breeder s, gul

obtained at or near their breeding colonie:

breeding a@astomi enonath Ipei or to egg | aying a
km radius, and so are unlikely otverhve nitee om
areds essrhwater stopover habitats into their
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The hi®$hastues were fowmmy fimomieGmre amtg Slud
Il i kely reflecting the uni €¢ae r2@fif7at d hmi mam:
i sul fur i1isotopic signatures in the egg sam
prdaucet sl i zing differeeavemsowrthsnot bubfmar
depending on the water source for plants a
water rdBgas wvary significantly; isotopic
funcfieomwmuoces and orghhéec tbadsmefabkbaolifare
(Connolly et al. 2004).

Il nf or mat i oomo dr ewedlrediarcg ifons, eag. bérgphne
through the use of stabétwbvértaiosideniyvdewt chayl
habitat use is conf ouwndendi tbryo g4 momra ncd dimrmatacitt &

in isotope Vvd@Heusessl,eien. gertycaadt.h @ln9.9H1& A6 6, me a ¢

i sotopes of addi tdwlinfadr ,elmane nbh s, mer @ i nf or
nutrient sources in bird eggs.

Sul fur signatures found in gull eggs in
for inland fo®hagenmreswibdesesupport for the
indcators of environmental conditions aroun

Stage of Bedelopmbati on Adjustment Fact
For Hg moni toring progr ams usi ng eggs
constraints often |l ead topeggssberegubtbdl hg

being utilized that vary in their stage of
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when expressing Hg concentrations on a dry
does not remain constmbntycaprobgvelsesegment of

I njecting freshly | aid chicken eggs wit
significantly different Hg coh4.eimfooraea soen si r
egg concentrations betweebhhehenbaebabhnbngpe
result was not completely unexpected, base:q
of growing avian embryos.a SsApdaiteterhdy yl awied g¢
fractiiommcubaAd on and embrymowngre de,vedmoy mmatt
resulting in met abpdtieantunizdrlelgywphedudft atolne an
eggHencoer, ofphtaitntahli ng sucdedsd$ uswatdédr omght t he
membr ane which ieg nabntwradlelredvalpyurntpressur
specific eggshel kclphmastieolamngly ,p anreesntt amhi cirnoc u b
1984) . Mortality in incubated eggs has b
dehydration ( Meiat erndo VAar slét8u/r)a tainadn W Ro ma n «
eg@wyerhydration of the yolk, al bumen and i
oB mbr ynoonuirci shment and met abol ihci npdrporcpepsgsnegs o
and respirattio®8®) ( Ronareafeff or e, for success
weight to water fraction needdMetabbéi mawat
di fifraggt of the egg can be considered as a f
decreasiging tdhegy enmpss through ti me. -Thi s i
i ncubation, when gernmebatyloyn(iVch entekt aasbtoslails.m 198 0)

When expressing Hg concentrations in eg

values may besampadeesd amiagly zfear at | ater stag
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egg hatches at day 2iln,c unrbaakiiogh talreo upnai mndta yo f
Figur,e we. 1see a trend through timethowapgts
i ncubatefén i s#diamati on,tthhaedo weelkati onshi p bet

devel opment and Hg concentmay i odonhaatnkg e 8 g g sn

embryonic metabolic rate whiircdhub antcirera seV¥l ec
1980) . | n etvhael uadntngx teggf Hg | evel s, t his
involving more injection experiments with

confirm this hypothesi s.

