/

University
o«Manitoba

Centre for Earth
Observation Sci




Prepared by:

Maliheh Rabie, Heidi Ahrenholtz, Alessia Guzzi, Tim Papakyriakou, and Zaue¥louCentre for
Earth Observation Science (CEOS), University of Manitoba

Prepared for:
Mushkegowuk Council, Lands and Resources Department

October 205

Cover Page Artwork Acknowledgment

¢CKS FNIg2N] LINBaSyiSR 2y (GKS FTNRByG LI 3IS GAGE S
Gerry McComb is a Cree artist from Moose Factory, currently based in NortmBesya part of

the Oshichikesiwuk Nanipethe Omushkego Artistollective Find out more at the link below:
https://nanipek.ca/gerry-%D0%BC%D1%81%D1%81%D0%BE%D0%BC%D0%B2/



https://nanipek.ca/gerry-%D0%BC%D1%81%D1%81%D0%BE%D0%BC%D0%B2/

Foreword

Facing pressures from ongoing climate change and increasing develophefirst Nations
of northern Ontaricare working to protect the vast region of their homelandsey are seeking
the best available knowledder this effort drawing on bothndigenousand Western kowledge
systems. Thisdraft report is afirst attempt to pulltogetherinformation about the current state
and recent trends inkey featuresof the watersheds of the regionncluding permafrost
distribution, land coveand surface watewdistribution, carbon storage, hydrologwater quality
andbiodiversityfor the region.Many researcherare activelyworking to add to the knowledge
baseby collecting new observations anabdellinginitiatives Thus, this literature review should
0S O2yaAARSNBR | Wi AfgrkegubrupiateidnYtBeyhéacfutubeiTieext: LI |y
step for this draft report idor peer review bythematic specialsts in several ofthe above
mentionedfields.
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Summary and Key Messages

The watersheds of sevanajor rivers (Severn, Winisk, Ekwan, Attawapiskat, Albany, Moose,
and Harricana) lie within or adjacent to tMushkegowulCouncillTerritoryalong thewestshores
of JameBay andsouthern Hudson Bay. The rivers are generally northward flowing and drain
portions of the Precambrian Shield and the Hudson Bay Lowlands (HBL), mostly in northern
Ontario. Wetlands are present throughout the watersheds, while representing perhaps 80% of
the surface cover across the vast coastal plain of the HBL. Peat is ubiggemesally deeper
inland where it formed more than 5000 years ago, and thinner near the coast that has only
recently emerged due to continued pegtacial isostatic rebound. Across the seven watersheds,
there are also large gradients in climate and vetetg with the northern area (Severn and
Winisk watersheds) hosting continuous permafrost and the coldest and driest climates while the
southern area (Moose and Harricana watersheds) has warmer temperatures, greater
precipitation, and little to no permafist.

Although large population centresuch asTimming ONand disturbed areas resulting from
mining and forestry may be found the southern portions oimost of the majorwatersheds,
some smaller watersheds are pristine, and notable through their intact habitat for species such
as Lake sturgeon, critically endangered elsewhere around the globe. Sneahnd Anishinabee
First Natios communitieomprise most of the populatioacross the northern portions of the
watersheds with the communities ofFort Severn Peawanuck Attawapiskat, Fort Albany,
Kashechewan, Moose Factpgnd Moosonee (municipalityying at or near the coast along the
major rivers.Community members hunt, fish and trap in the surrounding areas. The coastal area
provides globally important migratory bird feeding and breeding grounds and now hosts several
bird sanctuaries/protected area$. K S NBX IA 2y Qa KA I-gtanding Ik h Zagodid A G & |
capture and storage in the peatlands and coastal salt marshes have attraatemhal and
international attention. Some portions of the southern watersheds support resource extraction
and some urbanization, while hydroelectric developmenpresent alongsome of the major
tributaries of the MooseRiver

During recent decadeslimate changeand associated warming hdsad noticeable effects
across theTerritory, with community membersobserving warmemwinters, less snow, earlier
breakup of ice on the lakes, rivers, and bay, and later freeze up. Although river discharge has
varied on decadal time scales, increases in annual discharge are still expected, in general, with
continued climate warming. Thetgve been years with unusually low water levels in the rivers
and increased frequency and severity of ertes in flow may be seen because of increased
variability in precipitation and changes in the precipitatevapotranspiration balance with
warming.

Because wetlands are the defining feature of the territory, including portions within the HBL,
Shield and along the coast (salt marshes), current investigations have focused on improving the
mapping and sampling of these areas. Researchers at Environifiraat€©Change Canada (ECCC
-WI 32y 5dzZFFSI t ®L DO A LanadaNWetlahd Invanfory Maplbi@Edd SL0G Sy
(CWIM3A$ Canadian Wetland Inventory Map Version 3A (CWIM®Yen Government Porthl
in which they utilize @mote sensing tanap the landcoverwith emphasis on coastal marshes,
4
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surface water, bogs and fens, etc. at high resolution. Researchers at the University of Toronto
(Sarah Finkelstein, P.1.) is working to quantify the carbon stocks in mineral soils cufaistel

wetlands (intertidal, supratidal, thicket swamp, and freshwater marshlich are previously
unquantified. Their preliminary results indicate ththe coastal wetlands hosignificantstores

of soil carborcomparable to other global salt marsh&onsideringhe very large spatial extent

2F GKS G SNNRIGASNBAGE YO IS&0 HEKSY |y AYLRNIFyYy(d O2
overallmassive wetland carbastore.

Researchers at Natural Resources Canada (NR®AXhang, P.1.) lead permafrost modelling
AYAGALI 0A@®SEa G2 FdAYSyd 9///Qa RSGFAESR fFyR O
Using a map of snow cover end dates derived for the HBL (MitcheTy y S& > Ay LINB LIDU
team will study how snow dynamics impact ground temperature and permafRestent studies
showed a significant los¥ the continuous, discontinuous, and isolated permafrosturrences
within the Moose, Albany, Attawapiskat, &&n, and Winisk Rivervatersheds Permafrost thaw
likely is affecting surface water dynamics, river flows, as well as the security of carbon storage.

Future projections from climate models indicate that the region will continue to warm;
however, changes in precipitation and the net effect on the wetness of the landscape remain
uncertain. The current climate models are not able to accurately predictlddtavind patterns
or extreme climate events. Earlier breakup and later formation of sea ice in southern Hudson Bay
and James Bay and associated warming of bay surface waters will be felt in more pronounced
springsummetfall warming in coastal communitiésy R G KS f2ada 2F (KS 0O22f

Stream gauges in the region are limited to the major rivers and only represent portions of the
watershed areas leaving much uncertainty about how streamflow in the territory is responding
to warming. Gauged rivers historically have shown large variatrodscharge on decadal time
scales, but several major rivers show decreasing trends in discharge during the past few decades.
This implies there will be a reversal in discharge trends in the coming decades, because, based
on modeling, river discharge riglaicross the pa#rctic watersheds including James Bay will
increase by 2070.

A potential major influence on land cover, surface water dynamics, carbon storage and
streamflow within the watersheds increasedhuman activiy, particularlynew hydroelectric
development and industrial expansioassociated with the Ring of Firdast esource
development and industrial activitigsaveinfluenced the landscapesedimentation, carbon and
nutrient cycles, and aquatic food webs during recent decades but the available data dhggest
impacts have been local in scale. The dramatic incremaseale of potential future activitieand

the potential for interactions with ongoing climate change make it difficult to extrapatatene

and space baseoh pastimpacts Extreme events, such as heat waves waildfires, lead to non
linear effects and feedbacks that are difficult to predict. A major impediment for impact
assessment ighe limited availabilityor at least accessibilitgf baselinedatafor manyindicators

and much of the Territorywith datascarcitymost acute irsomenorthernregionsthat coincide

with criticaltransitions(e.g., discontinuous/continuous permafrost boundary). Central databases
of water quality and water chemistry data analogous to the peat core databases that are being
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developed would be very usefuRivers naturally integrate signals frocimate changeand
environmental disturbances at the watershed scaf® thus should be a focus of research and

monitoring. Processes controlling water balance and water distribution across and within the
watershed also need to be better understood.
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Introduction

Watersheds and datacquisition

A watershed is marea of landhat channels precipitation, runoff, and tributary flows into a
particularlake, river, bay, or oceait includes all creekstreams rivers, and lakes within the
drainage area, as well as the surfaeeoff and groundwater that contribute tahe flow
discharge athe outlet. Watersheds can be uniquecosysters with interconnected biological
and physical propertiesand thusshouldbe examined holisticallyl otspeich, 1980Watersheds
are delineated by natural boundaries such as ridges and hillt separate one drainage basin
from another, althoughvisualizing andlelineatingwatershedboundariescan be challenginm
flat landscapes witlsmalldifferences in relief

Watersheds shape the landscape adetermine geochemical fluxes of elements such as
carbon andnutrients to downstreambodies of water (e.g.estuaries and oceaisin turn,
watershedsare influenced by naral processe®ccurring ovetboth long and short time scales,
and humanactivitiesthat impactwater flows or surface or subsurfaceaterials The way we
managestreamflow,soils and cropswaste,forests, and wildlifedirectly impacts the functioning
of the watershed.The effectsof industrialactivities,developmentprojects, including those for
hydroelectricity and urbanization are not limited to local ecosystems butin extend far
downstream, influencing water quality, biodiversity, and thestsinability of farther afield
aguaticand even marin@nvironments.

Watershed boundaries rather than political or provincial bordmmes sometimes selected as a
framework for addressingydrologicalmanagement anathallenges assessingnd adapting to
climate change impactsand consideringproposed developmentsAn important factor in
successful watershed managementdscess to dateaacrosspolitical or provincialborders
spanning diversepics(climate, hydrology, environment, geology, biology, economics),etod
compiled in such a way that it can be considered collectivieseful information includes
hydrological assessments, mapssoifface covele.g.,vegetatior), surface water distribution
information on water quality, land zoning and land ugeg., forestry)and habitats (terrestrial
and aquatic).In a changing environmentt is also important to have access hydrological
monitoringdataand projections water quality assessmentstudiesof changes in surfaceover
(e.g, wetlands) and access toa continuous record o€limate elementsthat may be used to
detect changen, for exampleprecipitation, permafrost thawandseasonal ice covebData may
be attributableto many different organizations for a wide variety of purposes but compiling it,
and considering it collectively, provides a basisuioderstandingthe presentday state of the
watershed This understanding may then inform the design of future research and monitoring
efforts and decisions aroundiater managemenand watershed protection

Purpose of the study

The watersheds of western James Bay and Hudson Bay are vast and diverse, distributed along
a 600 kmsouthto-north latitudinal gradientbetween about47°N and 56N latitude (Figure 1)
Seven major rivers descend frahe forested uplands of the Canadian Shialt cross the vast
lowlands before discharging to thestuaries andidal flats of soutlivestern Hudson Bay and

14



James BayHowever the landscapalissected by the rivers @haracterized by a abundance of
wetlands,and, indeed,proportionallythe regionhas more water than landy area¢ somewhere
between 60% and 802depending on howthe surface water is measured.

Thelands and watersire the homeland of the Omushkego peogfegure )} and have long
provided theresourcedo support the Omushkego way of ljfi@cludinghunting, trapping, fishing
and gathering The region has an abundance of wildlife, including freshwater and anadromous
fish, moose, cariboy wolves, and polar bears. It also has become known nationally and
internationally among conservationists because it providesical breeding and migration
stopover habitat for millions of shorebirgdsongbirdsand waterfowl(MacDonald et al., 2014t
is also aglobaly-significarn site of carbon storage and captune peatland soil¢Packalen et al.,
2014; Harris et al., 2022; Li et al., 2025a)

While interest in mining in the territory is not ne(e.g, Peerla, 2012)the past decade has
seen an intensification ahining interest and associateattivities,specificallywithin the region
GKIF G KI & o SHngof6ikngfeéagingeséue dievelopment and industrial activities
have in placesinfluenced the landscape and modified local water qudltpsher and Martini,
2002; Ontario Power Generation Inc. and Moose Cree First Nation, .2@08ngside
development climate change is beginning tmpactmany components of the watersheagath
regionaleffectsincludingwarmer winters, earlier ice breakup and later freeze up, permafrost
thaw, and changes inaverageand seasonaliver discharge in conjunction with changing
frequency of extremes (low and high) in streamflgiuzyk and Candlish, 201%npacts of
continuedclimatechangeand extreme eventge.g., frequency of wildfire@ndincreased future
resource extraction arexpectedbut not easy to predict.

This report was preparetd support planning by the Mushkegowuk Couraeitl First Nations
in the region in the context of ongoing and futwavironmental change, related to both climate
change andlevelopment.The reportaims to summarize the state of the knowledaerosskey
components of watershedsncludinglandscape, climatehydrology (water supply and flow),
water quality, health of aquatic ecosystenfcross these sections, the telighlighs what is
known about recenthanges and trends, anddentifiesareas where informationeems(to the
authorg inadequate for detecting the changes and impacts that may come about from changing
climate and development. Thesummary is based oscientific publications, governmental
reports, and indigenouspublicationscomplemented byi NI RAG A2y (y2¢f SR3IS
watersheds(e.g., Litvinov studies)Consideration is also given fmast and present land use
activitiesand potential future threats facing the watersheds from projected climate change and
proposedndustrialdevelopmentsilt is important to note that with the broad scope of the report,
some topics fall outside the area of expertise of the authorship team. An attempt was made to
incorporate the most up to datknowledge put ongoing workis addressing gaps in therfitory
even as this was written.
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Figurel. Map of the region of interest for this report, includiMushkegowuk Territorfred smoothed polygon that
encompasses water and land),e@ity landsshaded in various coloursnajor rivers(light blue) and themajor
western James Bay watershealstlined in red.

Scope of thiseport
The geographic scope of this report includes northern Ontario watersheds that drain into

WashaybeyohHudson Bay and Weeneebeg(James Bgy through Mushkegowuk Territory
including Treaty 9 Territory(Winisk, Ekwan, Attawapiskat, Albany and Moose Rjvars
adjacent Territories (i.e., Robins@uperior in the south of Mushkegowuk Territory afelyou
Istcheefor the Québec side othe HarricanaRive). The approximate bounds a#&.256°N and
77.595°W (Figure 1)Located within this area arsix CreeNation communities, includindrort
Severn, WeenuskPeawanuck) Attawapiskat, Fort Albany, Kashechewan, and MoGsee
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(Moose Factory)hat lie along the southern Hudson Bay and western James Bay coasts. Taykwa
Tagmou, Missanabie, and Chapleau Cree First Nations are loatbdr inland within the
Mushkegowuk TerritorySeven major river watersheds are the focus: the Sewiinisk, Ekwan,
Attawapiskat, Albany, Moose, and Harricana Ri\€igure2). The report alsotouches upon
several subvatersheds of thessevenmajor watersheds, some smallerers with outlets to
southwestern Hudson Bay and western James Bay aalkctnorthern Manitoba rivers and
watersheds.

Watersheddelineation

Watershedboundariesmayvaryfrom one information source to another because of different
types of databeing usedandor strategic decisions to combine the watersheds of specific
streams/rivers depending on the study being conductdd.this report, two data sourceswere
usdl to delineate watershed boundariethie panARctic CAtchment DatabasE (ARCADE), which
is specific tohighlatitude watershedsall around the world and the OntarioWatershed
Boundaries (OWBwhich was developed for the province of Ontafliloe two databases contain
similar watershedboundariesfor the sven major river watershedswith slight differences.
ARCADHelineatedseven major watershedsnd rumeroussmaller watershed near the coasn
western James Baplack outlines irFigure2; and seeTable }, providingover 100 properties
related to landover, climate, soil,permdtrost, etc. from various datasetfor each of those
watersheds.The OWB collection represents the authoritative watershed boundaries for Ontario
and are based orwatershed delineation principles updated with inputs from First Nation
communities and various government partners suchtlas Far North Branchthe Applied
Research and Development Branahd Ontario Geographic Names BoaftieOWB approach
includesall watershed levels from primary to quaternary, anddey and 6 watersheds for select
areas of the provincaHowever, there is still room for improvement in adopting finer watersheds,
particularly in the coastal region of the western James @yINRF, 2022a)The watershed
delineations used in this report are derived from the secondary level of the OWB colldepion.
more information about vatershed delineationsee theWatershed delineatiosection inthe
Supplementary Informatian

One particularly challenging area for watershed delineationthés Hudson Bay Lowland
watershed between the Winisk and Ekwan Rivers {sese watershed@ Figure 2)In this area,
the northeasttrending Cape Henrietta Maria Arch separathe remnants ofthe two major
Phanerozoic sedimentary basitieat are presentc the Moose River Basin in the south and the
larger Hudson Bay Basin in the nordnthe Capeexposed Archean and Proterozoic rocks give
rise to complex geologic control of inland water flswesulting n the Sutton River flouwg
northward out of Hawley Lake to discharge along the Hudson Bay coast east of the Winisk River
and Cape Lookougndthe Ekwan River flowwg eastward to discharge into northeast James Bay
(Cumming, 1968)rhatmay also explaiwhy there are so mangmallsubwatershedsseparated
from the Ekwan and Winislwatersheds in thecoastalregion as showrby black boundariesn
Figure 2 For more information abouthe streamflow routingin this areaand the hydrology
specific to the seven major watershedgeAppendixA.
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Figure2. Map of the watersheds that drain into southern Hudson Bay and western JamesTBaybold red line
showsthe Mushkegowuk Territorpoundary. The black boundaries are the watersheds delineated hyahéRctic
CAtchment Databds (ARCADE) while the shaded areas are the maj@rshedsfrom OWBdatabase.
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Tablel. Characteristics of seven major watersheds in the southern HudsonviBastern James Bay study aras.
derived fromthe ARCADENd OWHRlataba®s.