Changes in egg dry weight Hg concentr a
| arygél mi nated through the appl i cdddroena soifn g
t he 1Hlg 5&o0 nc ednitfrfaetrieofbc eb et ove&n i ni ti al and
i ncubati on. Based on my results, the appl

i mportant for -immggdbbavtompostagmed of devel op

embryonic metabolic rate increases greatly
reported for a wide variety of lal tlr9i8di)al a

Il nterpretation of Hg concentrations in
confounded by a variety of factors. |t

standardi ze sampl epatompamoireomeani Hgif abnce
on dry weight have been shownofitroc uhatriears,e
this phenomenon cafnorl arlgreedwglbat accoadijt est n
based on egg mor phhil s gagm@mal o p@h ameaudedi shb eHg o

studies using eggs as a matrix for biomoni
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CHAPTER THREE

APPLI CATI ON OF
AMI NO ACOMPOUND SPECI FI C
NI TROGEN | SOTOPE ANALYSI S
FOR ASSESSI NG SPATI AL TRENDS I N MERC
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I ntroducti on

Assessing spatial andngoral changes in levels of environmental contaminants
a primary objective of chemical monitoring program$his information is critical for
identifying sources of contaminants and emerging contaminants of concern, and for
implementing strategies todece releases of contaminants into the environmbtany
contaminant monitoring programs are based on interpretation of data collected through the
analysis of wildlife samples (Weseloh et al. 20Rdirgess et al. 201 Braune et al. 2015
Elliott and Elliott 2016). Biomagnifying contaminants reach their highest levels in top
predators, thereby facilitating measurement of chemicals that are present at low levels in
abiotic matrices However, a complication associated with the use of biota as contaminant
monitors stems from the degree to which their diets mayinéng+ andinter-specifically,
and across space and time (Hebert et al. 1999, 2R008). Diet is a critical factor
regulating exposure to, and uptake of, biomagnifying contaminamtserefore,it is
necessary to consider how diet may influence the interpretation of contaminant trends in
biomonitoring organisms (Hebert and Weseloh 200§pically, this is addressed through
the measurement of stable nitrogen isotopad/{*N relative to a stattard expressed as
d'®N values). In general d'°N values increase with increasing trophic position, so higher
d™N values should reflect increased exposure and uptake of biomagnifying contaminants
(Hebert et al. 2000)However, the interpretation of°N valuesin this mamer may only
be appropriate when comparing individuals or species at one location during the same time
period (Post 2002)When comparing®°N values in organisms over space or time, even
at one site, it is necessary to investigate possible differend&inalues associated with

nitrogen being incorporated into the base of the food web, as different sources may have
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different d*°N values. This is often accomplished by measuriffgN values in primary
invertebrate consumers, such as fifeeding moluscs. Primary consumed'®N values

are used as a baseline from which trophic position estimates can be generated for higher
order consumers (Cabana and Rasmussen 18#iyever, studies evaluating spatial and
temporal differences in contaminant levels aften based upon the use of samples for
whichno such food web samples exesty. archived samplefn environmental specimen

banks In this situation, it is necessary to develop another means to assess lwB3¢line
values.

Amino acidcompound specfic stable nitrogen isotope analysis (AZSIA)
generates both baseline and trophic positfdN values from the same sampledividual
amino acids (AA) differ in theio®™N values and most A&an be categorized as either
isourceo or itk @ao®®d.i d¢d va(uésoop pource tAAretain the
baseline/sourcd'®N values associated with the diet of higher order consuiPepp et al.
2007) reflecting the fact that the dominamgtabolic pathways for these A® not involve
transamination reactionslTrophic AA, in contrast, undergo extensive deamination and
transamination reactions resulting in trophic discrimination of nitrogen isotopes and higher
d'®N values in these A consumers versus their di¢@hikaraishi et al. 200WicMahon
and McCarthy2016). Most studies applying th&A-CSIA approach to estimate organism
trophic position have focused on using phenylalanine (Phe) and glutami{Ghaejdas
source and trophic AAespectively iMcClelland and Montoya 20Q0Zopp et al. 2007).
Studies involing diverse taxa, including birds, have shown their utility in this context
(McClelland and Montoya 2002 hikaraishi et al. 20072009 McCarthy et al. 2007

Lorrain et al. 2009Bradley et al. 2013VicMahon et al. 2019ielsen et al. 20L3Hebert
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et al 2016). Various formulas for estimating trophic position have been suggested, but
estimating trophic position across entire food chains is complicated by ecosysteific
differences in nitrogen isotope fractionation in primary producers (Chikaraiahiz914)

and because of differences in trophic discrimination factors between Glu and Phe across
taxa (Germain et al. 201Bloen et al. 2014) To avoid the complexities associated with
trying to define absolute trophic position across entire food sh#dimmay be simpler,

within a taxon, to use the difference betwekiN values in Glu and Phe®Ngirhd as a
proxy for Arelativeo trophic position.

A major drawback of the AACSIA approach is that it is costly and laborious,
limiting the numbers of amples that can be analyse@or contaminant studies, it is
currently not practical to conduct ABSIA on individual samplesOne possible way to
circumvent this issue is by generating site specific baseline nitrogen isotope déies (
in Phe) from AACSIA of sample pools (pools are made up of samples from individuals
with each individual contributing the same sample mass to the pool) and then applying
those baselines to butk°N values measured in the individual samples constituting those
pools. As afirst step in assessing the feasibility of such an approach in bindgstigated
the degree to whick*®*Ngukenevalues are related t*Ngiuphe vValues in gull egg pools
collected from 25 locations across Canaldhen focused on the applicationd3®Nguiphe
values to interpret spatial patternsnercurylevels in individual gull eggs collected along
a northsouth gradient in western Canadghere is some evidence thdg levels in high
latitude biota, including waterbirds, may be increasingugh time (Braune 20Q0Braune
et al. 2015), that biomagnification Biig may be greater in northern regions (Lavoie et al.

2013), and that industrial activity may be influendihgbioavailability in parts of northern
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Alberta (Kelly et al. 2010). For theg reasons, hssessed the strength of latitudinal
gradients irHg concentrations in gull eggs over a relatively large area which included sites

in the oil sands region of northern Alberta, Canadl@. assess spati al patt
in westeegg€aonbadaarious gull species wer e

degree | ati Fudgiendl gradient (

Lat i tHRfdfi @cMlesr cRBiroynagni fi cati on

Evidence suggests that Hg biomagni ficat
basedvoon dawi-@ralmgdias (Lavoie dt20alB)e2®h3) ou
temped4 amked possibilities for the trend, [
excretion rates of aquatic organi sms i n
bi oaccumul ati ofuradfthekMgnoirre ,t issanpdser food web
choice of prey for ¢ onpsousnse rosl rya thseh negh d rc i terncc

Hg transfer along a given food chain (Lavo

No dal@ tomends in colonial waterbird eg
for the northern Alberta region. My stud
concentrations ofi adg@ai n \Wielrel i fle tienstt ht he
concentnr actoloonnsi ail wat evi il ilartd Sagee ghhhmp kase

varied in their, shadeadfudemehdbpmdiseerect

Chapter 2
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Mer csnnyaed Processes Regul ating MeHg Pr.
Mercury émobomsiamn$iropogeni c sources have
component such that emi ssion sources and
kil ometers apart (Jaffe and Strodesbeénsdg).
l inked to AsH an0 1s2)u.r € awgeehNClraamg por t may be
cont ami namty tsrreengdyso ni;rnainfgel @degposi ti on i s in
sourceeafpedg, al uni form distribution of Hg
Someampltiengg isn my study are | ocated al ol
Peaktechabasca Delta (PAD), whichlgoafésepoed
industrialimdetwvikeé optelgeh bAt haebags.ca Oi l Sands.
provcde$l|lvicewsgregarding t hdeeviethpapate Mg f 0i
availabilityeillnhytkre raedgi om010; Wi klund et
study contribumesi addi bgbdatabsotteceaenpop mam
in afHegecentpiumg o t he Atinhyab  secxapreRcitvbeebri saei Bi gh
Hg |l evels in eggs collected from sites in
As descQhapetderi hle hydr ol ogi cal compl exit
of thdAhRdacsea Delta is infBautmcridmprygs tameé m
soussode water and sedmampherbeoregubDeaelti agacor
transpaobdl Ht@ve weom,t amiohataigemti ¢ systems by
comepxl and | ikely impacted by multiple factoc
Hg to ecosystems may be regul amet hgl bBocah |
may mobe e i mportant than inorganic Hg el oadin