River Region Province DrainageArea DrainageArea
(outlet) (gauges) fromOWB  from ARCADE
(km?) (km?)
Severn HB ON 98,940 99,884
Winisk HB ON 76,868 64,656
Ekwan JB ON 44943 21,871
Attawapiskat JB ON 57027 47,903
Albany JB ON 126,262 130465
Moose JB ON 106522 106455
Harricana JB QC 42,375 30,015

Physiography and climat®rmals

The major watersheds that drairacross northern Ontarianto southern Hudson Bay and
western James Bay extend across a vast area of abol®@@b@nt and spanarge gradients in
climate, geology, and ecolog¥he major rivers originate in theocky, forested upland areas of
the Canadian Shielandflow eastward and northward, descending ordnd crossinghe broad
(150400 km) lowland plainsThe drainage basins of the major rivdmssspan two physiographic
provinces and two Ecozones, Boreal Shield and Hudson(Plgirre3). In the latter Ecozone is
the Hudson Bay Lowlands (HBtharacterized by flalying {ncline of<1 m/km), lowrelief (<2
m), poorly draned substrates that overlisedimentaryrocks(Dredge and Dyke, 2020jhe poor
drainage, combined with a cold climate due, in part, to seasonallgaeered Hudson Bay and
James Bay, have produced the largest wetland network in North America. This wetland is the
third-largest wetland globally and the second largest peatl@omplex in the world, which
contains massive stores of carbon (86 Pg)(Li et al., 2025aas will be discussed later in this
report. Within the Shield, a physiographic subregion known as the Clay Beliniedst because
it modifies the water properties of the streamflow and becaitss the most densely populated
part of the watershedand the most developed (lumber, agriculture, mining, hydroelectric dams,
etc.).
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Figure3. Map depicting the wo major Ecozones covering the western James Bay watersbledded in light and
dark greenBlackinhes within the shaded areasdicate watershed areas.

Thelandscape south of Hudson Bagyd west of James Bay has bestrongly influenced by
the last glaciation, when the Laurentide I8eeet flowed in and out of southern Hudson Bay
weathering and eroding thenderlying bedrock. The Superior Upland, underlain by the Canadian
Shield, is mostly covered by glacial, glaciofluvial, and glaciolacustrine deposits, whereas the
Mesozoic andPaleozoidimestone bedrock of the lowlands is mostly covered by glaciomarine
and marine deposits, typically overlain by péMilner et al., 2009) Retreat of the ice was
followed by inundation of the lowlands by large proglacial lakes, and later by inundation by the
marine waters of the postglacial Tyrrell S&aedge and Dyke, 2020)hese processes produced
a landscape that has a high rate of pg#dcial isostatic rebounand thus falling relative sea level
at a rate of at leasil cm/yr (Pendea et al., 2010)As the land rises, the coasts of James and
Hudson Bays evolve rapidly both in space and tiReeently emerged lan initially dominated
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by mineral soil wetlandsAsthese wetlands retreat inland under continued coastal emergence
they transition to peatlands, defined as locations where at least 40 cm of peat has accumulated
(Packalen et al., 2014Rates of isostatic rebound are lower inland to the south, away from the
coast (Figure 4). Over long time periods, differential isostatic rebound (higher in the north) affects
several landscape features, including stream slope gradient, causing-flamiing streams to
adjust, possibly promoting channel aggradation (sedimentation). However, recent rates of
isostatic rebound west of James Bay remain uncertain due to low data density (cf., Figure 2 in
(Simon et al., 2016which showselative sea level (RSL) and GPS site locations

i LN ey
GPS Observation|| & ‘“%%3 c

mm/yr
18

16
14
12

\e :

§ ol N
T N

Figured. Verticalmotion (upwards) based oBlobal PositioninGystem(GPS) data mostly caused by glasiastatic
adjustment (GIA) due to ice mass unloading during deglaciéfonrceSella et al., 2007)

¢tKS ¢6SaGSNYy WHYSa .F& NBIA2yQa ObpedficaliyS A a
alternating influenceof cold Arctic air masses and wasuutherly airflow (Gough and Leung,
2002; Gough et al., 2004; Gagnon and Gough, 23@&)ng winds, and sea ice presence on
southern Hudson Bay and James Bay. Large aggregations ofstbigk; melting sea icecan
persistoff the coastof southern Hudson Bayell into the summer monthgBarber et al., 2021)
Datesof river, lake, and sea ice formation and brealdiffer with positionrelative to latitude
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and proximity to thecoast, ranging fronearly November to miDecember and from milay
to late July, respectivel{iaha etl., 2019; Gupta et al., 2022a)

As can be seen in air temperature records for the communiti¢sodf Severn and Moosonee
Based on historical data for 100 years (120D0), the mean annual temperature averages
+ 1.8 and the mean growing season temperature is #180°C over a period of 11962 days
(McKenney et al., 2006; Packalen et al., 2014)

Data averageaver a 30-year period (199€2019)for each of the seven major watersheds
shows regionaradientsin air temperature and precipitationfrom cooler and drier in the
northwest (e.g., SeveriiRiver watershejlto warmer and wetter in the southeage.g., Mose
River watershefl(Table2). Precipitation is in the order of 400 to 800 mm/yr depending mostly
on latitude, and secondarily on proximity to the coasteg Climate Sectioin Supplementary
Information for more details). The Ekwan is reported to have the lowest mean annual
precipitation at approximately 680 mm/yr and the Harricana the highest at 921 m{fiable2).
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Table2. Summary ofair temperature and precipitatiorior a 3Gyear period(19902019) for the seven major
watersheds in western James Baym ERAEB.and Reanalysis climate data

Max Mean Min Mean Mean Mean Max Max Max snow Max snow

Watershed Temp TempTemp Runoff ET Precip. snow snow fall melt
(°C) (°C) (°C) (km3/yr) (mm/yr) (mm/yr) cover depth (mm/month) (mm/month)
(%) (M)
Severn 140 -15 -16 295 -418 669 664 89.9 0.60 589 1182
Winisk 140 -1.7 -16 211 -417 694 692 89.9 0.63 643 1276
Ekwan 145 -19 -16 6.9 -384 680 681 96.0 0.64 643 1259
Attawapiskat 16.0 -0.5 -15 16.7 -421 729 728 93.7 0.62 637 1249
Albany 165 09 -14 472 471 778 777 91.9 0.62 674 1306
Moose 175 16 -14 411 -497 858 855 954 0.65 733 1468
Harricana 170 11 -15 144 -467 921 916 89.9 0.63 790 1664

Max/Mean/Min Temp: Gives the 30y averaged annual monthly maximuear/minimum temperature

Mean runoff: Gives the 30y averaged annual mean total runoff

Mean ET: Gives the 30y averaged anmo@én total evaporation (negative value)

Mean Precip(first column): Gives the 30y averaged annual mean total precipitation

Mean Precip(second column): Gives the 30y averaged annual mean total precipitation from ERAS5 instead of
ERAH_and in case the latter is not covering the spatial extent of the watershed

Dataset Name: ERA&nd Monthly AveragedECMWEF Climate Reanalysis

Source spatial Resolution: 11132 m/ Temporal Resolution Used: 289D

Reference: Mufioz Sabater, J. et al., 2019/ Littks://doi.org/10.24381/cds.68d2bb30
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Drivers of chage

Anthropogeniclimate change

Northern Canada is warmirgpproximately thredo four timesfaster than the global average
(IPCC, 2021 According to arecent report commissioned by Environment and Climate Change
Canada (EQ},the annual average temperaturi@ Northern Canadancreased byabout 2.3°C
between1948and 2019 while the global averagegemperature rose byabout 0.8C (Bush and
Lemmen, 2019)Togetherwith these temperature increases, Canada is experiencing increases in
precipitation (particularly in winter)extreme precipitation eventsheightened risk of coastal
flooding, extremehot, dry, windyweatherthat promotes foresfires,and water supply shortages
in summer(Bush and Lemmen, 201%)/arming brings many changes to all components of the
cryosphere and other systems that interact with the cryosphere. Many studies have described
the shortening of the season of ice cover on lakes, rivers, and coastal marine waters and the
warming of surfae waters that results from a longer opevater season.

In addition to warming trends, extremes of warming and variability (i.e., the magrstofle
temperature variations) are increasingQommunty membersnote increased unpredictability of
day-to-day weather(Canadian Arctic Resources Committee et al., 198igre hasalso been a
significantreduction in the numbeof extremely cold days30°C or colder) in the Canadian Arctic
since 1950¢Ford et al., 2018; CCA, 2019; Blair et al., 22Dm paleoclimate studies (proxy
reconstructions), there is wide consensus that the rate of recent warming in northern areas is
exceptional, unprecedented during the whole Holocene (last ~11.7 ka) and possibly also
exceptional in the total magnitude of wming, at least for some seasons and some regions of
the north (Porter et al., 2019)The loss of cold days, changes in snow and ice, and water warming
will impact Arctic marine life, aquatic life, vegetation, the landscape, and northern communities
in many waysClimate models have accurately predicted the decline in extremely cold days
observed during recent decades and they project further reductions in cold days throughout the
21st century.

Subarctic Canadancluding the Mushkegowuk Territgrys subjected tosimilar snowice-
albedo forcings and feedback mechanisms that are responsibleAf@tic amplification of
warming but also hasinique characteristics associated with it®ore southern locatiorthat
requires dedicated studySubarctiaegionsalready experience marfyeezethaw cycles during
which water andsoil fluctuates between frozen and thawed conditisifMorison et al., 2023)
Thesefluctuations occur annually, seasonally, and diurnally in subarctic ar@f#ecting land-
surface characteristigssoil properties hydrologic responsg ecosystem diversity and
productivity, andconstruction and operation of infrastructuemponents There is a whole host
of responses that may occur when the frequency and duration of these phases is dlfi@nbn
et al. (2023) notes U K Itlie capacity of the region to maintain a relatively narrow thermal
window with upper and lower boundaries creates an environment able to support the presence
of organisms that are not found elsewhér8ecause thelerritory spans all of thgpermafrost
zones ands atthe northernlimit of the boreal forestit is a primeaxample of a geography poised
to experience damatic ratesof climate change in the coming decad@dorison et al., 2023;
Morison and Casson, 2023)
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Air temperature

As airtemperature has warmed globally due to anthropogenic climate change, regional air
temperaturesin the soutlwesternHudson Bay western James Bay watersheasve increased.
Temperature increases in the James Bay Lowland range betwee®3°6, with accelerated
warming over the past 30 years, particularly during fall and wirfildochheim et al., 2010;
Vincent et al., 2015; Litvinov, 202Rising surface air temperature (SAT) is most prominent in
the fall season (+0.7 to +0.9°C/decade) and more moderate in spring (+0.32°C/decade)
(Hochheim et al., 2010; Litvinov, 202Cpmmunity members find that solar intensity appears
stronger during winter months, while summers are now longer and hotter. Additional
Onushkego observations include state changes in snow and ice conditions, unusual warm days
and freezing rains during the winter, changes of heat waves to cold days, longer and more
frequent heat waves than previously observed, and unusual cold and hot rdghisg the
summer(Litvinov, 2021)

Extreme temperatures

Air temperature extremes have been changing in the Mushkegowuk Territory, similar to other
northern regions Extremely high summer SAT has been noted in the northern part of the
Territory around Peawanuck (WiniBkve). Between 1998 and 2007, maximum air temperatures
exceeding +3 (range 30.C ¢ 38.1°C) were recorded every year with a complete or near
complete temperature record at the Peawanuck weather stati@unn and Snucins, 2010)
Those years also had between 7 and 20 days with air temperatures abt@e 25

The extremes influence the average SAT and vice versa. According to the Climate Atlas of
Canada, which summarizes results from Global Climate Modelswvdragesummer SAT in the
Peawanuck (WinisRivel region will increase from 11°G during 1972005 to 14C (11.816.1
for the 10"-90" percentile) for the present and nednture period (20212050), assuming
greenhouse gaSGHGEmissions continue to increase at the same rate as they have in the recent
past. Even if GHG emissions are much reduced, uherer average SAT will likely increase to
13.6°C.

Temperature &tremes are also changing iather parts of the Territory. Oring 19762005
Moose Factory/Moosoneen the Moose River watershetiad five dayson averagewith
maximum air temperatures exceeding f@0modellingresultssuggest theywill likely see 11
extremely hot summer days on average during the period 28230 assuming no change in
emissions trendsRecord high air temperaturesvere observed during the fall of 2023 and
summer of 2024 thatranked second and third warmest in the western JarBag region since
1950, respectivelyBallinger et al., 2024)

Generally across Arcticand subarcticareas, the strengthening of heat extremes is
accompanied by aduced occurrence atold events(Ballinger et al., 2024For example, the
F @SNI 23S G SYLISodexirdeheBaie warfhinglakiviice the rate as pairctic annual
temperatures since 197@olyakov et al., 2024According to the Climate Atlas, the number of
very cold days defined by minimum air temperatures bel8@’C will decrease from 26 to 12 at
Moose Factory/Moosonee and from 38 to 16 at Peawanuck.
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Seasonality in air temperature is being reduceithwhe loss of extreme cold days. The
changing frequency of temperature and precipitation extremes can be expected to cause a
change in the likelihood of extreme events such as heat waves, wildfires, droughts, and floods.
Extreme events affecting strearafll and land cover are discussed in subsequent sections of the
report.

Precipitation andrsow cover

Scientific studies predict a shift in the form of precipitation from snowfall to rainfall during the
late winter andearly springpotentiallyleading to a higher likelihood etreme events, such as
severe and/or sudden flash floods in the James Bay water@K#skson et al., 2015; Bush and
Flato, 2019; Litvinov, 2021pther extreme events such as freezing rain and-ocmsnow are
also expected to increase. These events are more likely when air temperatures near the surface
are close to €C, thus, with continued winter warming in theerritory, their frequency is expected
to rise(Walsh, 2021)icing eventdiavesignificanimplicationsfor safety of travel and for wildlife.

It is less clear wdther the total amount ofprecipitation (sum ofall forms)will increase or
decreasen the future within the region For theglobal Arctic, there is general agreement that
total precipitation will increase (309%0%) throughout the twentfirst century. The increase is
attributed to (i) increased evaporation overorthern ocean areaas a result ofeducedseaice
cover, (i) higher air temperaturdhat increaesti KS | (Y 2 & LIK holdisturd andh £ A G &
(iif) increased poleward moisture transpdi¥icCrystall et al., 2021)

Along the coast of western James Bay, models have predicted there couldiaificrease
in mean total annual precipitation under moderate warming conditions y02®ith summer
precipitation increasing -B% by 2050 Bush and Lemmen, 2019; McLaughlin and Packalen,
2021a; Climate Change in Canada | Climate Atlas of Canada,Hoggver, for James Bay,
precipitation and streamflow exhibit high natural variabilagpd different trendscompared to
many Arctic areas. The HBL had a wet period from 1995 to, 2@68h wasattributed to a shift
in regional atmospheric circulation, specifically an anomalous convergence of atmospheric
moisture flux(Champagne et al., 202IJhe moisture convergence wamssiblydriven by the
combination of lowpressure anomalies in the East Coast of North America and in western
regions of Canada, associated with the cold phase of the Pacific Decadal Oscillation (PDO).
Although the wet period did not continue after 2008, sinc®20streamflow has remained high,
which may be attributed to more groundwater discharge associated with the degradation of
permafrost(Champagne et al., 2021)

The snow cover fraction (SC#hichis defined ashe fraction of land area covered by snpw
decreased for the period of 1984015 due to later snow cover onset in the fall and earlier snow
melt in the spring. The decreasing SCF trends align with documented reduction in annual snow
cover duration (SCD) across high latitudes of Canada. Thesdioeduare about two to four
days per decade, or approximately 1% to 2% per decade. Various studies have noted slightly
stronger spring snow cover losses, but alhsistently show reductions in spring SBFown et
al., 2021) The projection of snow cover changes under a high emission scenario (R&i8.5)
shows decreases irSCRhroughout the year not just during springtimeSpecifically, igher
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latitudes will remain cold enough to maintain winter S€¥d intospringbut increasingly there

will be snow loss in the boreal forest, sargtic, and high Arctiduring the periodfrom April to

June. By the end of the century, spring snow loss will stabilize under a medium emission scenario
(RCPA4.5) but continue under a high emission scenario (R@B&sh)and Lemmen, 2019)

The snow water equivalef®WE quantifies the amount of water contained in the snowpack.
Seasonal maximunSWE (SWEmax) decreased over the 1985 period alongside SCF,
indicating less accumulated snow available for spring (Bish and Lemmen, 2019VEwas
projectedto decreaseacross southern Canadzcludingsome parts of western James Bay region
(Figure 6). Consistent with this projectionseasonal maximum SWE (SWEmax) indicates
significantreduction (between 2.5% and 5% per decade through 2050) for the Moose River
watershed and eastern parts of Albany River and Attawapiskat River waterdHed®ver,
than summerdut this is not having the expected effects on snowpadksese workers found
trends of hicker and longetasting snow on the ground fdour distinct subarctic terrestrial
ecosystems in northern Canadwhich they attibuted to changes in the vegetatioshrub
expansion, which is notable along the Hudson Bay coast near Peawaanekfect drifting and
lead to deeper snowpacksDiscrepancies such as theseesulting from interactions between
climaterelevant subsysems, highlight the uncertaintysurrounding snowfall and snowpack
trends in the southern Hudson Bgyvestern James Bay watersheds
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Figure6. Projected trends in maximum snow water equival€®WEmax)20202050. Trendswere calculated from
the multi-model mean of an ensemble climate models (Coupled Model Intercomparison Pr&&tiP5), using a
high emission scenario (RCP&dgrived fromBush and Lemmer2019).