(Eaegslmig h et PAysha@mil6éal parameters of | akes
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regul abi ogvdigl ability; pH and dissolved or
influence Hg dynamics at the bageaoslolf eatqualt.
2007) nveBda i gat ec hpeonsissitbrlye e widigl elredwedh smi ne dat ¢

regawdt egpbHaddii ssol ved oD@®&)nic carbon (

Met hods

Assessien @t t Beet sWReid®m vranb @ Neui ke@el UES

Eggs from four gul lILaspeciaag:enHad usng mc
Cal i forni acaduilflo@inwWecwge dL .Gudll a)yc eas cBinlRIli ed
GulLl. (del gwavearesicsol | ectedmi 25 viaoca@uisorly®asis
Canada includingFitberd2lAsiliteashshEpwmtiimo, eg
pool s were creatldd etglyast coonbs inetde @ nofan5 equa
69 egg pool s weGSl fAa ndahley zlendi vbegs sABAA 9 g e b ¢ He nvia
Stable Isotope Facility according to estab
2009 he fohppwogagbodaai @ads medidf ivcal ues for a v
AAincl udi ng FKilrusitapgnodaaRRhed.s wer e chemically i

egg homogenat &r s anhp llgw@p)u nwa ¢ i lsysdireol(yzed (6

ACc for 70 min. Aci d ohnysd rcoll eyasvi ess utnhdee rt e rhneisr
in glutamine (Gln), resulting in the conve
of a combined Glu + Gl n is measured (ter me

destruction of amdnoysatimdes. trhMpdophynataes
HCI eemd ptahssed through ameOmb2r aunme p(oM WRe)t,h efro |s

cat-exahange chromatography wusing a vacuum
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(GracePur eX)SPE Eatupnlaeesr wiehnetn der i vatilywti on,
heati ngC aftorl 1®0 Ami n iarced4yl ichopropanolaft e
acylated by heaniinng nat3:110 OmeAdi yflloanroal &cchelt d rci o
( TFAA) . Uls u frdgte Irao r2o: f1o rPvb unfi fxeP(QINEGWPIGHE n Mi | | i

Q water, weHHe7)furAAer purified by partition
compounds dissolvedAinhi nale aqwuleatuiso np hatseep
sampl es wer eetshylrerdd EAMNIB@t1IE&mpl es were dr i e
N.at ambient temperature and dissol wed i n e
val &msel ati ve t @ aafmodserhiewatci z7Ned sampl es we

i sot opnea srsatsippect r omet er (either a Ther mo S

Scientific MAT 253) interfaced to a trace
GCGC I I 1 combustion interfaSampglTdhser mer &i nn
(spdplti fjleegorinn splitless mode) onto a for
mm [ e .fOi | m thickness) at an injector temp
fl ow rate of 1.4 mL/ min. The column was i

incr masled tAC at aOmateaof 12H AC/ mihme tempe
at a rate of 4 AC/min to 195 AC, increased

AC/ min to 300 AC, whAté Bamwhes hwedefanald

tri plBetaweeen triplicate runs of each sampl
i sol eucine, proline, Gl u, and Phe) | of kno
addi tion, internal reference compoeatdsed no

with these AAFamdioglilc scaompleacd wloea nionfjoeucnt kendo w

standards wereebotusahbhl eftilaet §p aolinear C Ol
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AA suites run immediately befboseaanddappt ee
measured i sTohteo pet anadairotsNdeai aesomeofved fr
anal yses averaged 0.52% and ranged from O.

Standard bul k stable nitrogen isotope atl
Fredizeed egg tissue was encapsaesl asteerde icno nipilne
at the Univér sG.tg. oHatQtht aStaabl e | sotope La

conduwdttéhd a CE 1110 EI enrentcalntA malayusgesri sfoamsli

aDel t aPlus Advantage isotope ratio mass sp
a ConFlo I'11. Il nternati onal standards we
involved use of sample duplicates.

Linear regression analyel at waai'sNgsuprkb & b wi

andiNgui kem@el ues using Statistica Ver. 12 (St a

AssessPeanir adfds iGulEhldge Wamsotner n Canada

Total mercury (THg) analysis was conduct
12 ocations in S2@0k4 amrde?20 booaittehd garddla enod r t
degroded aRiigwrdeS pléci es included were Califor
Ri Mgl | edAtGurols.t sites, between 10 edcdhdf ridbmeg
each siteHbwegach weatwo sites (Daring Lake
fewer Herring Gul | eggsh) webreec aas kel eocft eslmaal
popul atni odnost.al , 431 eggs were cgolliect®ddamd

201TBab(l p. 1. 1
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Al l coddwetednumbered alhidned oPe@ldindan fcoos
transported to Environment and Climate Ch.
Centre (NWRC,; CRrtiaowa ,t ocCammeami) nggt, h nmeanxd maurme aec

were meWboledeggs were opermed iemggbicoand feetty

_1
(¢
(@)
o

.rdeddgg contents (yol k and al bumen) wer ¢
mi xer and chemically clean teommnicgqueys el o9Panr
wer e homogeni zed wmitlhl at oc reyrosguerneg cc comapllet e
embryonic component s. Ho mo gvarsditeals gwarses
pol ypropylenesamopltas neff sequ&lubwei ghcti efsr om
were used to create pool ed-4st@ampid iecsr t Al the
anal ysi s.

I n eggs, afp%roofx iTngt eilsy nmdet hyl Hg ( MeHg)
so measuring THg-ef$eani wd f way emnbi, nasasgdss. N
Homogenates stored in poldiypdopgtenet Veabs
Labconco FreezeZone 6 Litre Freeze Dry Sys
were recorded and moisture contentegcgal cul
contents were aliquotted onto nickel boat s
an Advanced Mer ctr5y3, AnAdItyezcer C(zAeMA Republ i
t hermal decomposition. Foll owi ng ydeud d mpmo s i
pure oxygen to an amalgamator which sel ect
rel easealomabes ¢ hgteaootnr omet er for detection n
Quality assurance methods involvedo6ttihe us:

TORT( 3) , DOTO(74,) 4BABRAE&ANd sampl e duplicates
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measured in all/l the samples were within ¢t
materi al s. Li mit ofngld¥tde oyt iwen gfhdr) . THg was

A pse c-$ e piofoilced e,ggc oslal nepcliteeam i ena 20 1¢if t he
under w&€istt AAAo g-specdaN iebcassiaid nensuBlhely t he sa
techniques .outThienseed baabsoevlei noe tvhael ubeusl kw eirseo taof
measured in individual eggs collected in 2
egg BNl kalues gédMevalthdlgs ¢g4 hat were compar
speci es Tamids sapprsdtalkchti swisedmMeé c baseline at

change between 2014 and 2015.

Wat er ChRind sdalrwed Organic Carbon and pH
Wat er samples were collLlaectLead Biinc h2Q 1 5N afnmr
Rocky I sland Lake, Bi st choe Ldukse nhalae 6At hr

di sposabl e plastic syringe fitted with a p

Om membrane pore size). Water was coll ecte
col oni es. Approxi matetg WwWlsmLi bf esanchpi at br
gl ass jars °aid ssbbrved agagdmlies ceerbeonanal yz

Labor aForides i fusnnlgtNBapweircsluetf at e di gestion
nondi spersivdetsttaoedsspéldwbyg memer si ng a
600QS SondeMuwitti pat6é&met er ( OSIspl agorSpaert aetme d
Springs, Ohi o) hseurref anceet eorf urhdeerwat er at t he
chemistry at other san@sNomt AWbert dAer Sats&mnri

by appropriate water quality monitoring ag

51



Statistical Analysis

| ndi vi duaclonecgegn t(Téplf i dmy wt) were correc
devel opm&ambhcubangon adj ost maadgvgoa pthorl olga e
parameters (egg corCthampt)erm&ss / egg vol ume