Sea ice and arine climate

The marine climatés importantfor the local climate ecology,and hydrolog of the HBLas
well as summerair temperatures in coastal communitiegVestern James Bay experieisce
prevailing onshore winds, which advect cool, maast from the bay, westward over the
terrestrialland surface In 1990, bservationsfrom a transectextending100 km inland shoed
that cooling éseabreezest developed on approximatey 25% ofsummerdaysand penetrated up
to 100 km inland on occasidiMcKendry and Roulet, 199%lowever, he marine climate in
James Bay and southern Hudson Bagchanged significantly since these observations in 1990
While the 1980s and early 1990s were periods of relatively little warming anétsezhange,
notable ice losses occurred in the late 1990s anddhier (Gough et al., 2004; Hochheim and
Barber, 2014p ¢ KS YINRAYS OfAYFGS FLIWSEFNR (G2 KIF@S dzy
surface water temperatures during the late 199@albraith and Larouche, 201Hecently, it
was demonstratedthat marine heat waves extended periods of five days or more of
exceptionallywarm ocean water are increasing in James Bay. Since 1998, these events have
become more frequent, longer, and hotter, potentially impacting ecosystemgHhieelgrass
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(Zostera marinpbedsalong the east James Bay coéBtuneau et al., 2025)The seasorof
marine heat wavesn James Bay has lengthened batiho May andinto Octobel November
because ofengthening of the opefwater season in James Bay and advection of warm water
from Hudson Bainto James Bay during féllouis, 2024)

One study compared landfast ice properties in James Bay across two p&88as1997and
1998;2016 and projected future changé€3aha et al., 2019Not every parameter related to the
fast ice showed evidence of change across these two periods. For example, they found
consistency in freezap dates where this is defined &0% progress dastice coverageacross
the typical area of the fast ice. This extent of ice coverhgppers generally around early
Januaryapproximately 73 days after the beginniofithe freezing seasoandaroundthe winter
solstice when solar radiation is ahinimum intensity However, freezaup dates on rivers (e.g.,
La Gande and Eastmain rivers, as well fas Rupert Bay were found to have shifted later
because of the warming betweel®80;1997and 1998;2016 They also detected changes in the
maximum landfast ice extent. Overalhean fast ice coverageas found to have decreased by
2.1 km on the east coast and of 2.3 km on the veestst of James Bay between the ear(iE980
1997)and the recen{19982016)periods. Some regional variations in the relationship between
fast ice coverage and winter temperatures were noted, il extent of fast icevaryinggreatly
in the areas betweeiVemindji and Eastmain, south of James Bay in HannalrBhglongwvest
WEYSa . F&dQa O2I aidft Ay S Inygonthdt, khéySaurnhe 2ast icé coverdigea { A L
varied little along thecoast in the La Grande area and southwest of Akimiski Istead the
Moose River region. Future projectiobased on heat flux calculations for future winters anad
greenhouse gas emissions scenasaggestedhat around the yea2050, freezeup is likely to
occur onaverage &3 weekslater than during the 1998016 periodand there may bea
recession of the landfast ice coverage of several kilometers, a delaBafieeks of the freeze
up dates and an advance ofcd0 days of the breakup daté¢$aha et al., 2019)

A recent study examined rates of warming aladgescale sedce changes acrosseveral
regions of Hudson Bay in relation to possible impacts on polar j8teve et al., 2024)hey
found that annualsurface air temperatures over southern Hudson Bay, which includes James
Bay, rose by°C between 1980989 and 20122021. This was accompanied by an increase in the
ice-free period of between 23 and 34 days depending on the method of analyssextension
in the icefree period involved ice loss both earlier and later in the season (i.e., both spring and
fall). This study projected continuadcreaseof the icefree period in southern Hudson Bay with
continued warming, with, for xeample, 3Cwarming extending the icéree period from about
147 days presently to about 210 days.

Seaice patterns in Hudson Bay spring 2024 were unprecedentedvith a wiquely early
opening up of the waters in theoutheasternpart of the bay, whici SR G2 o0l &aAYymgAR
extentfive standard deviationselow the 19792023 averag (Soriot et al., 2025)The event was
caused by astrong pressure gradient between high pressuvger the CanadianArctic
Archipelago and low pressure to the south Hudson Bay, whicled to unusually strong and
persistent winds fronthe east during May 2024 he arly retreat of the sea ice led twarmer
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than average sea surface temperatureshich, in tun,SEG SY RSR GKS A OSTT NJ
southeasternrHudson Bay to 202 days

A separate studgxamined factors causirgw seaice extentin fallandwinter in Hudson Bay,
during which time theseaice is typicallyextending from west to east across the bggrawford
et al., 2025)Focusing on a low seee extent period in December 2010, théysved that a very
strong anticyclone, the strongest autumnewgeroccur over Baffin Bay region @ % N, 53;90~
W) between 197%2023, and recor¢high atmospheric pressure up tt043.0 hPahelped to
produce storms and recorstrength easterlywindsin Hudson Bayhalting and reversing the
eastward advance dhe iceedgeacrosghe bay, and ultimately producing anomolously low-sea
ice extent.In December, the ice in western and central Hud8ay was easier to break up and
push back towards the west side of the bay. Consequently, sea ice advance into the eastern third
of Hudson Bay did not occur until 2 January 20&lrecord 4 weeks later than average (1§79
2023)(Crawford et al., 2025)

Lakes, rivers, and inland waters

Lakes, rivers, and other inland waters in the territory are dilsely responding to climate
change although not necessarily in a uniform mannéy.recent summary report describing
research since 2008 2 y Ot dzR/Ajdaticleéosystemd of the Hudson Bay Lowlands Ecozone
(HBLE) in Ontario are relatively pristine but face growing pressure from hueeed stressors.
Lakes and rivers of this region are also among the most poorly studied in Oh(Batterson et
al., 2020) Emphasis has beguut on fish research and monitoring activities well agesearch
focused ormercury cydhg. Overall research fronthe Paterson et al. tearnas includegrojects
conducted on 23 lakes, 15 coastal rivemth outlets on southerrHudson and Jamé&ay, and 20
small inland streams

Previousstudies focused onpaleolimnology and other sedimentary proxies hasieown
marked limnological changes during the past 20 yeashaillow lakesn the HBL(Hadley et al.,
2019) Astudy examining. 3 lakesn the HBIof northern Ontaricconcluded that after a relatively
cool, stableclimate for hundreds of yearshe lake ecosystems havedeaffected dramatically
since approximately the 1990€Ruhland et al., 2014)This timeline of changen lake
environmentsmatches that in theJames Bagnarine environmen{Bruneau et al., 2025)

Warming temperaturesind earlier iceoff datescan lead to lower water levels in a lgkaless
balanced by increased mean precipitatigw/oolway et al., 2020)A modelling study that
considered all the seasonally icevered lakes across the Northern Hemisphere found that, on
average, the timingofice F¥ KI & OKI y3aISR 068 by duigtakhfo22Rl ¢ a ¥
Furthermore, they projected that by 20ZR099, lake iceoff dates will be 16§45 days earlier.
They linked the earlier ieeff dates to an increase in lake surface temperature during thefte
month or months, and suggested this effect will be amplifrethe future with continued climate
change. A global data set containing records on daily landscape {teare status as
determined from satellite (passive microwave) remote sensing is allowing increased study of how
ice is changing over lakes and rize@ven in remote area®im et al., 2017)
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Streams across northern Ontarare likely being affected by warming and will be further
affected with continued warming. However, water temperature has not been an element
routinely measured in Canadian hydrometric netwofkang and Kane, 2028s noted by MNRF
(2021), there is a notable lack of stream temperature data in northern Ontario. This poses a
challenge for confidently detecting trends. Based on findings from a study that analyzed stream
temperature data from 19 sites across the Unitethtes and 54 sites from the Water Survey of
Canada's hydrometric network within the province of Ontario, confidently detecting stream
temperature trends required an average of 12 years of daily data metrics. MNRF has developed
temperature models to predt average stream temperature in July across the province of
Ontario based on a statistical approach and 8argof climate data from which they classified
streams into five thermal class€@MNRF, 2021)

Limitations

Current climate modelling and impact prediction efforts are hampered by scarcity of
climatological data for the Mushkegowuk Territory, particularly for coastal areas near southern
Hudson Bay and James Bay. The only-teng weather station in Moosonee has data spanning
over 30 years, but this is not sufficient to capture microclimateateoms across the region

Beyond data deficiency, multiyear climate variabilityriven by natural oscillations such as
the North Atlantic Oscillation (NAO) and Arctic Oscillation tA€@)nplicates the identification
of longterm climate trends. This variability can cause changes in ice cover, snow patterns, and
precipitation which further contribute to uncertainty slimateprojections(Vincent et al., 2015)

Developmentandresourceextraction

Northern Ontarig including portions of ie Mushkegowuk Territorys at the cusp of major
industrial development and resource extraction. The discovery of rare min@atsirio, 2022;
Macklem, 2003; Hjartarson et al., 2014)d the increased demand for hydsectric power
generatond hy G NA2Qa [2y3 ¢SNY¥Y 9ySNHe tfly HamTY
2022a)may change the economic picture of thegiondramatically in the near future. These
industries will profoundly affect ecological processes in development zonekeaaldareas and
may have consequences for aredewnstreamand experiencing cumulative impacts from
multiple developments as well as climate change
Mining

To our knowledge, lte first mine in the region watie DeBeers Victor opepit diamond mine
in the AttawapiskatRiver watershed. Diamonds were discovered in the AttawapisRater
watershed in the 1980s&ind the mine was in operation between 2008 and 2019. While in
operation, it produced 8.3 million karats of diamon@ur Mines, Canada, n.d.)

In 2003, valuableninerals,namely nickel, a key componentetectrical vehicldatteries, and
chromite, a rare mineral used in stainless steel productiwerediscovered in the Winisk, Ekwan
and AttawapiskaRiverwatersheds in an area known as tbiRing of Firé (Canada, 2025)This
was the first major chromiundepositdiscovered in North Ameri¢cas of 2014, it was considered
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enough to sustain the mining industry for a century and generate over $25 Billion GDPdooOnt
(Hjartarson et al., 2014)

Currently within the dRing of Firé, the Eagles Nest Mine is the first mine to underg
environmental assessmenthis underground mine owned by Wyloo will be in operation fer 12
20 years. This mine is designed to have a minimal footprint and to keep all tailings underground
to reduce its environmental impact. Once in operation it will produce nickel, copper, patiad
and platinum. Several othejunior mining companies,in particular Juno, are increasing
exploration in the area.

As the push to extract the rare minerals in thiRing of Firéincreases, protective legislation
is beingamended in ways that many consider to be weakening environmental protections and
the influence of First Nations over development. For exampl023, the Bill 71Build More
Mines Act was put into plac&Vhile the stated intent waso increase the feasibility of mining in
Ontario, many feel it cameat a cost of reduced oversigh&irst NationQinvolvement, and
financial assurance of remediation at mai closure(Benoit, 2023; Linklater, 2023; Proposed
Building More Mines Act, 2023) early 2025, Bill:3?rotect Ontario by Unleashing our Economy
Actwas proposednd enactedThisBill grants exemptions tprojectsA y WA LISOA L SO2y 2
from complying withexistingregulations, including environmental protections ar@hsultation
of local communitiegStephen Lecce, 2025)his Bill could be detrimentébr the environment
not only at sites of development, but also downstream, impacting commurahes$-irst Nations
that callthis Territory home.There is concern rising due to the reductionrektrictions on
regulations and responsibilitigsat arenot onlyin place to ensure the environmeist protected,
but that proper consultatiorwith local leadership and First Natiorssconducted.

Figure 7 shows recent information about mining claims made in the Territory as compiled and
shared bywildlife Conservation SociefyvVCS)Yana& (Meg Southeg In Ontario, mining claims
can be made on First Nation territory through an online portal without consultation or consent
of First Nations. These claims give mining companies the rights tonargrals found in that
claim and, with an early exploration permit, they are allowed to clear areas, build buildings, and
drill for minerals(Southee et al., 2023he mining claim process is currently under questioning
in court for being unconstitutiondéd by severaHrst Nations(Hercus, 2024; Law, 2024)
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Figure7. Mining claims showin dark red shades and key infrastructure skmaw colorful circles representative of
communities (green circles), education (blue circles), roads and bridges (orange circles), and recreation (red circles)
acrossnorthern Ontario Data sourcee WCS Canad(Meg Southeg and Ontario Builds: ouinfrastructure plan

| Ontario.ca

Waterdiversions andhydroelectricpower developments

Of the rivers flowing intavesternJames Bay, only the Albany and Moose Rivers have extensive
water control structures. The Albany River has had three water diversion projects, the Long Lake
diversion completed in 1939 and the Waboose Dam on the Ogaki river completed in 1943 which
both reraute flow into the Great Lakd®ayet al., 1982pand the Lake St. Joseph Dam constructed
in 1957 which reroutes the water into the English and Winnipeg Riyeoot River Control Dam,
n.d.). These projects were completed with little preventative remediation, (h&t clearing trees)
and led to significant ecological (fish pdation effects due to increased turbidity and
sedimentation), geological (erosion) and social impacts (navigation, low aesthetic, vethile)
providing profit through increased hydropower downstream and easier pulp wood
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transportation(Day et al., 1982)Currently, the Moose Rivevatershed is the only watershed in
the Mushkegowuk territory withmajor hydropower developmeni(Figure 8) It contains 14
hydropower stations built between 1911 and 2016. These power generation stationslddée
a2 2F O2ttSOGAGS LIRHSN) OF LI OAGE | YR (iésR RdzOS
2025)

Several watersheds in northern Ontario may see furtingdroelectric powedevelopment in
the coming decadeseveral studieswere conducted15-20 years agdo identify locatiors with
high hydroelectric power potentiaglHatch Acres, 2005; Hatch, 2018ut the current 25 MW
minimum limit in place for much of northern Ontari®PG, 2022a; Renewable Energy Program,
Biodiversity Branch, 2010jeduces the feasibility of hydro development in most of the
Mushkegowuk territory The threshold25 MW of power, is often unable to make up for price of
construction. As it is excluded from this limit, the Moose Rwatershed maybe of interest for
further development in coming decades to meet rising energy demands. OPG has suggested 9
locations within the watershesbf the Abitibi, Mattagami and Moose Rivers, which if constructed
would lead to 6401250MW of additional powe(ieso, 2022; OPG, 202245 of April 2025, OPG
has announced two locations in tidooseRiverwatershed they argursuing Nine Mile Rapids
Generating Statioron the Abitibiand the Grand Rapids Generating Station the Mattagami
Riversthat would provide an additional 430MW of power capacity(Lower Mattagami River
Redevelopment Project, n.d.; Ontario Pursuing New Hydroelectric Stations in Northern Ontario,
n.d.). Additionally, 2 smaller sites on the Severn and Windigo Rivers with up tdV85of
collective potential power have been suggested as their proximity to the Wataynikaneyap
transmission line project significantly decreases their cost of construgteso, 2022; OPG,
2022a) With increased energy demands from mining development and southern populations
OhydFNA2Qa [2y3 ¢SNY 9ySNHeEe tfly ,vressurelis 5St A QD
increasing to remove the 25 MW Iim{OPG, 2022a)lf lifted, development of 8 additional
suggested sites along the Albany and Attawapiskat Rivers could lead to an additiorisd0&80
MW of power productiofOPG, 2022a)

Dams and reservoir constructipand subsequent flow control on regulated rivérave many
environmental and social impacttigon et al., 1995; Rosenberg et al., 1997; Maavara et al.,
2020) Dams changstream flowregimes, fluvial geomorphology, and sedimentation patterns
both upstream and downstream of the structuf@randt, 2000; Mosher and Martini, 2002;
Schmidt and Wilcock, 2008)ams impede historically used transportation routes of people and
impactfishmigratory movement. Large dams and reservoirs alter contaminant concentrations in
aquatic food webs and important fish specigescord et al., 2024as well as altering carbon
and nutrient cycling(Maavara et al., 2020; De Melo et al., 202PDam and powerplant
construction causesrainflux of people and jobs during and after constructiand requires
construction of additional infrastructure for long term operation and maintenance
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Figure8. Map of hydropower damlocations protected areas, watershed boundaries, and Mushkegowuk Territory.
SourceEnergy/clean energy dams reservoirs (MapServer)

Transportatiorinfrastructure¢ Roads and transmission lines

Transportation infrastructure connects communities allowing for easier flow of people and
goods.Currently, thecommunities located along the southern Hudson Bay and James Bay coasts
are without yeararound roads. A winter road connects Moose Factory, Moosonee, Albany,
Kashechewan, and Attawapiskét second winter roadonnects Fort Severand Peawanucto
Gillam MB, where the all-seasonroad begins Two rail linesggo throughthe Lowlands, one
reaching the Hudson Bay coast at ChurdkiB and the other ending at Moosone®N(Abraham
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and Keddy, 2005)Several road construction projects are under various stages of proposal
includingMatrtin Falls Community Access Road, Webequie Supply Road and The Northern Road
Link. Thes@roposedroadswill run to the Rng of Are and increase access to communities and
mining sites year around.

Transmission lines transport power between where power is generated to where it is used
at communities and industrial areas. Currently, the only transmission lines in the region connect
Moosonee,Moose Factory, Fort Albany, Kashechewan, and AttawapisktietdMoose River
hydroelectric power generating statiosdthe southernpower grid As of the end of 2024he
Wataynikaneyap Transmission Projecompleted construction and begun powering 4
communities6 2 I G @y Al FyS@lr Ll t 2SN /2YLX SGS&a /2y aidNdz
2024) Inthe future, KA & LINRP 2SO0 gAtt O2yySOG mt O02YYdzy Al
grid, transitioning these communities from diesel fuel poweneration(Wataynikaneyap Power
[ 2YLIX SGSa /2yaaNHdz0GA2y 2F. GGKS [AyS GKFEG . NRY

The price of large infrastructure projects such as mines and leyettyicdams increases
with remoteness in part because the project is then responsible for building the supporting
infrastructure to connect it to the larger supply chain. Once roads and transmissiorhanes
beenconstructed, locations that were once too remote to be cost effective become feasible and
attractive.Socieeconomically, building roads in these remote areas accelerate development
by increasing accesdespiteenvironmentalconsequences
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State of Knowledge for Key Indicators and Recent Trends

Selected Indicators and Sources of Information

A literature search was conducted for peeviewed literatureand other studies and reports
providinginformationon selected indicatoref watershed changélhesearch largelyocused on
natural science studie®lated tothe NS 3 Awatgrsh€dswith amore limited review of relevant
social science articles pertaining to Cree landargginvolvement in participatory resear¢f.g.,

. Additional information was availablefrom reports created by local organizations,
development companies with reporting obligatigrend scientific staftonducting work in the
region (e.g., Litvinov, 2017; Litvinov, 2021 Additionally,information was foundin baseline
studies of rivers flowing toward Hudson and James Bagducted by Mushkegowuk Council and
associated Nationsfor example,the Aquatic Baseline Study Report for Attawapiskat River
(prepared byLitvinov, 2016)reports attributed to theWWF 2020) Dr. Nicole BallistofBalliston,
2022) and provincial reports prepared by staff from the Ontario Ministry of Natural Resources.
Neverthelessmuch of theongoing relevant research in the region is not yet published or publicly
I oAt 0tS SEOSLI Ay GKS oNRIFIRS&G GSN¥ao ¢Kdza =z
R 2 O dzYah¢idisygested tbe updatedannually or as new studies, results, aneports are
published.The following sectiondetail thesignificancestate trends, and challenges of specific
indicators selected by thauthors¢ KS dza S 2F (RSoHSENDKPAFERA DR O RELI
that can be used to indicate changes are occurring in the natural environment within this region
in the past, present, or future

Permafrost
Significance

Perennially frozen prmafrostsoilsform where the ground loses more heat than it gains due
to sub-zeroair temperaturefor prolonged periodsSituated on top ofhe permafrostis ancactive
layer€ that freezes and thawdy season, withts depth depending on characteristics of the
surfaceenergy balance and soil moistu@ough and Leung, 200Bermafrost, where present,
shapes many aspects of the landscape, including vegetation, peatland distribution, surface and
subsurface water dynamics, carbon storaged release etc. It plays an important role in
maintaining the storage of carban peatlandgFrey and Smith, 200&nd contaminants such as
mercury(Thompson, 2023)

Widespread prmafrost thawis one of the most significant impacts of the rapid warming of
high latitude areas (nearly four times faster than the global average since the 1980s). Permafrost
thaw canalter hydrological systems by changing water flow patterns, raising water tables, and
expanding thermokarst lakes. This affects wetland ecosystems, river systems, and the availability
of freshwater resources, which are critical for both natural habitats and drucommunities
(Walvoord and Kurylyk, 201@ermafrost thawcanalsosupportlateralwater transportaadoss a
larger soil cross sectiomwith the concomitant transportof old carbon, which has been largely
shielded from active participation in the global carbon cycle for thousands of {¥ark et al.,

2025) Because Hudson Bay and James Bay are strongly integrated with their surrounding
watersheds changes in river delivery of carbon and freshwater will have biogeochemical and

37



ecological impacts on the receiving mariaeosystem includingthe possibility ofincreased
greenhouse gas emissiora)d increasedulnerability toocean acidification

Past permafrost studies include attempts map permafrost extenin the region Reld data
can be used to magpatial distribution of permafrosindactive-layer thicknessvhereavailable,
but data is oftenlimited asit is difficult to monitor the changes in the fietaber a large area.
Consequentlysatellite imagery has become popular for regional scaepmng This technique
delineates permafrost extenby identifying permafrostelated features in satellite images
Indicator features includeegetaton typesand permafrostassociated landforms such &sst
mounds, hummocksce wedges, polygons, thermokarst features, etc. (&gguay et al., 2005;
Hachem et al., 2009; Nguyen et al., 2009; McLaughlin and Webster). Piffliay et al(2005)
provides an overview of key satellite remote sensing techniques for mapping permafrost using
optical wavelengths, microwave remote sensing, including Synthetic Aperture Radar (SAR). One
of the challenges of using remote sensing data to map subsurfacegbersh is the need to
detect proxy variables rather than the frozen layer direcilgus,satellite-based classification is
at its best when coupled with field measurements.

Permafrost mapsalso have been created using indirect factaach asMean Annual Air
Temperature MAAT), soil type and moistureontent, vegetation and snow coviesnd water
bodies that influence thaw depth (e.g., taliks unddakes) together with processbased
permafrost modelgZhang et al., 2003; Zhang et al., 2006; Zhang et al., 2008} the period
20122016, maps of permafrost distribution at 30 m x 30 m resolution were made using a
processbased permafrost model (Northern Ecosystem Soil Temperature (NESIQh had
been previously validateé@nd used to map permafrost at halegree latitude/longitude across
CanaddZhang et al., 2003; Zhang et al., 2006; Zhang et al., 2008)12, a high resolution map
was produced for an area in northwest HBL (Wapusk National Park, Manitoba), which straddled
the boundary between continuous and discontinuous permafrost zones and the tre@hiaag
etal., 2012)In 2016, the model was usdadr the first time to map an area further south (central
HBL in northern Ontario), where permafrost exists only sporadically or in isolated p&f@hes
al., 201&; Ou et al., 2016). Modelling permafrost in this second area was challenging because
it is shallow anddynamic, with its extent beingensitive to changes in climate and ground
conditions(Ouet al., 201®).

State and Trends

According tahe National Atlas of Canada and datalely usedn scientific publicationée.g.,
Figure 1in Olthof and Fraser, 2024Mushkegowuk Territory spans all permafrost zgrfesm
the unfrozen zone ithe extreme south ypper part ofMoose River basij through isolated
patches, sporadic, and discontinuopsrmafrostmoving northward, and includingontinuous
permafrostin northern James Bay and along tHedson Bay coag¢Figure9). However, morthern
permafrost conditions have significantly changkding the past few decadesnd will continue
to change in the futuré¢Zhao et al., 2021fFigure 10 shows permafrost distribution in the territory
based on datdrom a more recent period 20002016 as describedn Obu et al. (2019and
incorporated into the ARCADE databalseths map, continuous permatfrost in the coastal region
of northwestern James Bay Balmost disappeared having been replaced by discontinuous and
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sporadic permafrostAll the permafrost zones show a northward shift in the study reghin.
most, only about 4% for the Ekwan, Winisk and Severn watershaddeven lessn the Moose
River and Albany watershetisve permafros{Table 3)Permafrost database&.g., Olthof and
Fraser, 2024have higher spatial resolution than the Northern Hemisphere Permafrost dataset
but may not reflect current conditions because they are based on observations from 1978 to
1997, before major regional climate shifts of the late 198Yscomparisorthe Obu et al.(2019
dataset is based othe period of 2000to 2016.

Observations ofarge reductions in permafrosextent are consistentwith modelledresults
(e.g.,Zhang et al. (2012) and Ou et al. (28)6which siow that continuous permafrosbn the
western side of southern Huds@®ay and James msuch reducedelative tothe extent shown in
Figure 9. Additionally, these studies indicate thatthere has been a reduction in discontinuous
permafrostby area imorthern Ontario.

Thecurrentdistribution ofpermafrostandits future fatein the region remaimmportantareas
of research.Natural Resources CanaddRCAN™incipal InvestigatorYu Zhanpis working to
improvemodel permafrosestimatesin the region based on newly available data for land cover,
ground temperatures, snow cover and other properties and previously tested mdfefse
previous projection®f permafrost fateare available. For exampl&agnonand Gough(2005)
assumed mean annualir temperature(MAAT) andnean annual ground temperature (MAGT)
equilibriawould resultin a35 to 67%ossin permafrostby 2100in the HudsorBay regionwhile
losses (~1%) in permafrost occurrencen the HBL during th1st century (McLaughlin and
Webster, 2014)

(Ou, LaRocque, et al., 2016; Ou, Leblon, et al., 20863 the Northern Ecosystem Soill
Temperature (NEST) model to map permafrost conditions in the Attawapiskat River watershed
within two different time periods, 1961970 and 2002010. They showed that permafrost
decliredfrom ~ 9.8% of the study area to ~9.4#tween the two time periodsassociated with
warming. Additionally, the active layer thickness deepened by 20.5% in response téCa 1.9
increase in air temperature and a 2.4% increase in precipitation. Uncertainties associated with
the modeling incluéd: (1) poor spatial and temporal resolution of weather data, (2) estimation
of regional scale Leaf Area Index, (3) outdated land cover and surficial material(soape
dating back to 1932), (4) lack of direct water table levels and-faie measurements, and (5)
reliance on onaedimensional (vertical) water and energy balance modeling without consideration
of lateral water flow.

39



—— North America Rivers
— Watershed Boundaries
,_: Mushkegowuk Territory "
Permafrost and Ground Ice Conditions TS Lake

,- Continuous Permafrost (90-100%) Supe[l\c?\r
I Discontinuous Permafrost (50-90%) \\\
0 sporadic Permafrost (10-50%) \

= Isolated Permafrost (0-10%) J o

Iy WL~ N

Figure9. Permafrostdistribution (in various shades of purplé) the study regionof the southernHudsonBay-
westernJames Bay watershe¢black outlinespased on datdrom the 5th Edition (1978 to 1995) of the Permafrost
dataset,National Atlas of CanadRermafrost, Atlas of Canada, 5th Editiddpen Government Porthl
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Table3. Fractionalpermafrostcoveragefor the severmajor watershedsestimated from the Northern Hemisphere
Permafrost dataset (Obu et al., 2018s shown in Figure 10.

Watershed Total
River . ooverage of Coninuous Disontinuous Sporadic Isolated
area (kn¥)
permafrost

Severn 99,884 0.058 0 0.005 0.243 0
Winisk 64,656 0.044 0 0 0.211 0
Ekwan 21,871 0.053 0 0 0.2950 0
Attawapiskat 47,903 0.005 0 0 0.030 0
Albany 130,465 0 0 0 0.0002 0
Moose 106,455 0 0 0 0 0
Harricana 30,015 0 0 0 0 0

Watershed area derivedrom ARCADE database (2023)

Total coverage ofpermafrost: Fractional permafrost coverage(all types)

Continuous: Fraction of watershed area underlain by continuous permafrost (>90%)

Discontinuous: Fraction of watershed area underlain byliscontinuous permafrost (50%- 90%)

Isolated: Fraction of watershed area underlain by isolated permafrost (10%50%)

Sporadic: Fraction of watershed area underlain by sporadic permafrost (<10%)

Dataset Name: Northern Hemisphere Permafrost Probability FractiorSource spatial resolution: 926.7 m
Link: https://doi.pangaea.de/10.1594/PANGAEA.888600Reference: Obu et al., 209

Challenges

Studiescited abovehaveemphasized theneed to continue and expand the monitoring and
modelling of the permafrost variables, particularly ground temperature and active layer
thickness. In terms of modelling, a comparison of observations and models shows that ground
temperature profiles can varin proximity under the same annual air temperature regime.
Typically, permafrost models take a edenensional approach considering only heat fluxes
between the air and the ground, however heat can also flow laterally within the ground. This can
happen br example between an unfrozen lake surrounded by frozen,said thus should be
represented in model thermodynami¢ghang et al., 2024)

Observations from the northern HEkone of continuous permafrostas recently beguat
Churchil] MB by Laure Gandois antb-workers are needed to improve understanding of the
ultimate fate ofthe carbon storesvhen permafrost thawsWhile it is generally accepted that
ground subsidence and changes in hydrological pathwalygyraduallytransform permafrost
peatland mounds (pals&) thermokarst bogs, thefarger bogs, and ultimately to inundated fens
the carbon balance hard to assesicreasedluxes ofCHfromi K S Wategogpad soii may
be partially compensated or even outweighed entirely by increaseglSEQuestrationin the
newly productive ecosystem and accumulaty peat. Nutrient availability and microbial
communities may influence the outcom€&urthermore,carbon releases viéateral losses of
water-borne DOQeed to be consideredlongsidegas fluxes(Gandois et al., 2019)
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Permafrostthaw also hasa destabilizing impacbn landforms andnfrastructure and hence
land useplanning(Schneider von Deimling et al., 202R)jverbank collapse due to permafrost
thaw iswidely observed irthe region,even in areas without palsas or other obvious permafrost
landforms, and warrants studyin terms of downstream impacts on aquatic andmarine
ecosystems Implications are discussed furtherin subsequent sectios (Hydrology Carbon
Storageand Water Quality.

Surface Water Distribution and Dynamics
Significance

Variation in the distribution ofurfacewaterremainsa key source of uncertaintyn the future
ofthel . [ Qa LISFGflFyR OFNb2y ai2NB dzy RSNJ OnNR 2SO0 !
drying, the peatlandscould shift away from the persistent anoxic, wateaturated conditions
that have beenresponsible for the slow decomposition rates of the peat. It is the cool, wet
conditions that have supported high peat accumulation rates in boreal and subarctic peatlands
during the past 6000 yearsVith drying the peat will decompose more quicklp an oxic
environmentwith accordingly higher emission ratesa#rbon dioxideA point may be reached
where highercarbon dioxide emissionsould overwhelm any benefits of reduced methane
emissiongMorris, 2021) Drying can also affect plant community composition leading to changes
in evapotranspiration and ground temperatures. Thawing permafrost sets up its own feedback
with respect to surface water distribution and wettingrsusdrying of peat.

State and Trends

The HBL is regarded as the wettest ecozone in Canada with 80% of its area covered by
wetlands of one form or another. However, only very receimgsthe distribution of surface
water and wetlandeen mappedPrevioussatellite-derived global water and wetland data sets
5% and 21% of the are@n their own hese estimatesvill underestimae the surface water in
the HBL as the satellite dataill not detect water beneath wetland vegetatio(Olthof and
Rainville, 2022; Tootchi et al., 2019)

YILJA 6SNB GoAylFNEBé Ay (GKIG GKSe OflaaAFTASR St
mapsshowedon average, 66.3% of tHéBL wagovered by waterWhile these estimates were
considered an improvementhey noted that many water features in the H&Eere smaller than

the pixelresolutionand missed from the inventory

with machine learning and physical modeisievelop a Landsdiasedsurface water timeseries

over the HBL from 1985 to 2021, with sBB m resolution(Olthof and Fraser, 2024kollowing

the Government of Canada Open Data initiative, the dynamic surface water maps are available
to the public atAnnual subpixel Landsat surface water maps of the Hudson Bay Lowlands from
19852021 - ECCC Data Catalogdis productshowed that across the HBL, there was overall
wetting in the HBL over the periatB852021. Thetime seriesshowed widescale&rying from
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1985 to 1990, followed by progressive wetting to 2021. There were also broad spatial patterns
indicating a general drying trend in areas with lichen peat bogs within the interior of Wapusk
National ParkBrook and Kenkel, 2002hd bogs located inland of Hudson Bay. Conversely, there
were wetting trends in coastal fens near the Hudson Bay c@BtNRF, 2014a)nspection of

data mapped irFigure 11 suggestirying in thenorthern part of the HBLspecificalljbetween
Churchill and the Nelson Rivaand between the Nelson and the Severn RiBlue colours
suggest wetting nearhie Winisk Ekwan Albany and Attawapiskat RiverIn the Moose River
watershed, there is a pronounced brown are@lentifying adrying trend. The hawing of
permafrost(i.e., solid to liquid) may have contributed to the wetting tremdwever,hydrologic
changes resulting from permafrotaw are complex.

Percent change

Challenges

The future trajectory ofoil moistureof the HBL remains uncertgibut speculation points to
overall drying due to climate changk general, precipitation in the Mushkegowuk territory is
expected to risg¢Fekete et al., 2010; Bush and Lemmen, 2019; McLaughlin and Packalen, 2021a;
Climate Change in Canada | Climate Atlas of Canada, Smyltaneouslytemperaturesare
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rising increasinggvapotranspiration (ETThe airrent thoughtisthat increasesin ET willoutpace
anincrease in precipitationywhich willlead to drier conditions overalFekete et al., 2010; Bush

and Lemmen, 2019; McLaughlin and Packalen, 2021a; Zhang et al., 2021; Elmes et al., 2024a)
Indeed, dpbal models and data analyses shamnual ET over the northern regiohas already

beagun to rise (Zhang et al., 2021 Although drier conditions appear to be the overall future
trajectory of the HBLIt is likely some parts of the HBL will become wetter while other parts
become drier especially when factoring in permafraetiw (Walvoord and Kurylyk, 2016)

Land coveand wetlands
Significance

Wetlands are alefining feature of the territory They are responsible in large part for the
massive carbon stock in the regiand support a higldegree ofbiodiversity.Additionally, the
distribution of wetlandsmpactstravel across thexpansivdandscape.

Wetlands are defined as areas of land that are saturated with water for aluchof the year
(Mitsch and Gosselink, 2007They are broadly classified imoganic wetlandsdeatlands), which
includebogsandfens,andmineral wetlandssuch ashallow open water wetlandsnarshes and
swamps many of whichdo not accumulate peatHistorically, wetlands were often drained to
repurpose land for development or agriculture, but with the 1971 Ramsar Convention, and
recognition of the importance of wetlands in the United Nations Sustainable Development Goals
(Indicator 6.6.1), the rate fowetland loss has slowedlobally (FluetChouinard et al., 2023)
Scientific research has shown the importancemeftlandsin terrestrial water storage, quality,
and supply; evapotranspiration; lafid-ocean carbon export; emissions of greenhouse gases,
including carbon dioxide, nitrous oxide and methane; nutrient dynamics; flood regimes; and
groundwater rechargéFluetChouinard et al., 2023)n the HBL, wtlands of various typeare
found (e.g., bogs, fens, salt marshes) &mbwn to be importantto varying degreesor bird
habitat, biodiversity conservation, and other services, including water purification and carbon
storage(Harris et al., 2022; Finkelstein et al., 2023)

State

Mappingthe spatial distributionof wetlands and foresthas been prioritized by governments
interested inland use planningndby researcherseeking tascale up sitespecific measurements
to quantifyl K S  NBafbansydRsi Efforts to generate more detailed maps of land cover and
various wetland types are underway by ECCGrrently available land cover information
however,as it relates to open watekvetland and vegetation types is providedkigure 12and
summarized imable4 based on data from the Ontario Land Cover Compilation V.2 map/dataset
that was published in 2014. It is one of the most extensive land cover products in the area to
date. The area ofelevance to this report is containedtine Far North Land Cover V1.4 mdgis
mapindicatesthat wetlandsare the dominat ecotype in theNB 3 Awatgrshédswith bogs, fens
and swamps covearg about 55% of theurfaceacross the western James Bay watersh@asble
4). This region also has significaarmountsinterspersedopen water(10%)and, in the south
west, coniferous forest(13%) (Table 4) In the northern HBL, the landscape is defined by
permafrost features includingpalsabog-fen-pool/pond complexes and small laké®artini,
2006)
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Notably absent from the land cover maps are coastal wetlands (Fig)raVith only 30 m
resolution in the satellite imagery used for the mapping, coastal fens and marshes are hard to
distinguish(M. Pellatt, pers. commMigher resolution mapping and drone imagery are being
dzZaSR (2 AYLINRBGS (GKS NBLINBaSyidlidAzy 2F O2Faidlf
involves collaboration between ECCC, P&#sadaanduniversityresearchers

[ watershed boundaries from OWB 4 - Mudflats 14 - Mixed Treed
dataset B s - vacsh I 15 - Coniferous Treed

& - Swamp 18 - Disturbance

Land Cover Type 7 —Fen
25 - Sand/Gravel/Mine Tailings/

B 5 - Other E - Bog
B -© - Cloud/Shadow 10 - Heath W 26 - Bedrock
I : - Clear Open Water 11 - Sparse Treed I :7 - Community/Infrastructure
I : - Turbid Water BN 13 - Deciducus Treed 28 - Agriculture

Figure12. Land cover map for the seven major watersheds (portions located in the province of Oateatio

46



Table4. Summary of land cover types in the southern Hudson-Bagstern James Bay watersheds study area based

Land cover typé Area (kn) Percentage (%)
Clear Open Water 60,078 9.9
Turbid Water 3,608 0.6
Marsh 589 0.1
Swamp 85,562 14.2
Fen 105,784 17.5
Bog 138,761 23.0
Sparse Treed 16,546 2.7
Deciduous Treed 13,417 2.2
Mixed Treed 35,081 5.8
Coniferous Treed 79,220 13.1
Disturbances 61,906 10.3
Sand/Gravel/Mine Tailings/ Extraction 236 0.04
Bedrock 391 0.06
Community/Infrastructure 1,027 0.2
Agriculture and Undifferentiated Rural Land Us 537 0.1

1The Far Norttiand Cover consists of 26 land cover types and was updated in 2014 from arooigetd
classification of Lands#& TM satellite images acquired between 2005 and 2011. The FNLC was produced as 3
overlapping raster maps, one for each UTM zone in norti@mtario, with a pixel resolution of 15 meters. Some of
land cover types with very low percentages (<0.05) have been removed from the list.