For the examination of [ atitudinal trer
correlgatwemes ,used to examine relaadposheg@gs
forage of deQmpt! adpmemtt ) i n ibruddkV i Wdau(adle sgul |
egd Nsui kpBepnd .si tlisnear regression was used
bet Wweeegpdj usgge dTHg leggédll vyagap@sr mali zed for b
(" Neui Yprne Residuals from this regression re
d" Neui kknie. €. egg Hg Il evels normali ze)mf or t|
Spearman correlation was used nhbomn&x & misne
Di st-wmemicgeght ed | e afsitt (tssqgnigf rfense scsur=v emy2 5pr wasi u
expectation that eggs coll ected downstream
other |l ocatiod#Hyraddd i nywersftt gah er ;t hli scompa
|l evel s i n :egngosr tHNy, (rdebgdiiotne s : Rocky | sl and Le
Sl ave Lake, Dar PN,g 5L askiet)e,s :s oLuatnhg d(o<n5 8Res er v o
La Biche, Namur Lake, PreBet oAt halk&®3°N-a aRidv a
52N, 3 sites: Ma ma wi Lake, E rgskat\Walliomed Eas
wayanal ysis of wvariance o0n usedtodssessiwvioethérthevee d by
were statistically significant interegion diffeences in Hgyrm. All statistical analyses were

conducted using Statistica Ver. 12 (StatSoft, 2013).
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Resul ts
AssessRehn@tt Reet sveidie vranB @ Nsui kphe

There was a statistirdal DP&3sj0g mi0fli)c anett we

d Nl urmBdNsui kel Ues in the gull egg (Fdalugy eanal
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Assess®@patrieanfd sT iGulEhldge Wmsotner n Canada

THg concentrations in individual egull e
(rs= 0P500.RiOdgure 3dBIvkal ues in individual e
with | atitude but effrire 6rPe8l &t. Didgle H e p IRI = we a
values in egg pools were wused atte de Dtyi mautl d
individual saBwlddiingal aeat adpsisteddMsoirk i sot
prle Showed a strongenms=c@&P®6e0 aFdiogbur) ed/ ARt & | at i |
phval ues were correl at esd?¢wiOtPR 4eDg BiOFlige c® NG e
Residuals from this regression represented
for badgplushed trophic position as well as
wealloyrel at ed rswi OPXB t, OtOdgld gleH{Bwev er ,- di st a
wei ghted | east sqgua;r esst icfufdnveesnsidi=c &it.e2gb ¢ hla & c |
di fferences in egg THg | 8¢y®Mamawl sbakej segg
East er nhalbaalksgg @pHtar Eil gwvRdaéeéd. f t hese sites w
waters of the Athabasca River.

To further investigate this apparent pa
were compared across regi onaelanc atfe gtohrei eAst:h a
River. Normali zed THg |l evels in eggs <coll
from sites in receiving waters of the Atha
collected from nort KeuousWdaliHds s 6 k& 0On 00dgi o
po-eBbc comparisos O0OF0Ommeamre Babkksst,ern Lake At
included in the '"downstream' region -despi't

At habasca Del ¢ gidgorgiohnec erndwgni@mm sl r emai n uncha
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( 58N59°N2 sB)eerd hON(,>59.xs Meanzedr mghg THg |
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Water chemistryatbbhedBadleeahomwerqgi oin al pat

pH or DOwem@paesnt

Tab3d .el Wat er stchgmiparameters for sites in we
Site Name Degrees ol atitude pH DOC mg/L
1 - Langdon Reservoir 50.9 N/A N/A
2 - Miguelon Lake 53.3 9.4 140.0
3- Lac La Biche 54.8 8.5 9.9
4 - Preston Lake 57.4 7.9 24
5- Namur Lake 57.5 8.1 6.8
6 - Mamawi Lake 58.6 5.7 9.0
7 - Egg Is, Lake Athabasca 59.0 8.4 4.4
8 - Eastern Lake Athabasca 59.2 8.1 7.4
9 - Rocky Island Lake 59.2 7.9 10.5
10- Bistcho Lake 59.7 8.5 9.8
11- Great Slave Lake 62.8 7.9 4.8
12 - Daring Lake 64.9 6.7 2.5