Wildfiresimpactsurface cover andre monitored closely and publicly reported by the Ontario
Ministry of Natural Resources (OMNR) (Figure 13). There is concern that the frequency of
wildfires is increasing because of climate change, although for many regions a direct causal link
has not ben established. Increasing human activity can inadvertently lead to increased forest
fire frequency when combined with hot and dry conditions. Regardless of the causes of the
increase in forest fires, they have massiveedi human impact (loss of infrastructure, wildlife,
and human lives, etc.). The frequency of forest fires is also believed to erode a region's carbon
sink capacity as discussed by Virkkalla et2825) Wildfires lead to increases in lateral water
borne carbon release, both in dissolved and particulate forms. They also increase erosion and
transfers of other elements such as trace metal contaminants like mer&estails are provided
in subsequent sections.
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Figurel3. Fire disturbance areas between 2000 and 2024 based on the final burned areas created from the data
source:Fire Disturbance Area | Ontario GeoHub

Trends

Currently, research has been focused on mapping high resolution and actamdteover
maps There is too much uncertainty to assess temporal trends in particular types of cover across
the region.However, we can speculate on some expected changes in doeeto changes in
climatic and industriatonditions.

The vast HBL wetlands are considered mostly infieller et al., 2014; Dredge and Dyke,
2020; Li et al.,, 2025a)however, warming, coupled with thawing and potential drying of
permafrost, pose regional and local threats to the wetlands and their services, including carbon
storage.Wetland extent and properties aressitive to: 1. wetting and drying; 2changes in the
marine environments storminess or eustatic sea level risecBmate-driven changes in water
properties including within the lakes and riverssuch aschanges intemperature and
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colour/clarity (eg., browning of rivers)4. water level fluctuationsn response to river and stream
discharge, including changesth river regulation and 5. northward advances ofouthern
vegetation(McLaughlin and Webster, 2014arge scale industrial developmestich as mining,
and associated activities (e.g., road building) are also considered potential thretits KHBL
wetlands(Harris et al., 2022)

Water level has one of the largest influences on cover class isubarcticpeatlands Several
studies using remote sensi@gd groundsurveyshave identified that surface water is the main
driver of shifts in vegetationjncreased drying leads to increased tree and shrub vegetation
OGANBSYAYyITevs gKAETS AYyONBFaSR ¢gSiaAay3a fSIRa
0 & 0 NB g(MdéLsughdinband Webster, 2013; MyeSsith et al., 2020; Li et al., 202This
relationship between water and cover class can be observed as the permafrost melts. Peat
plateaus create a dry, wellraining habitat that support black spruce dominated foregts.
permafrostthaws the plateau collapses and the whole ecosystem undergoes a community shift
from black spruce dominated forest to peatd sedgalominated wetlandBaltzer et al., 2014)
This begins a feedback loop as the permafrost melts at a faster rate along the edges of these
WF2NBadSR AatlryRaAaQ RdzS (2 RSOBBtrenctdr, 2a18AsRA y 3
current climate models predict overall drying in the Mushkegowuk terrifdfgLaughlin and
Packalen, 2021bjve can expect an increase in forested areas in the future, though this shift may
not occur for many decades or even centuriekyd, 2005; McLaughlin and Packalen, 2021b)

The relationship between water level and shifts in cover class is not always straightforward
For example,n areas where flooding has occurred due to infrastructure projects, widespread
tree die off has not always occurréBocking et al., 2017; Elmes et al., 2022)is may be due to
the presence of sphagnum moss which can modulate the effect of water table level on other
vegetation in the ecosystem as the surface of the peat rises and lowers with the water level (i.e.
G YA NS o KRButlei, KOA1yNHjE eTal., 2009 higprocesscan protect other vegetation from
the effects of draining or floodinge(mes et al., 20324 slowing changes in cover class due to
changes in water levels. This suggests there is a threshold of water level changes that peatlands
can withstand, and, if that threshold is met, either through drainage for mining or-temg
drying due to increased evapotranspiration, the resilience of the ecosystem is significantly
reduced This leaddo decreased carbon storage, increased wild fires and reduced primary
production (Harris et al., 2020and ultimately a shift in cover clagblcLaughlin and Webster,
2013)

Coastal wetlandsare a special case améquire dedicated study. Thewre vulnerable to
changes in inland hydrology as well as the marine climate (e.g., loss of sea ice, increased
storminess) and nearshore productivity. Past work in the coastal wetlands of the HBL includes
biological and physicochemical observations of talasetlands along coastal transects of the
James Bay coastlin®lartini et al., 1980; Glooschenko and Martini, 1983ant communities
associated with brackish vs more saline conditions and sedimentary depwsis been
described Impacts of increased numbers of lesser snow ge€belf caerulescens caerulesgens
2y ©S3ASOFGA2y yR az2if SNEPaasygtudied(lefieriesSet dl., [ QA&
2006)
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Coastal geomorphologwas describedn detail in several areas by Martini and colleagues
(Martini et al., 1980; Glooschenko and Martini, 1983; Martini, 1986; Mosher and Matrtini,.2002)
They documented a number ofoastallandforms related to sea i¢ancludingjig-saw puzzle
marshes, boulder push ridges, shallow circular depressions, boulder pavements, scours
generated by moving ice floes, ice pressure ridges, and drop stones ranging from large boulders
to gravel.Theyalsonoted how ice scour causeegetation damagé¢Martini, 1986) Thedramatic
changes in seaice in southern Hudson Bay and James Bay since the late 1@@{israith and
Larouche, 2011; Bruneau et al., 202bay haveimpacted these processes and consequently
coastal landforms and vegetatiodaushik Gupta, a University of Manitoba PhD student with Dr.
Jens Ehn who studies landfast ice in Hudson Bay and James Bay, is further documenting the
evolution of icerelated coastal landforms using drone and satellite imagery.

In other regions, studies have looked at how coastal salt marshes will respond to rising global
sea levels and concluded that the marshes can continue to accumulate in step with the pace of
sealevel rise provided the rate is not too grg@hmura and Hung, 2004long western Hudson
Bay and James Bay, the falling relative sea level and consequent emerging landscape can evolve
into coastal marshes of various types with diminishing marine influence over time; this process
leads to wetland succession where dsalterant vegetation is replaced by freshwater wetland
systems such as bogs and fdRPendea et al., 2010Pendea and Chmura (201@aution that
while wetland succession generally follows a transition from nutrigstt to nutrientpoor
and/or ombrotrophic communities, wetland communities can also undergo shifts due to changes
in environmental conditions regardless of the successitreal.

Glooschenko and Martirfil983)proposed successional sequences for the coastal vegetation
as a way of thinking about how vegetation could be impacted by rivers, and climate change,
especially changes in storminess or the rate of localleeal rise responding to the balance
between fuure global eustatic sea level rise and isostatic uplift. For example, the wetland
ecosystems of the lower reaches of the Attawapiskat River are influenced by several important
local environmental controls including water salinity, tides and storm suggasnorphology of
riverbanks, and sofsediment drainage. Any river flow regime modifications would therefore
induce successional changes. If, for example, the river flow was decreased due to flow regulation
(dams or diversions), or prolonged periods of idgy (evapotranspiration in excess of
precipitation), the saline waters of James Bay could reach further upstream possibly increasing
the areal extent of daand/or brackish marsh development.

Table5 shows the surface area (Kinand percencontribution of various land coveypes for
sixof the major subwatershedgthose draining landnostly in Ontarip based on data from the
Ontario Land Cover CompilaticBwamp, fen, bog and treed cover classes dominate across all
the watersheds but there are notable differences among the watersheds. For example, the
WYAESR GNBSRQ Of | & aRivandateRiediihgréay the sivamp, fiek &hd g 2 & S
classes are dominant in the AlbaRyer watershed¢ KS wo623Q 02 @SNJ Of  aa A
the Winisk (>30%) and Severn (>23Rtjerwatersheds.In Table 6, percent contribution of
various land covetypes forsevenmajor sub watershedsare summarized based on the ARCADE
database.The Severn, Winisk, and Ekwan have more herbaceous wetland2@%yothan the
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databases and consider the potential strengths and limitations of eachAltiteugh these data
provide good baseline characterization, they are not suited to detecting changes over short time
scales (e.g., yearbecause of challengesith classifying some cover typaslower resolution.

2014.

Moose Albany Attawapiskat Ekwan Winisk Severn

Landcover Typé

% % % % % %
Clear Open Water 5.8 8.1 9.7 9.6 15.1 11
Turbid Water 0.7 0.1 0.4 0.4 0.2 1.9
Mudflats 0 0 0 0 0 0
Marsh 0 0.1 0 0.2 0 0
Swamp 16.5 20.2 13.3 8.8 8.6 9.8
Fen 11.0 22 23.8 36.9 15.1 14.9
Bog 11.8 21.5 25.3 33.7 30.5 25.5
Heath 0 0 0 0.2 0 0
Sparse Treed 4.9 0.7 1.2 1.6 3.3 3.6
Deciduous Treed 4.8 2.1 0.9 0.8 15 1.9
Mixed Treed 18.5 3.8 2.3 0.1 2.8 3.4
Coniferous Treed 13.9 10.9 16.8 3.9 13.6 14.6
Disturbance 10.8 10.3 6 3.6 8.9 131
Sand/Gravel/Mine
Tailings/Extraction 0.1 0.02 0 0.1 0 0
Bedrock 0.0 0.02 0 0 0 0.2
Community/Infrastructure 0.6 0.16 0 0 0 0

Agriculture and

Undifferentiated Rural

Land Use 0.5 0 0 0 0 0
1The Ontario Land Cover Compilation includes 29 land cover categories, created by merging the Provincial Land
Cover Database (2000 Edition), Far North Land Cover Version 1.4, and the Southern Ont&&sbanck
Information System (Version 1.2). Each of these databases was adjusted to have a uniform pixel size of 15 meters,
transformed to the NAD83 Lambert Conformal Conic projection, and reclassified into a standardized class
structure. Details of the rdassification process can be found in section 2.3 of the Ontario Land Cover Compilation
Data Specifications Version 2.0 document published by OMNRF in 2014.
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Table 6. Percent contribution of various landover types in seven majorsubwatersheds based on th&SA
WorldCoverl0 m vi0Qdatabasefor the years 208-2021.

Land Cover Type

Sub Trees Shrubland Grassland Cropland Built-up Barren / Open Herbaceous Moss anc

Watershed (%) (%) (%) %) (%) S‘z%se W("’(}/to‘jr We(to'/"(’)‘)”d "‘({;Oe)”
Harricana 73 6.6 15 0.11 0.09 0.32 3.9 1.0 0.03
Moose 79 76 6.2 011 006 015 50 2.4 0.03
Albany 69 10 8.4 000 001 004 88 37 0.05
Attawapiskat 50 20 13 000 001 003 75 9.1 0.24
Ekwan 19 37 16 000 000 001 64 22 0.80
Winisk 37 26 10 000 001 002 12 16 0.25
Severn 48 25 6.9 000 000 006 10 10 0.16

Dataset Name: ESA WorldCover 10m v100
Source spatial Resolution: 10 m

Temporal Resolution Used: 2022021
Reference: Zanaga et al., 2021

Link: https://d0i:10.5281/zen0do.5571936

Challenges

The remote sensing imagery used to make the Far North Land Cover map V1.4 was created
using Landsat imagery from 20@911(OMNRF, 2014aY his methodology can cover large areas
relatively quickly, but in comparison to slower and more rigorous field observations and
classification, it is less accurate, especially when classifying wetlands. Due to its resolution,
remote sensing classificaiccan miss small sparse forest stands. Additionally, in instances when
classification ofvetland type relies on indicator species, errors may result when the indicator
species areindetectedbased on resolution In heterogenous wetland landscapes like HBL,
these limitations often cannot be overcome using other physical character(§tM&RF, 2014a)
Researchers at ECCC are working on a revised wetland classification for the region which have
largely overcome some of these limitatiog€CWIM3Ahas a higher resolution (19?instead of
30 m?) and has shown to be able to identify fens and bogs @i#t%-0.82% accuracfOMNRF,
2014a; Merchant et al., 2023)

There is currently not enough data determine regional scale changes in land cover classes
over time. As methodologies continue to shift and improve, they become incomparable.
Differences in cover between maps may be due to either actual change or due to differences in
accuracy or categaation definitiongf OMNRF, 2014a; Bartsch et al., 2016)
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Carbon ®ragein Peatlandsnd Coastal Wetlands
Significance

Peatlandsare widespread in the territornand have been important sinks for atmospheric
carbondioxidefor millennia, which means they hawatigated a proportion othe rapidandon-
going build-up of atmosphericcarbon dioxide €Q) that has occured sincethe start of the
industrial revolution(Schuur et al., 2015; Natali et al., 202MH)e inland peat of theerritory, in
some instances, could have been first formed as far back as 5000 ye4¢Paagalen et al., 2014)
The status ofCQ sinkresults fromprimary production(uptake of C@ exceedng ecosystem
respiration(release of Cg), mainly due tdow degradationrates of organiccarbonin saturated
and seasonallyor permanently frozen (permafrostyoils of this flat-lying poorly drained
landscape

In addition to peatlandef the HBl.coastal marshesay be more important than previously
recognized for providing ecosystem services such as carbon st@hgwira, 2024)They release
negligible amounts of greenhouse gases and store more carbon per unit area compared to
freshwater wetlands and peatland€hmura et al., 2003)Coastal marshes may capture both
autochthonous organic matter (salt marsh vegetation) and allochthonous organic matter from
marine sources and nearby river outlets while protecting the carbon from decomposition both
by maintaining anaerobic conditions é@ibrackish to saline conditions. Detailed work on coastal
wetland carbon has been completed near Moosonee and Peawa@iN&s well as further north
near the mouth of the Hayes River and Laperouse B&8/(M. Pellatt, pers. comm).

The fate ofthe enormous carbon stock in northern soilsis a growing global concernin
response toclimate changethat has elevatedtemperature, rates of permafrost thawand
resulted inchangedo wildfire regimes andocal and regional water budgefSchuur et al., 2015;
subject to degradatiorthat leads to theproduction and evasionof CQ (in the presence of
oxygen) andnethane CH, in absence of oxygenfarbonoriginally fixed from the atmosphere
by vegetationcanalsobe transportedwith flowing waterand carried seaward alorgland to
oceanaquaticcontinuum While in transit the carboman be buriedorganic and inorganic)
and/or the organic component can kbegraced by microbes and light, producing €@nd to a
lesser extent CHl that underpinaquatic emissions All else equal, arming willincrease the
decomposition rate in unfrozesoils Generally, emissions of greenhouse gases from aquatic
systems are not well represented irarth SystemModels, largely becauseg has only been
relatively recent thatheir role as a key source of atmospheric greenhouse gas concentration has

State

Early work on carbon storage suggested that peatlands in Canada contain ~147 Pg C
(Tarnocai, 2008)ith the HBL specifically containing ~30 R &rkalen et al., 2014; Gonsamo
et al., 2017) However acentralfocus ofmore recentresearch has beeto improve
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quantification and reporting off K S peat[arfd &arbon stockdHarris et al., 2022and
associated carbon cycling (e.gumphreys et al., 2014)

In regard to carbon stock#he distribution of peatlandfrom Xu et al., 2018)s shown across
the HBL irFigurel4. The distributionof soil organic carbors summarized by depth ifable7
for the seven watershed@erived fromSoilGridglatabas@. Near surface ({80 cm)total storage
is largestin Albany, followed closely by the Severn and Moose River watershétisthe
watersheds contairan excess of ~ 60 t/ha of soil organic carbon.

[ wiatershed Boundaries
Canada Peatland

Peat Percentage

[ 1 5.000000 - 18.000000
[ 1 18.000001 - 33.000000
[ 33.000001 - 54.000000

- 54.000001 - 82.000000 Sources: Esri, TemTom, Garmin, FAENTOAA, MSGS, @ OpenStreetMap
TYran o B .
- R2,000001 - 100,000000 At contributors, and’t.ne GlIS User_lgﬂmmunny?‘EI%L.L_ISGS
\ C 5 Bartie

Figureld. Peatlandoercentagesicrossthe study area(derived and modified fronData PackagesPeatDataHup
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Table7. Soil organic carbon content for seven major watersheds derived oiltridslatabasé.

Watershec Mean soil organic carbon content in different Organic Carbon Stock

area depths(cm) in 0-30 cmdepth
River 05 515 1530 3060 60-100 100200 Max Mean Min Std Total

km’ g/kg t/ha gt
Severn 99884 115 116 138 139 144 238 100 69 42 6.96 0.61
Winisk 64,656 114 114 129 129 132 201 97 70 49 4.83 0.39
Ekwan 21,871 144 147 177 175 184 232 87 69 55 3.44 0.14
Attawapiskat 47,903 93 88 98 97 100 176 89 69 51 4.43 0.30
Albany 130465 60 56 55 53 53 100 97 65 43 5.77 0.77
Moose 106455 57 49 39 34 33 41 110 59 33 6.19 0.59
Harricana 21200 46 43 34 27 25 34 90 61 41 522 0.18

1Dataset Name: SoilGrids

Source spatial Resolution: 250 m

Temporal Resolution Used: 192816

Reference: de Sousa et al., 2020
Link:https://doi.org/10.17027/isricsoilgrids.713396fd687-11eaa7cGa0481ca9e724

More recently, (Li et al.,, 2025aupdated estimates of peat depth and carbon storage
specifically for the HBLh& average peat depth of the HBRas184 cm 90%of which has a depth
rangingbetween 89 to 184 cm, and 99% which has a deptiialling between 0 and 300 ¢m
while very deep peat (30800 cm) makes up only 1% of the HBIL organic carbon stord@hey
describe how pat depth varies by peatland typ&ogstypicallyhave deeper peat (average 230
cm) compared to fens (average 160 cin)the HBL, @at depth increases inland, influenced by
isostatic uplift and climate conditiond.i et al., 2025h)with mastal areas containg younger,
shallower peat(about 100 cm depth). The oldest peat formations are found near the Boreal
Shield interface where peat accumulation has occurred for thousands of {leagtal., 2025h)
although wncertainties in carbon accumulation are highesttlese areasas in-situ data are
sparse(Sothe et al., 2022)Fieldbased validation is required in underrepresented peatland
regions such as wetland pools, inland peatlands, and high elevation areas due to water cover,
fewer ground measurements, and variable peat accumulation, respectively.

[ FNBS OFNb2y adtd201a | NB It apastdhgblies(Pops R O dzNN
Green, 2024)These first estimatesuggest thatoastal marshestore very significanemounts
of carboneven though thdraction of organic matter in the soiis lowerthan in peat Thecoastal
marsh soilsvere found to becomparable incarbondensity to other global salt marshes. Given
the very large spatial extewtf the coastal area across the territomis makes the overatarbon
stockin these coastal marshe®ry important. The average carbon stock in the top 21 cm of soil
across allstudied coastal marskites (n = 41) was 4.6 kg 82 There was no statistically
significant difference in carbon stocks between any offthe wetland types studied (intertidal,
supratidal, thicket swamp, and freshwater marshjt there was a trend towardising organic
matter content and declining bulk density offsetting each other moving inland.
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Authors acknowledge, e.g(Harris et al., 2022; Li et al., 2025thlat gaps exist in our
understandingof the pathways of peatland carbon expo®ver roughly the past 20 years there
has been coordinated monitoring of vertical greenhouse gas exchargeumpolar boreal and
Arctic peatland systemsncluding within the HBMhich isproviding an improvedinderstanding
on the magnitude, trendsariabilityand ecosystem drivexs greenhouse gas exchange budgets
Researcherdiave developed a better understanding on the role of temperature, length of
growing season, water table depth and soil moistuwregetation,and the respective roles of
photosyntheticuptake and respiration on the regio@80;, source/sink statuge.g.,Humphreys

primary production(GPPas g C My?) has been shown to varyy more than a factor of two
across sites witim the HBL with the lowestGPP(153+ 17 g C n? y!) observedat a northern
most station inWapuskNational Park (on Cape Churchill) dnghest GPP (462149 C n?y?)
over a fenin the Attawapiskat watershedt the southermost station(Beaver et al., 2024Dnly
five greenhouse gas flustations were used to characterize variability over an extremely large
and diverse territoryThe average annu@PRcan differ by ~ 25% over differewetlandsin close
proximity, as was the case fsites at bog(dominated by coniferous treeghd fen(dominated
by deciduous treesin the Attawapiskat watershedBeaver et al., 2024)The differencesn
carbon uptakewere attributed to differences in vegetatiorphysiology(affecting GPP) and
ecosystem respiratior{affecting net ecosystem productiojetween the two systemsand
results suggest that warmer temperature would likely reduce.@ptake by these peatlands
(Helbig et al2019.

Relative to oumunderstandingof air-surface vertical exchandaudgetsof carbon associated
with peatland and boreadystemswve know less about thiateral carbon losss associated with
transport from sds and through theaquatic continuumThis remains a critical knowledge gap
as globallyit is estimated that the land to inland water flux+s2.9Pg C ¥ which represents ~
72% of total uptake by terrestrial syster{iRegnier et al., 2022)Vonk et al. 2025) based on a
comprehensivecarbon cycle fothe Arctic across the landcean continuumsuggests thathe
fluvial flux of carboracross the circumpolar Arctis~ 50% of total terrestrial uptake, and closer
to ~ 46% for Hudson BayZolkos et al(2022)suggests that th@ermafrost landscape history
impacts thefluvial carbonexport, and thatin watershed affected by thaanduced wasting, the
fluvial carbon export approached 60% of net ecosystem productod much lower (6946%)
in watershed not affected by thamduced wasting. Clearly the lateral carbon Idssm
watersheds is large, and remains unquantified for the HBhich constitutes a significant
knowledge gapGovernmentageny, and @ommunity-partnered programs areinderway to
address thigap.

Trends

Most research on the carbon balanoépeatlandshas focused on permafrost regignasnd
specifically thehanges due to permafrost thavs mentioned aboveggermafrost thawsupports
higher rates ofespiration and influences water balaneghich in turninfluences carbon storage
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Althoughthe extent of permafrost inthese watershedss limited, the researchreflecting the
changes in carboftuxes due tavater balancecan be extrapolatedo apoint, to non-permafrost
peatlands. Overall, there is consensus thathe peatland carborstorage will weaken with
permafrost thaw warming,and drying,thoughthese changeare not easy to predic{Swindles
et al., 2015)

Already, he circumpolar permafrost zone has become rgaczarbon neutral, with large
swaths now serving as net sources of2Q@® the atmosphere(Virkkala et al., 2025)With
continued warming and loss of sea ice in Hudson Bay and James Bay, continued thawing of
remaining permafrost is almost guaranteed. Experiments conductdig@ontinuous permafrost
peatlands in western Canadshowed large carbon losses averaging3 g C m year! after
permafrost thaw; these losses were not offset by limited new plant growth and peat capture at
the thawed surface(Harris et al., 2023)During initial thawing of permafrostnhanced
decompositionof associated peas expectedincreasingCQ emissions carbon turnover rates
are lowest when soils are frozen, therefore carbon turnover will increase with thaw regardless of
whether the peatland isvell or poorly drained

After permafrost thaw, carbon turnover rates and pathways depend on whether the peat is
waterlogged in which case its degradation could leadrioreased ClHemissions Cooper et al.
(2017)found that the source o A AYAFAOlI YiG /1 j SYAaairzya FTNRY |
Cana@ wasprimarily anaerobic decomposition of recent carbon inpuasid notpreviously
frozen carbon. Thereforghey concludel that changes in surface wetness and wetland area due
to permafrost thaw may influencé | g@missions from northern peatlande an extent greater
than theanaerobic decomposition of previously frozen carlj@ooper et al., 2017)

For regions with seasonally unfrozen peat and no permafrost, reduction in the carbon sink
status with continued warming is also expect&ecently, Virkkalla et al2025)showed using
models and observationsom longterm flux stationsthat the circumpolar Arctic boreal zone
remains a C@sink largely due toincreased summertime primary productipimowever,the
increased frequency of forest fires in the region exethe carbonsink capacityParts of the
subarctichoreal and permafrost zone, including tiBL. showincreasing net Cemissions
driven largely by an increase in respiration in response to war(fiiggire 15)Natali et al(2019)
caution that wintertime warming within northern permafrost regions will incre@€2 emissions
that in the future could offsetsummertime uptake associated with increased seasonal primary
al., 2019)has shown that theesponse of thenet CQ exchangein sign and magnitudéor
peatlands is sensitive to the seasonality of warmiegg., warmer early summer favours
increased uptake) and vegetation physiologyin that study it is suggested that warmer
temperature would likely reduce GQptake by these peatlands.
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Figurel5. Temporal trends of CGluxes for the period of 2002020 (modified from the database Wirkkalla et al.,
2025) Negative valuesneanincreasing net ecosystem eOptake (purple, blue and green shading) while the
positive valuesndicateincreasing net ecosystem CO2 emissi@ad and yellow shading).

Water stress (tbught and waterlogginghas also been shown to impact GPPnorthern
peatland systems, includirthe HBL(Valkenborg et al., 2023n western James Bagmulations
under severely warmer climate scenargisow thatpeat dryingleadsto a 20% reduction in net
ecosystemcarbonexchange andhe strengh of the peatand carbon sinkMethane emissions
decreased slightly, and peat carbon sink strength was 27% lower due to peat combustion
(McLaughlin and Packalen, 2021a)

Less studied than changes in the direct landfluxes of carbon with permafrost thaw and
peatland warming is the impact of permafrost thaw on lateral losses of wadene carbon.
Plantderived carbon is also removed from a landscape through entrainigmoving water,
from solils, and along an aquatic network (streams, rivers, ponds, lakes, etc.) ultimately to the
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ocean(seeRegnier et al., 2022; Vonk et al., 2DZFhe amount of carbon entering a watborne
phase and being transported laterally via the aquatic network can be quite (Regnier et al.,
2022) Rates of lateral peatland carbon losgl be affected bywater table shifts,influencedby
river channelmigration,accelerated river incision and shifting interfluvial divig€daser et al.,
2004) While in transit, the organic portion of the carbon (living or dead plant matter) carried
along the aquatic network is subject to degradation by microbes and light, producin@@ilo

a lesser extent CH Some portion typically survives transport downstream and eventually is
buried in a receiving body of water (e.g., coastal marine ecosystéungtskys (2020) study
found that more than half of the particulate and dissolved organic carbon (POC/2@a3sed
from peat after permafrost thaw andransportedin waterborne phases along the aquatic
network may be degassed as &@urther increasinghe total netatmospheric carbon emissions
from permafrost thaw in peatlands.

The Hudson Bay region ranks second in the circumpolar Arctic for drainage, third in total soll
organic carbon, second in the delivery of dissolved inorganic casaivers, and third in the
delivery of dissolved organic carb@vonk et al., 2025)The largest export of the river carbon
fluxes is during the spring freshet. Fluvial fluxes of cadremaffected by changes in hydrological
cycles, widescale permafrost thaw, land surface change including that associated with human
intervention (e.g., regulation of rivers), and the processing of organic matter on land and within
stream. However, while incesed river discharge has increased the paatic dissolved
inorganic carbon fluxes since 2003, the fluxes of dissolved organic carbon have renaaiyed f
constant(Drake et al., 2018; Tank et al., 2023)

Challenges

Projecting the fate of the carbon stored in the peatlands and the coastal marshes of the
territory remains challenging because of the uncertainty around carbon quantities and
distribution. Furthermore, the impact of warming and development on these cadtores is
uncertain(Harris et al., 2022)There is uncertainty in global estimates of the magnitude of the
total carbon losses from permafrost thaw (see, for example, Hugelius €0#0) who gives
estimates that are 5 to 10 pentagram (Pg) higher than those given in Turetsky2620). The
differences can be attributed to a larger projected thaw area and the inclusion of carbon loss
from active layer deepening (Hugelius et 2D20) Additionally, mcertainty about the current
distribution of permafrost casts doubt on the relative importance of this tldhiven carbon
release vs. increased rates of carbon degradation resulting from drying due to increased
evapotranspiration with warming. Future assegents would benefit from improved
characterization of firgelated carbon losses and carbon losses due to other types of disturbance.
More data are needed on soil moisture, impacts of water table changes, and understanding of
landscape hterogeneity. Additionally, longerm flux measurements from directly within the
HBL would reduce uncertainty on the regions evolving $0Qrce or sink characteristics.

The Hudson Bay area is one of a number of Arctic basins where data are scarce, and thus
the river flux totals summarized by Vonk et(@025)relied heavily on extrapolation. The relative
contribution of carbon delivery through the Hudson Bay Lowlands and from James Bay rivers are
not known. Both the transport of carbon and its degradation products can have downstream
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ecosystem impacts in marine environments, including acidification, primary production, and

specific to James Bay. Ongoing work by University of Manitoba researchers aims to address these
gaps, while also assessing the impacts of fluvial carbon delivery on coastal ecosystems.

A major challenge for the HBL is the poorly known hydrology (see next section) because the
carbon releases in aqueous form from the peatlands will go where the water (\Gasd et al.,
2017) Second, the age and lability of carbon released from the HBL peatlands are poorly known
odzi ONRGAOFff& AYLRNILFY(d ¥F2@dpelekes al. N2B2BRotg Qa 20
permafrost carbon is highly labile because it contdiigh contents of aliphati¢straightchain)
and small organic aciddat bacteria canconsume within dayswhereas in other settings,
permafrost carbon may contain aromatic compounds that are resistant to breakd@andois
et al., 2019) The differences may depend tre geological context, permafrost history, peatland
type, andhistory of permafrost formationA future largescale study of the lateral carbon losses
from the HBL peatlandspanning the whole aw gradient could address some of these
guestions.

Webster et al(2025)K A 3Kt A IKi ONRGAOIE 1y2e¢6f SR3IAS I yR
science and policy. They emphasize the need for standardized data colléatigenous

knowledge integration, and lontgrm monitoring. Their study stems from the Global Peatlands
Initiative workshop held in June 2023 that identified seven critical data categories and proposed
solutions to improve peatland conservation, carbon asttng, and lanelise planning as

summarized inmable 8

P
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Table8. Seven critical data categories to improve peatland managemgitescribed by Webster et al. (2025).

Data Category Key Measurement Priorities Recommendations
Peat Coring & Depth Peat depth, bulk density, nutrien Establish standardized coring
concentration protocolsacross all regions.

Hydrometeorological Sensing Water table depth, soil moisture, Expand climate stations in

precipitation remote peatlands.

GHG Monitoring /' hi 3 [ 1 Tt dzE ¢ Integrate peatland GHG
productivity accounting into national

inventories.

Vegetation & Biomass Peatland type, tree biomass, Improve peatland classification
plant cover for carbon models.

Biodiversity Habitat assessment, vegetation Increase longerm biodiversity
inventory, species diversity monitoring.

Traditional Knowledge Peatland use, ecosystem Strengthen Indigenous
changes, cultural values partnerships in monitoring.

Water Quality Dissolved organic carbon (DOC) Establish a national peatland
pH, nutrient levels water quality database.

Hydrologyand Streamflow
Significance

Water levels and flows are among the most fundamental pieces of informégromanaging
a watershed and activities therein including hydroelectric power generatfibay are also critical
for risk assessment and mitigation related to extreme events (droughts and fldedshwater
discharges tmcean systemsre also criticallyimportant pieces of information because they
impact many processescluding aiculation, seace formation, watercolumn structure and
mixing, and primary produixn.

Hydrometric (water-level) gauges remain relativelgparseacross thenorthern regions of
Canada(Stadnyk et al., 2020; Stadnyk and Déry, 202%)of 2013, approximatel®7%of the
Hudson Bay drainage basin hadver been gauge@nd the availablehydrometric stations
collectivelycoveredonly 60%of the basinCoulibaly et al., 2013jydrological modelingasfilled
in some of thespatial and temporal gaps in the observational record hasbeen used tanake
future streamflow projections(Stadnyk et al., 2020However, hydrological modelings not
without challenges such agyetting the storagedischarge dynamicgght for watershedshat
havea large number of lakes and wetlands vath changingpermafrost distributiors.
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In the territory, here are numerous small rivers that start within the lowlands having shallow
channels and becoming marshy at their mouthbkere is still work to do to delineatome of
these watershedsAdditionally, there are lots of small antterconnected lakes and ponds within
the peat that covers the lowlandscludingsomesmallwaterbodiesthat are in depressions in
glacial drift. This is a complicated landscape fraluating water flow pathways, which may
change seasonally with deepening of the active layer,;aag exhibit preferential flow pathways
beneath the surface.

The larger rivers such dbke Severn, Winisk, Attaapiskat, Albany, and Moose originate
beyond the lowlands and have origins u@tback to before the last glaciation. Drainage over the
flat lowland plains is very popmwhich can increase the risk of flood for tHedigenous
communities living on those land®redge and Dyke, 2020y heseasonahydrograph which
indicates the variation of streamflow overome-year periodhas a nival regim#or all the rivers
flowing toward James Bawith relatively low flow for most of the year and high flows during the
spring snow melt period (freshet)(Mosher and Martini, 2002)Most of the rivers experience
major spring flooding during ice brealp and freshetwhich can advandeom the upper reaches
towards their mouthdecause of their nortvard-flowing orientation (Glooschenko and Martini,
1983)

State

In 1977, Prinsenber{l977)developed the first freshwater budget for Hudson Bay including
James Bay anelstimatedthat the Winisk and SeverRiverscontribute about 7.8% of the total
annual meamrunoff to the Hudson Bay system, while the combined contributioallkivers with
outlets on James Bay is about #A.6despitehis region representing onlg22% of the drainage
area He noted that he high runoff per unit area is due to the largeount ofprecipitation that
occurs when warm and humid air is cooled by the cold surfacersafelames Bay. All major
rivers, except forLa GrandeRiver, are situated in the southern half of James, Bayth of
Akimiski IslandSubsequentiterature made the approximatiothat James Bayeceives almost
half ofthe total freshwater inputo the Hudson Bayasin(Déry and Wood, 2004; McCullough et
al., 2019; Eastwood et al., 2028)morerecent study reportedhat James Bay contributes 38.0%
of the total annuativer waterinput to Hudson Bay, with the majority (26.3%) from the east coast
of James BafEvrard et al., 2023 he averagecontemporarydischargeof rivers ineastern James
Baywas estimated at227 kn? yr! based on historical discharge data, hydrometric stations
currently operated by HydrQuébeg and eight newly installed hydrometric stat®efDe Melo et
al., 2022)

Discharge of rivers in western James Bay is pretisely known because ofungauged
watershed areasnd data gaps in historical discharge d&amparing gauged areéSéry et al.,
2016)and watershed areaffom the ARCADE databaseappears that about 25% and 23% of
the Attawapiskat and Ekwan watersheds, respectively, are ungaageddabout 15%of the
Winisk and 10% or less feach ofthe Albany, Moose, and SeveRivers Thereare major data
gaps inhistoricalhydrometric dataas well,includingthe Ekwan River (1964966 and 1996
2010), Severn River (199806), AlbanyWinisk and Attawapiskat rivers (199898), and the
main stem Moose River (1998001) (Déry et al., 2016)According toa Baseline Hydrology
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Statistics ReporfOMNRF, 2014b}there are 56hydrometric stations(including southwestern
Hudson Bay and James Bayjrently collecting streamflow datdFigure16). TheMoose and
Albany Rivers have the highest numberhgtirometric stationsreflecting theirlarge tributary
networks TheAttawapiskat, Winisk, and Severn Rivers have moderate monitoring coverage for
capturing seasonal flow variation¥he Ekwanand HarricanaRives have the fewest stations
indicating potential data gagin streamflow monitoringThere islimited datain the Government

of Ontario databasedor the Harricana Rivemore hydrometric datas accessiblersia Quebec
Hydrological Data Centre (CEH®dr the Attawapiskat River watershed, some streamflow
discharge data were collectesociated with environmental monitoring of DeBeers Canada Inc.
for their Victor Diamond Min€Orlova and Branfireun, 2014)

Figure16. All the active (light blue circles) and discontinued (dark blue circles) HYDAT stditaimed from
National Water Data Archive: HYDATanada.caPurple shades boundaries are representative of drainage basins
of HYDAT stations and yellow boundaries are f@WB Ontario Watershed BoundariedDataset- Ontario Data

Catalogue

In addition to total streamflow, it is also important to know the relative contributions of
surface water andgroundwater across different watersheds and the variation associated with
wet and dry conditionsTheBaseline Hydrology Statistics Repdxppendix AOMNRF, 2014b)
presentsBase Flow IndefBFI) the ratio of longterm mean baseflow to total streamflgwvhich
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generally increases with increasing groundwater contribution. The reported BFI values suggest
that groundwater contributions are highest ihe Severn and Winisk Rivers (BFI > 0.73) and
lowest in Mattawishkwia and North French Rivers (BFI > 0&9)well as theMoose River
mainstem(BFI > 0.5)A study that used a chemical mixing model approach in the Attawapiskat
River watershed also found a significant groundwater contribution to streamf@rova and
Branfireun, 2014) They found that groundwater contributes more to streamflow as the
watershed size increases, ranging from less than 20% to over 40% during dry periods, with
groundwater importance declining during wet periods. According to their data, surface water
from the peatlands contributed up to 587% of streamflow regardless of time and location.
However, they note that the year of their study (2010) was exceptionally dry with low spring,
summer, and fall flows, compared to typical years. Nevertheless, their sesuljgest that
streamflow and source water dynamics will be significantly impacted by warmer and drier future
conditions.