61



Di scussi on

AssessRenagtt Reet seide vrnB @ Nsui kphe

The highly signif idcNanita saddNey eidimad ii coant ebde t twr
the |l atter measure could bdanusedsiam |ar p ma:
& Ngiurphe This is important because it circumy
associated wiiCBlapmlppirma cthh ed MNA/rarhauleisz igreq ely

from the analysis of gendratdda€S8lomsdfingt RAAIl

corresponding pool enhances our abCS3$IliAy to
approach to a | arger number of sampl-es. T
correctdeNd vbaulukes i n isndvihvicduaclans adneplceompar e

contaminants measur e dFurthermotehties appeoath bypassdsi v i d |
logistical problems associated with collecting primary consuneegs,nvertebrates such
as filterfeeding molluscsfor the generatio of baseline isotopic signaturels.also avoids
assumptions regarding trophic connections between such primary consumers and top
predators which may utilize resources originating from a variety of food web pathways.
The isotopic baseline value generafiedm the analysis of pools reflects the actual
baselines integrated by the consumers constituting the pPsoig 6:°NaiupheOr A*°Nauikphe
values as a proxy of trophic position also circumvents complications of calculating trophic
position from AACSIA in animals with mixed aquatic algal and terrestrial vascular plant
input (for example, see equation 2 in Hebert et al. 2016).

One possible reason fodNd hrameadNeadpiScor r el
thdtN values in Glu halvle daeremdN owalbu ersot hbne ov

trophic amino acids (Seminoff et al . 2012
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(Sackett et al. 2015).
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Spati al patterns i n contami namt bleevel
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bi omagni fi cat iwenbsi n( Laagvuoaitei ce tf oaold. 2013) , Ci
| ow pr odunati invidtryi vags s . These factors may
organi sms, minimizing growth dilution of Hi
ti ssuesemever Further mor e, | ower species div
choi che gfther | evel predator s, possibly incre

through fbpdsshawepd. t hat concentrations of
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with | atitudepar tTlhhy skey pHsrateesrgdl wa safedrderit e s
i n guobphic poFsoirtieoxnampl e, the spatial di st
hi gher trophic | evel Herring Gulls predomi

trophic status, Herring Gultles Hhvp utlhdr cduagrhe tih

contributing to higher Hg |l evels in gull e
could have been i mportant in causing highe
possibility that guwlolud df rhoamm emdiraed n cerstsh earcrc e:
sources of food resulting in increased co
containing higher Hg | evel s. Regardl ess

mechani s ,valude&ks in eggs were of little usc
in egg Hg |l evel s. Thatts weaalsu elsueditd ntdte & acd

di fferdNcasrbess the ecosystdmsabeesgadpmpt

baseline exhibited an obvious increase Wi
considering | atitudinal differences in tro
egg Hg | evel s. When egg concentrations

relationship wigstilelggp Hgs & retvelb st wiatss si gni
and aoeplein al p antotrenran si zierd dcigggt Hg cohcener at
hi ghest ewgmolgelreval at sites itmabasceiav iRn g
Hi gHgr |l evel svearts unso rstohuethhaesren bseietne dumay o a v e
including higher Hg deposition i n the no
bi omagni fication as de&tutbdd bhelLaebiti®ge

of these and other factors requires furthe
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Great@aordiaéi zed Hg |l evels in eggs coll e
of the Athabasca River may have -menfdecdrd

rei onal transport of Hbgwe(vseere Hya bveernt tehtata ld.i

Hg | evels were detected over relatively sn
her e: 1) | ocal Hg sources and 2) Hgpati al
bi oavailability. Based on deposition patt
airborne environmental contaminants to wat
facilities (Kelly et al.-t2mkEO0OsnowpPate& enf o m

deposi ti eNioviernobme rmitdo Mar ch) have al so sugage
was a source of at mosphMde Higo dlepoasli t i amd 0d ¢
waterbodies (Kirk et al. 2014i)t.hi MHitghe sma jl
sands devel opment area, decreasing in con:«
concentrations at t heAtmboasl a sdd Bsot eVt e res)i .tae ss t(
using sedi ment cofed Fabehbttpagt aieittadt idemp o
patterns -Atnhdalhas cPae akel ta found no evidence
expansion of the oil sands i nduéAtnaspheriand Hg
deposition of oil sandeelated contaminants is lgrone possible avenue of Hg transfer to

the environmentLarge containment structures associated with oil sands development, i.e.
tailings ponds, contain a mixture of metals and various organic compounds (e.g. naphthenic
acids, polycyclic aromatic hydradons) (Allen 2008Frank et al. 2014Galarneau et al.

2014). Tailings ponds may act as a source of contaminants through seepage to groundwater

or to the Athabasca River (Frank et al. 2014). Hg availability to biota may be influenced

by Hg transport don the Athabasca River to the Peddtbabasca Delta and Lake
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Athabasca. Since wet deposition is an important sourcéHgfto watersheds, transport
through precipitation and runoff as well as watershed hydrology may be important.
However, contaminant sigtures in sediment samples from the lower Athabasca River
have also been attributed to natural weathering patterns of bituminous deposits (Akre et al.
2004). Furthermore, the Peadghabasca Delta (PAD) is served by two major waterways

T the Athabasca andeace Rivers. The Athabasca River is a significant source of water
and sediment to the PAD (Timoney 2013) and, therefore, is important in terms of regulating
possible riverine transport of contaminants to the deHawever, dams and reservoir
creationon the Peace River may be affecting Hg bioavailabilitycteating conditions
conducive to Hg methylation. Flooding events and water table fluctuations have been
linked to increased concentrations of total Hg and MeHg, including in wetlands in the
Athabasa oil sands region (Oswald and Carey 2018pwever, existing data regarding
concentrations of MeHg in various matrices (i.e. water, sediment, invertebrates, fish) from
the Peace River are among the lowest in Canada (Site C Environmental Impact Statement
2013) indicating that the Peace River may be a less important source of Hg for the PAD.
Clearly, the degree to which the Athabasca River is important in transporting Hg to
downstream sites requires further investigatiGiven the relatively rapid devgdment of

oil sands activities along the Athabasca River it might be reasonable to expect temporal
changes in levels of oil sandslated contaminants, e.g. Hg, in biota. However, Hg
temporal trends in downstream biota are equivocal with either no (fisinsEand Talbot

2012) or limited evidence of an increase (birds, Hebert et al. 2013) through time. Hebert
et al. (2011) previously suggested that the Athabasca River may be serving as a potential

source of environmental contaminants to colonial waterbirgisting at downstream
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locations. Results presented here do not contradict that possibility given that the highest
egg Hg levels were observed in samples collected downstream of the Athabasca River, but
other factors may also be contributing to these abpiménds.

Previous work found that methyl ation r at
|l oading when deter mi ni fSgniftihs etMeHg &x0pdGsur ¢
rich, anaer obirce dcuocni dnigt ibocarcst ,e rsmaaltfinerdi af ei hbe
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bor eal forests ( St Louis et al . 1994) an
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si tTeash | d i3d dmxpimyi mePubkbtvsousdaenwidfi ®@sdc hemi st
values that ediagiretdhi bagh | Mg c o oen. qogk6t., MOICIi ons i
>4 mg/L (Chen et al. 2005; Driscoll et al
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region were highestt, heyeltakwadAettrle asbadmaodae s 0 hea ¢
| owBbO®@ ev€ksayrtlhye degree to which water chem

waterbirds in this region requires further
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new insights into spatial patterns of bio
Removing the influence of trophic positior
factors Hged elmaetivisngll i fe, proviHKigspngricesi ghtds
processesHgniegaVvaitl algi | i ty. The case study
of the possi biC&SI| At alpiprypyach thhe cAlenmhamismamt s

that it wild.l be broadly appgl seddiesfuture

6 8



CHAPTER FOUR

GENERAL

SUMMARY
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