Peatlandsn headwater streamsontributed up to 50% of the discharge for the higher order
tributaries of the Attawapiskat RivéOrlova and Branfireun, 2014\hile alsoaccountingfor a
significant portion of the baseflow in both low and higher order tributai@echardson et al.,
2012) Working in the same regioBalliston and Pric022)showedwater table and streamflow
connectivity thresholds in patterned begn-tributary systemsThehydrological connectivitpf
the bogfen-tributary complexwas observed to béighly seasonal and influenced by variable
meteorological conditiong¢Balliston and Price, 2022puring winter, snow accumulates and the
near-surface peat freezes, leading to increased lateral hydrélokic at the expense ofirainage
from deeper layersSnowmelt runoff can be influenced by snowpack properties such as highly
heterogenous snow cover, variable snow depths and densities, and the energy budget during the
melt period (R Brown et al., 202150me portion of snowmelt runoff in thepring replenishes
groundwater storage andontributes to peakunoff. Summer drying disconnects aquatic nodes
while in the early fall connectivitys restoredbefore winter freeze up and snowaccumulation.
Abnormally warm or cold sprirgeriodssignificantly impact landscape connectivity, affecting
timing of snowmel{ peak runoff and overall water table dynamics. Greater temperature
fluctuations and longer unfrozen periods may lead to increased evapotratispira
desynchronized snowmelt and frost thaw, and greater peatland drainage. These changes could
influence frost table dynamics, species composition, and decomposition rates, potentially
fAYAGAY3T (GKS aeaidsSyQa FoAftAde (2 o0dzFFSNI 230 KSN.

A comprehensive evaluation of flood frequency and{fd@w conditions for the river systems
was completed in 201@0MNRF, 2013 hey used historical streamflow records from the Water
Survey of Canada HYDAT database andeapgtatistical methods to assess flood magnitudes
and drought severities across different recurrence intervals. Based on the flood and low flow
analyses, the Hudson Bay Lowlands dominated by low relief and poor drainage of wetlands and
peatlands have slow sponse to rainfall and snowmelt which can affect both floods and
droughts. However, the Canadian Shield Areas characterized by greater relief and rapid runoff
due to thin soil cover over bedrock show more variations in flood magnitudes and seasonal
dischage patterns.
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Table9. Streamflow characteristics and trends for major rivers inTigitory (study area)

Drainage Lenath Hydrological Mean Annual Historical Modelled
River Area (kn?) Regulation Flow Streamflow Streamflow
(km?) Status (km?3/y) Trend TrencP
0
Harricana 21,200 498 Unregulated 7.75 !_ess than 1% Poor model
increase performance
Moose 08530  eo7  lahl 39.01  ~17% decrease Slight i
: regulated . 0 ig tl'ncrease'
Partiall (especially during
Albany 118000 982 ariaty 3177  ~7%increase winter)
regulated
Attawapiskat 36,000 748 Unregulated 11.43 ~13% decrease Significant
No trend increase, almost
Ekwan 16,900 545 Unregulated 2.76 observed double that of
Winisk 54710 582  Unregulated 1524  ~15% decrease egulated rivers
exceptpoor
0 model
Severn 94300 982  Unregulated  21.9 :fcfzgzzn 0 erformance for
EkwanRiver

1Drainage area is based on the HYDAT database, which is different from ARCADEQIRRPRlatasets, as well
as thescientific literature, including Déry et al. (2016).

2Hydroelectric dams on Abitibi and Mattagami Rivers regulate streamflow.

SUpstream hydroelectric dams impact flow patterns.

4Streamflow trend is based on historical data between 12643.SeeDéry etal. (2016)for more information.
5Streamflow trend modelled via-AYPHor 2021-2070time period (Stadnyk et al., 2021)

Trends

According tca largescale pan-Arctic summay, NS A K g 4§ SNJ RAZOKI NHS FNRY
rivers showed an increase in annual discharge of 36detween 1964 and 2016hiklomanov
et al., 2021) Seasonal trendsncluded increass in winter and springbut may reflect a
combination of climateelated changesalteration by human activities and reservoir regulation
(Shiklomanov et al., 2021)

A more comprehensive analys of historical trendsin Canadian Arctic streaiow was
between 1964 and 2013Figure 17 illustrates these resul&cording to seasonThe snow
dominated river systemsin western James Bay showed strong seasonality, with minimal flows in
winter when discharge averade-50 kni#/year. Peak flows occurred in spring (approximately 120
km? per year) due to snowmelt angtmained relatively higinto summer (~100 kfper year).
River flowswere lowerin fallthan summerat about 90 kni¥year, influenced by synoptiscale
storms and associated rainfalh terms of temporal trends over 1962013, differenceswere
noted between regulated and unregulated rivers. Regulated riverg.,(&oose and Albany)
showed positivedischargerends inwinter, possiblydue to controlled release from hydroelectric
reservoirs.However, mregulated rivers (e.g., Attawapiskat and Seveatsp exhibited small
positive increases in dischargeviinter (Figure 17)Several rivers in the territory showed small
negative trends in discharge for the summer period.
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Anthropogenic water managemernénds to flaten the hydrograph, decreasingjscharge
differences betweerwinter and summerlinterannual differences invater dischargeare also
flattened byflow regulation(Déry et al., 2018)Two regulated complexethe NelsorgChurchill
River Basin and the lGrande River Complekave been subjected tmore explicit regulation
modeling in cooperation with industrial partners (ManitobaHydro and HydreQuébecg
respectively (Stadnyk et al., 2021Jo our knowledgethe same kind of modelling effort has not

(as of 2013) in the Moose River system was only 23%kmg KA OK A& avYlfft O2YLN
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mean annual discharge @&9.01km3yr and maythus partially alleviate the flattening of the
hydrograph seen for other regulated rivers.

Increasesin terrestrial freshwater discharge from pairctic watershedsare projected by
most studies,with some trendsalmost doubing by 2070and an overall average increase in
streamflow of22%(Stadnyk et al., 2021Yhis implies a trend reversal for rivers in the western
James Bay watershed that showed decreasing trends during recent decades.

Extreme events related to hydrology

Drought

Drought conditions in western James Bay are variable, with some basins showing greater
resilience due to wetland storage. Howeviire decreasing moisture flux convergencerh 2009
to 2018 which consequently redued precipitation mayhave included drought events with
increased evapotranspiratiorparticularly during the warm seasonChampagne et al., 2021;
Champagne et al., 2023eatlandswhich are divided intdens and bogscan show different
responsesto drought in terms of the position of water table, photosynthesisrate, root
respiration, andthe decomposition oforganic matter Prolonged drought cartause plant
moisture stress, reduced microbial activity, and increased fire (Mdd_aughlin and Webster,
2014)

Flooding

dimate simulations indicate #it inland flooding is primarily linked to rapid spring ice melt,
elevated river water levels, and intense rainf&lloods are relatively frequeni the flat coastal
landscapesa 100-year flood event of the Moose River in spring 2018 occurred just three years
after another 100year flood in the same watershedcéording tolndigenous Knowledgspring
flooding occurred seasonally over many generationsKashechewan First Nation within
Mushkegowuk Territory. However, the timing and extent of spring floodagchanged in recent
years with warming temperatures in the region. These changes include earlier spring, snowmelt,
and rapid runoff. Thélooding risks for coastalommunities havecomne more severdn recent
decadesin part due toanthropogenicfactors (Litvinov, 2021) In Kashechewancommunity
membershave describedactorscontributing to flood risks includinpadequate infrastructure,
a substandard ringhaped dyke wall, anithe downriver winter ice roadKashechewan has seen
elevated flood risks with thexcreased frequency and scale of spring ice brpalelatedice jams
As a result, the community has faced 14 evacuations since 2004, with consecutive evacuations
from 20042008 and 2012019(Khalafzai et al., 2019)

Information about the ice regimen the rivers with outletsn western James Band southern
Hudson Bays very limitedin comparison tceastern and southern James Bédistorically, the
minimum monthly runoff rategor all James Bay riveoecurred during the winter months and
maximum values happened during the spring freshet. The rivers in western James Bay
experienced a secondary runoff maximum during the late fall as (Relhsenberg, 1977)
However, human disturbances and climate change may intensify flood events due to regulating
river discharge and shifting precipitation patterns, respectivepecially for the rivers with
Q10/Q90 ratio over 10indicatinghigh variability and risk of flood such as Albany, Pagwachuan,

67



Shamattawa, Kwatabohegan, Kapuskasing, and North FrencliH{8eaogical characteristics in
major subwatershedsn Appendix A for more details).

Snow hydrology

Seasonal snow coveiisK S ¢ S NatkshiegdEaldEt6 to 7months of the yeaandplays
a critical role in energy and water exchanges. For example, large energy inputstdetimgwving
season causthe snow water storagéo melt over a short period of timeThisgenerates a rapid
pulse of fresh water within the watersheds with effects on lake ice melt, surface hydrology,
ground thermal regime, permafrost, carbon cycling, and many ecosystem seBrose et al.,
2021)

As warmer temperatures affect snowfallinfall partitioning, promoting Rai®n-Snow (ROS)
events, the ROS events may amplify the snowrdsiten peak flows. Additionally, the
occurrence of midvinter riverice breakup events and igam floods may incre&(Shrestha et
al., 2021) Therefore, Flood frequency estimates are critical for infrastructure planning, including
culverts, bridges, and water supply management.

Challenges

Watersheds are not well delineated

Watersheds can be defined and delineated in many ways. Prominent within the Territory are
the ssvenmajor riversithe HarricanaMoose, Albany, Ekwan, Attawapiskat, Winisk, and Severn
- that drain watersheds of between 410 and 47233 kn¥ and discharge into the marine
environments of western James Bay asulithernHudson Bay. Other data sources distinguish
the Upper and Lower Albany Rivers, and the major tributaries to the Moose River, including the
Abitibi and MissinaibMattagami(WWF, 202Q)According tdhe ARCAD#atabase there are as
many as 400 separate swimtersheds of various sizes within thdushkegowukTerritory
(Speetjens et al., 2023)o compile this database, researchesed severaglobal and Northern
Hemispheredatabases such as ERAGLMS, CGILE100, SoilGrigetc. They then extracted
data for more than 300 variableSome of thee datahave been used in different sections of this
report to represent the most updatedonditions of the watersheds within the western James
Bayregion and Mushkegowuk TerritoryHowever, it is a caveatregardingwhether the data
sources are well validated by in situ observations.

Physical processes driving hydrologic change

With a view to better understanding the hydrologytimese watershed, there is a needo
consider thephysical mechanisms driving hydrological chandgdsese processes that drive
hydrologic change are mavell understood Six mssible studieso improveunderstandingof the
implications ofthese processewere proposed by Yang and Ka2€21) The first suggestion is
the experimental investigationfanteraction between surface and groundwater, particularly in
the permafrost and transition zone§he second is textend insitu monitoring networks for
water discharge and water qualityhethird is toapply and expand the scale of remote sensing
efforts in these remote regionsThe fourth is toapply, calibrate, and evaluate hydrological
models for better representation of physical processes at different scaiteslast two proposed
studies are to conduct a set of coupled experiments with atmospheric, oceanic, and
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hydrological/permafrost models to better quantify causes of changes in river flow to the James
Bay, andto propose a model to include human activities such as hydroelectric development into
all thosenatural interrelated elements discussed in previous object(Weang and Kane, 2021)

Water Quality in Rivers and Lakes
Significance

Water quality is a general term used to describe the state of wiatarwater body (lake, river,
or stream)as it relates to human, organism and overall environmental healtirious water
properties can be measured to assess water quality depending on the specific que&stion
concern includingwater temperature, dissolved gases, nutrients, carbon content, turbidity
concentrations of suspended sedimenvater colour, water clarity, and contaminant levels.
Climate and geological characteristics of thiaidage basin, which determine flow regime, land
O2@SNJ yR &a2Afasxs AyFfdzsSyOS | NAROSNRa g G§SNI |
development may also alter aspects of water quality

Water quality information may be collected as part of required reporting for developers or for
baseline studies aiming to characterize natural or current states of river and lake ecosystems.
The CanadianWater Quality Guidelines for the Protection of Aquatic I({T&€ME, 1999)ere
created to protect all aquatic life and provides toxicity benchmarks for various elements and
chemicals. These guidelines are useful when comparing results from water quality reports that
may be required as part of operating licences issued to d@esto Context of the natural and
geologic condition is needed to identify levels of elements that are naturally occurring in the
environment to understand the impact of disturbance. For example, some elements can naturally
occur in the environment above ¢hrecommended guidelines because of the soil and bedrock.
Baseline datsets and continual monitoringan be helpful in identifying changes in the
environmentand help anticipate whatrends are expecteth the future.Water qualityanalysis
is recommendedo be included iraquaticecosystenmassessmentsf riversin Ontario(Metcalfe
et al., 2013)

¢CKS GSNY WgldSNI ljdtAGeQ a2YSUAYSa Ad dz&@SR
concern for thehealth of the water body, per se, but amonitored primarily because of their
importance for downstream marine receiving water bodies, or because certain parameters act
as good indicators of changes in a watershed that might be otherimpessibleto detect.
Because streams and rivers are the major transporécsrbon, nutrients, sediments, and other
materials from land to the oceanwater qually data is often used to quantify lanocean fluxes
of carbon release due to permafrost thaiwauthy et al., 2018and also provide insight into
stream processes, such as organic matter production, destruction, and burial, and other
important reactiongCole et al., 2007; Ward et al., 2017)

Stateof water quality as it relates to environmental health
There is limited water quality data available for ti& NNJA & 2 NB Qa ,fahd{tfea I y R
distribution is biased towards sites of past and present development. The data sources include
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peer-reviewed research, prdevelopment baseline and performance monitoring completed by
industry, and ver and stream water qualitsnonitoringcollected bythe Province of Ontario.

Community and regionabased monitoring

Communityinitiated water quality monitoringsinvaluable when it comes tfiling data gaps
in both time and spacd-or examplga monitoring program for water qualitilasbeen developed
by Moose Cree First Nation within the Moose River watersWater samples for auiteof water
properties have been collected at rivers and streams within the Moose Cree First Nation
Territory. Seasonalvater sampling has been a prioritgspeciallyalong the winter roadsto
monitor for potential contaminationln addiion to contamination, seasonal sampling for water
guality at these rivers may indicataturalseasonal shifts, or a changing environmdrite more
data points that are available at a location, the more likely it is to identifiportant
environmental events.

Reportshave beencommissioned by Mushkegowuk Counsiice the 2010s in order to
establish a baselinr the environmentand the major rivers within the TerritoLitvinov, 2016;
Litvinov, 2018; Litvinov, 2019; Litvinov, 2020; Litvinov, 2021; Litvinov, 2022; Litvinov, 2024)
These reports i@ a primary stepto establisting baseline information prior to and during
development in the region, especially with regards to the Ring of Fire area in northern Ontario.

Other communitybased or communityed programsto assess and establish baselines for
water quality have been started in recent yeaPeawanuck (\enusk First Nationand the
University of Manitobahave beencollecting baseline water quality data artkveloping a
sustainablecommunitybased monitoring program since the summer of 20R&erest for
monitoring programs has become more prevalent in recent years with the ongoing discussions
of development and what impactsmay have on the water quality the region(as heard during
events such as the Mushkegowuk Research and Knowledge Sharing Summit, November 2024)

Provinciamonitoringand reporting

Figure 18hows the distribution of all riveand stream water qualitgtations andassociated
data that is available for extraction from thé’rovincial (Stream) Water Quality Monitoring
Network - Dataset- Ontario Data Catalogud@he data span 200R019; historical data files prior
to 2000 (i.e., 1964.999) have beeremovedas ofMay 2025 while thee is ongoing work on the
site. Of about 60 stations (sampling sites) within tgeeater watershed regignonly data from
elevenare presently available and none from the Winisk or Severn watershéesiater quality
parametersin the data seinclude nutrients, inorganic and organic carbon, alkalinity, chloride,
conductivity, andmetals such as aluminium, cadmium, cobalt, chromium, copper, iron,
magnesium, manganese, molybdenum, nickel, strontium, vanadium, andAthough, each
station does not necessariigclude resultf all the listedproperties aboveThe data are very
sparse considering each station on the map represents typically -aooneo-time collection of
samplesmost often inthe 1980s There are natationswhere regular systematic samplingak
placenor currently take placeAll but three stations in the regiorocated near Timmins) are
inactive. Another shortcoming is methods/detection limits for some elements. For example,
mercury and selenium are below detection limits (5 ug/L and 1.67 ug/L) in all the available reports
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on the website The detection limit is reflective of the scientific instruments in use to analyze
samples, andoften, for some elements such as mercury and selenium, more specialized
equipment is needed to properly assess concentrations.
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Figurel8. Location ofactive and inactiveiver and stream water quality statiorielack trianglesyvithin the western
James Bay region in the Provincial (Stream) Water Quality Monitoring Netaiik: Provincial (Stream) Water
Quality Monitoring Network | ontario.ca

Peerreviewed scientific research

Comprehensive studies of water qualftpm the perspective of environmental healih this
regionhave scarcely beepublished in the scientific literaturédowever, the literature that has
been published offers a glimpse at tbheerall water quality of the region arehcourages further
studies to be pursued, especially with looming development activities that maythterater
quality oflakes, rivers and streams.

Generalwater quality

Studies that focus on topics such laesnthic biodiversity, olcontaminant levels in wildlife
(particularly fish), often have some form of simple water quality sampling to complement their
study such as recording conductivity, alkalinity, pH, water temperature, dissolved gxygen
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dissolved organic carbon, and nutrier{tkones et al., 2014; Lennox et al., 2018; Lescord et al.,
2019) Theseresults, despite not being large datasets, provedene context for the associated
studies, but also providpotential comparison data for other dedicated water quality studies.

Macrorutrients

Macronutrients, such as nitrate, phosphate, and silicate, @ssential forphotosynthetic
growth. Thus, neasuring nutrientoncentrationsn water bodiesan informon the productivity
of a system and potential export pfoduction to the food web or harvestable resources.

Watershed characteristics, such as underlying geology, climate differences, and the seasonal
flow cycle have been highlighted as important influences to nutrient concentrations and water
quality in genera{McCrea and Merriman, 1981; Lee et al., 202B&itrients tend to be found in
higher concentrations on the western side of James Bay because of limestone bedrock, rich
organic soil and presence of wetlands/peatlands, compared to the easterthsitleasCanadian
Shield characteristics (Lee et &023)

There have been few studies focusing on macronutrients in riverdakas in theTerritory,
however, studies with a larger geographic scopave been published. For examplsse et al.
(2023)presentednutrient inputs from subarctic rivers into Hudson Ba@ihe Severn and Winisk
Rivers were includedmongnine riversdischarging intdHudson Bay and James Banosento
assess nutrient fluxe$/1odels were used in this specific study to estimaterageseasonal and
annual discharge and associatedgtrient fluxes (nitrate plus nitrite, phosphate and silicdtee
et al., 2023b)Lee et al(2023)suggests thatn comparison to La Grande Riyerich has the
second highesainnualdischarge and nitrate flux to the Hudson Bay system, the Seved
largerannual phosphate and silicate fluxes.

More locally, mtrient concentrations of theMloose Riversome ofits tributariesand other
streams within the Moose Cree Territohave been seasonally monitoreth recent yearsoy
Moose Cree First Natiaechnicians, and with addesupport from the University of Manitoba
Some of the first nutrien{particulate nitrogen, total Kgldahl nitrogen, and total phosphorus)
data for this aea came from work done in 197I978(McCrea and Merriman, 1981ljhis report
established that in this area, nutrient concentrations were strongly impacted by flow of the rivers
and streams, where spring runoff diluted concentrations as$ociated bank and bottom
erosion resulted in increased concentrations, dependent on the sediment compogic@rea
and Merriman, 1981)

Carbon

Many forms of carborcan be measured in lakes and rive@arboncan be transportedn
different forms andimpact ecosystems differentlye.g., as particlemr dissolved in the water
which can alter the colour and taste of the water

Early work (e.g., Lapierre and del Giord012)showed that there is a complerterplay
between geographical gradients, lake trophic status, and the associated metabolic balance in
determining dissolved organic carbon (DO&)d partial pressure of CQOpCO2 dynamicsin
northern lakes Lake position in the landscape determoheéhe contribution of terrestrially
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derived CQto total lake pC@but the pCQ-DOC relationship wasriable and related in part to
relative concentrations of total phosphorous.

with longterm increases in DOC and colour. They believed that these two carbon components
should also reasonably be linked to changes in surface water carbon dioxide(gv€ls They

found that the highest rates of change in colour and carbon dioxide were in lakes with increasing
DOC trends. Lakes with low water retention showed greater increases and a stronger relationship
between the three parameters, along with terrestrialriban being the dminant source of
carbon. They suggested that increases in coupling of the three components, DOC, colour, and
surface carbon dioxide depend on the hydrology and watershed connectivity.

Contaminants

Contaminantsan water most often refer tahe presence in amounts that make the water
unsafe,of heavy metals such as mercury (ldgyl arsenic (Asprother materials likepesticides,
chemicals,gasoline,and oil, among many other substance€ontaminants may be either
naturally occurring in the environment or may be a resulathropogenic pollutionMetals are
naturally occurring, howevematural or humandisturbance toan environment may increase
concentrationswhich in turn may have negative implications for animal, plant, and human life.
Some elements, that are viewed as contaminants, may naturally occur in the environment at high
levels because of the geologic condition. This reinforces the neswéstigate andinderstand
baselineconcentrations in specific areasspecially if it is a place where animals and people are
using the water. Baseline measurements are also importantnionitoring and identifying
environmental changeith development and environmental disturbances.

Lescord et al(Lescord et al., 201%ocumented Hg patterns across the Attawapiskaver
watershed, sampmhg 43 rivers and lakes within the watershetheir sites varied from boreal
shield lakes, Hudson Bay Lowland lakes, and rikkevssdetermined that aqueous and biotic Hg
concentrations were strongly linked to DOC and nutrient concentratidbatal phosphorus was
shownto be a positive predictoin someaqueous and biotic mercury concentratiofiswas also
suggested thathere isan indirect relationshigetween Hg concentrations and nitrogen cycling
and thus they suggest that monitoring programs and studiessider spatial differencem
physicahemical propertiesvhen assessing trends in Hg cyclimgthe Moose River watershed,
among othercommon water qualityproperties, Hgand other contaminants are seasonally
measuredhroughthe Moose Cree First Nation monitoring program.

Despite limited peereviewed literature about water quality in this region of interest, there
have been studies conducted in the adjacent areas of Eeyou Istchee and the area of the Hudson
Bay Lowlands located within Manitoba. Recent publications descnitbeent, sediment, and
carbon concentrations and loads in rivers draining into the eastern side of James Bay in boreal
Québeg(De Melo et al., 2022; Evrard et al., 2028)gjor ions, strontium (Sr), neodymium (Nd),
uranium (U), and dissolved organic and inorganic carbon concentrations were measured in the
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concentrations of most elements compared to those draining the HBL owing to regional
differences in watershed geochemistry. For example, the rivers of the Canadian Shield had
O2y OSYiGNI GA2ya 2F YI 22N OF (i L2ayiciNd diD.57ARyiHol 0 S 6 S
1. The Nelson River had higher major cation concentrations (2601 ¢ [)Mviah the
Shield rivers but lower Nd (0.6@.45 nmolL?'). Spatial variations in riverine uraniug)
concentrations were also attributed to lithological contwith rivers draining sedimentary rocks
(with abundant carbonates) having overall higher U contents and lower 234U/238U variability
than the rivers of the Canadian Shi¢Rlosaet al., 201d). Dissolved organic carbon (DOC) was

an exceptiorasconcentrations varieavidely among the studied watersheds (2441 T T > Y 2 {
1). The Nelson River hlhintermediate DOC concentrations (8BH y  *% @®dicating that
lithology was not a primary control.

Another study, primarily in the Eeyou Istchee, presented concentrations and yields of total
mercury (THgand methylmercury (MeH@f 18 boreal rivergraining watersheds in northern
seasonally from summer 2018 to summer 2019. They found that variability was largely explained
by land cover, specifically wetlandghere higherHgconcentrations and yields were associated
with higher water and wetland coverage in the watersheds. Seasonality modulated the
relationship between landscape properties and Hg fodm€ A Yy { ma S NOA. Iy Béd | £ o3
data from de Melo et ali2022)to estimate annual mercury fluxes for the whole eastern James
Bay set of watersheds at 44§ Hg and 14.Bg MeHg, and average landscape yields #.249
km?ytand 0.041g MeHg knt y*. The Harricana River had mean concentrations of 0.13'ng L
MeHg and 3.75 nglitotal Hg, which was within the range of the other rivers measured along
the eastern coast of James Bay. They also reported the mean flux of MeHg (1.9Y &upytotal
Hg (65.71 kg ), as well as the yields of MeHg (0.072 g?km?) and total Hg (2.40 g krhyr?).
Overall, these rivers are not fully comparable to what is seen in major Arctic rivers, which are
often higher in total Hg and MeHg because of elevated concentration of particles and permafrost
thaw. Permafrost thaw is, however, much more prevalent ia rudson Bay Lowlands than the
area of thisFinkMercier et al.(2022)study.

Trends

Water qualitypropertiesmeasuredin rivers and lakesypicallyhave natural seasonal cycles
depending on the property, however changes in water quality can also @z result of
environmental changes such as warming of the clim@teplications for permafrost, the ice
season, wildfires), and industrial development that physically disturbs the HBL.

Contaminants are a widespread concern both in terms of predagtdistribution and sources
and possible future changes due to climate change or developn@msidering permafrost
stores a significandmount of natural mercuryestimated to contain two times as much Hg as
the rest of all soilspcean and atmospheréSchuster et al., 2018Yhawing and physical
disturbancewill acceleratethe release ofHg(Mu et al., 2019; Kirkwood et al., 202Wildfires
which have been increasing in frequency antensity, are alsa type of disturbance to be
consideredFires can mobilize mercury or other elemestsred insoil and permafrosthat alter
the bioavailability and toxicity of mercurWhile there arecurrently no specific peereviewed
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studies that take place in thEerritoryregarding fire impad on water quality, some studies have
been conducted to assess these impacts in similar landscapes. In the boreal region, and areas
where permafrost is present, larger and more frequent fires are affecting watershed
biogeochemical processes by changing ttemistry of streams, lakes and groundwater
(Turetsky et al., 2011; Tank et al., 2Q1B¢rmafrost thawas a result of firereleases previously
frozen porewater, and resultant runoff, that contains nutrients, dissolved organics, and
contaminants into streams and other water bodi@Sordon et al., 2016; Tank et al., 2018)
Studies have shown that impact of fren stream chemistry will decrease over tirfies., a
streamQ & ¢ | ( SNy B ddpdctediy & fire5 monthsafter the initial incident but after a

year there is lessvidence of the firghowever, with more frequent fires, water quality will be
altered more frequently(Holloway et al., 2020)In terms of peatlands, peatland wildfires
ultimately impact the natural Hg mass budget on an annuadw@andecadal scale, essentially
shifting burned areas into a net Hg souraéthough this has not been studied in detail within the
HBL(Zolkos et al., 2024Mining activities may also mobilize various elements or alter the
interactions of elements (e.g., via changing pH or dissolved organic carbon concentrations in
water bodies) Consideration of water quality impactwnstream of these initial disturbances

is also crucidao understand thdull extent ofthese changes.

¢ KS Qo6 NRwalenibsdie® hadeden a noted trendglobally especially in the boreal
regiors of the worldP ¢ KS (i S NMereYeteB the dolgud ifkensification dfeshwater
bodies including rivers, streams, and lakedinked to increasing dissolved organic carbon
concentrations(Fork et al., 2020; RoigguezCardona et al., 2023Researcton carbonbalance
and water colourhas beenconducted innorthern Québecboreal lakes by the del Giorgio
research teanbased out ofUniversité du Québec a Montréal, UQA[gEers. comm.)A larger
scale studyanalyzing more than 58,000 water samples frmedish and Canadian boreal and
hemiboreal regions, documentegh ongoing browning trend, related to changes in iron cycling
with faster passage of water through landscap@&eyhenmeyer et al., 2014)

Other environmental events boreal regionsuch as droughts and floodsrought about by
both climate change and development, have bé&own to flush out nutrients from peatlands
and may alter the timing of when nutrients are replenidhie these systems, ultimately changing
the macronutrient cycles, including the carbon cy(lescord et al., 2019)escord et al. (2019)
suggests that a warming climate manganreduced nitrogen fixation and lower N concentrations
which could lower Hg concentration bioaccumulatiwithin the HBL

Challenges

The nain limitations of assessing thevater qualityof rivers and lakes within the HBL and the
Territoryare the lack of data, and the biased distribution of samplegtions. Data collection is
biased towards areas wher@evelopment has occurred or will occur, fabligatory
environmental monitoring, and Environmental Impact Assessméfus exampleAttawapiskat
has more water quality reports from industry due to the DeBeers Victor Diamond Mine
operations, however these are not typically accessible by the publterms of drinking water
water qualityshould be monitored regardless of development, but environmental work is not
usually prioritized byndustryunless itmustbe done for reporting purposes.
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More communitybased or-led monitoring programs for environmental water quality would
help reduce the disparity of datéd study from 1981McCrea and Merriman, 198hjghlighted
the need forbi-weekly sampling done by qualified locals on the Moose Rivegenerate
meaningfulbaseline watemuality data anddentify seasonal variations and losigrm trends.
Thissuggestion would benefit commun#yased monitoringprograns within the seven major
watershed areas being examined in this repast any water bodies withocally identified
importance

Baseline informatiorwould needto be gathered in areaghere there has been nsampling
in the past to help identifyfuture changes, related to climate change and development activities.
Seasonal sampling meeded, at a minimum, to understand how water quality changes between
seasonsFor example, Hg has a natural seasonal cycle where baseline concentrations will change
throughout the year, this is why it is crucial to have baseline measurements throughout the year
and over many different years. This would allow comparisons to be rbetfeeen seasons and
years. aaimplingwater more consistently throughout the year would be beneficial to identify
isolated pollutioneventsthat may occur with increased development in the ar€ansistency of
propertiesmeasured,and seasonal samplingt the very leastare necessary fowater quality
monitoring programs moving forwardit is worth noting that community capacity is often a
challenge in maintain water quality monitoring programs, as such, partnerships with universities
and other organizations have been increasimgacent years to support local initiatives.

Hshand Aquatic Invertebrates
Significance

Western James Band southwestern Hudson Baguatic ecosystems are currently relatively
free from disturbance. Many sensitive habitats have remained intaeating refuges for species

genetics and ecosystems within a reg{@iiver et al., 2015; Vasiliev, 202&2)d preserving it ia

common target for managemer{Southee et al., 2021Benefits of Igh biodiversityincludes

redudion of disease spread, improwaent of an ecosysterf resilience to stress and invasive

species, and can improgent ofl Yy S O2 a & a i SY Qato and vedovelram clingge NB & LJ2
(Oliver et al., 2015; Vasiliev, 2022)

Humancaused disturbances are increasing on the landscape. Increased air temperatures in
turn increase water temperatures, in some cases beyond what organisms in the environment can
adapt to(Gunn and Snucins, 201@he construction ahfrastructure such akydroelectric dams
fundamentally changes aquatic hadis and creates barriers for migration(Browne, 2007,
COSEWIC, 2017; Cooke et al., 202dyitionally, as roads increase themanaccessibility to
previously remote areas, introduction of invasive species that cause ecological harm are
expected to expandKaufman et al., 2009; Kizuka et al., 201E)r successful management,
biodiversity hot spots and key habitats must be identified and protected before disturbance
occurs Without this baseline research, it will be impossible to identify changes in populations
and behavior of aquatic organisrfidaxton et al., 2018; Kessel et al., 2018; Farrell et al., 2024)
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State

Biodiversityof fish andaquaticinvertebrates

Ecosystem wide inventories of freshwater fish species are limited. Some recent efforts in
describing the Hudson Bay lowland fish diversity have been completetieb ooperative
Freshwater Ecology Unit (CFEU) based at Laurentian University in Sudbury, Ontario (summarized

within the amesBay watershed.

As fish inventories are still limited, we can attempt to estimate freshwater fish diversity and
distribution through modeling to inforrmanagement decisions. By combining the few available
fish diversity data sources, such as those within the Royal Ontario Museum records and Ont
Ministry of Natural Resources and Forests databases, with physical ecosystem properties, such
as air temperature, precipitation and landforms, the habitat conditions for various species can
be approximated. These habitat conditis can then be used to project the current and future
distribution of fish specie€Southee et al., 2021p50uthee et al2021) created models to identify
key areas for protection targeting several management goals: preserving lake sturgeon, lake
whitefish, brook troutandwalleye populations or total biodiversity. The mo@ateal protection
areas for total biodiversity overlapped significantly with lake sturgeon, lake whitefish and
walleye, but the model for brook trout, a celdater fish, targeted more northern areas than the
other models. Therefore, targeting total bioérsity may miss coldater fish, so these
populatiors may need to be targeted independently of total biodiversity.

Although modeling can ba helpful management tool, further data is needed to improve
accuracy in thesouthwestern Hudson Bay and James Bayershed. The handful of physical
ecosystem characterissaised bySouthee et al. (2021may miss species specific ecosystem
requirements, such as key spawning grounds or juvenile habitat, that, if lost, may irreparably
influence that species populationTo inform management decisions, further widespread
systematic monitoring of distribution and habitat use is reqdir These studies can identify
biodiversity hot spots, such as the Moe&eitibi River confluencé_ennox et al., 2018}hat can
focus protection efforts.

Benthic invertebrate biodiversity can be used as an indicator of water body health and has
been monitored systematically through the CABIN datab&ggi(e 19. CABIN is a Canada wide
standardized methodology and database used as a tool to monitor Benthic invertebrate
community changes due to disturbanceAsit is most frequently used by hydropower or mining
industries to meet ecosystem assessment requirements, the locatidhg @ABIN database are
usually highly disturbed habitats such as the Attawagtisknd MooseRiver watershed.
Ecosystems with lower industrial disturbance suctthresWinisk and EkwaRiverwatersheds
have very limite¢tho data reported within the CABIN databasdeaving holes inthe
understanding of the biodiversity die freshwater benthos diversitthroughoutthe HBL.
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Figure 19, CABIN biomonitoring  stations within the western James Bay watersheds:
https://open.canada.ca/data/en/dataset/13564cag33040a59521-bfb1be76714 Green circles represent stream
sites, and yellow squares represent lake sites.

Contaminatsin fish

Fish harvest is a key component of theditional diet and culture of theOmushkegdSkinner
et al., 2013; Tam et al., 2013ish within the territory are known to have haghthan typical
levels of heavy metals such agercury (Hg) arsenic (As) anghromium (Cr) whichmay cause
significant impacts to human heal{Moriarity et al., 2024)Understanding what influences the
levels of contaminants in fish and monitoring contaminant levels can empower communities to
continue traditional harvest without fear of health risks.

Patterson et al(2020)compiled the results of several studies completed between 2008 and

2018 by the Cooperative Freshwater Ecology Unit (CFEU) based at Laurentian University in

Sudbury, Ontario that examined the concentratiorHaf in fish tissue in the HBL. In these studies,

large body fish tissue samples were taken fridsh in6 major rivers and 23 lakes to determine

differences in the concentration a¢dgin fish tissues temporally, spatially and between species.
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In all water bodies sampled, some fish were not safe for consumpliogy found at a standard

size of 1000 g, the differences in mean predicted total mudgleoncentration between species
were as follows: the lowest concentrations were found in anadromous (river spawning) species
(brook trout, cisco, and lake whitefish) and in lake sturgeon. Mercury concentrations were slightly
higherin benthivores (white sucker, longnose sucker and shorthead redhorse) and piscivorous
fish, such as northern pike and uejle.Walleye had by far the highest mercury concentrations

of any species in the studyith a predicted total muscle mercury concentration more than
double that of northern pike. In comparison to historical d&afterson et al(2020)found that

the level of mercury in the muscle tissue of lake whitefish, white sucker, and northern pike had
not changed substantiallyirecethe 1980s, but the concentration in walleye tissue decreased by
nearly 27%. As only 3 rivers, the Albany, Moose, and Harricana Rivers, had historical tissue
mercury data from 1980, this analysis was restricted to the lalaeresBay watersheds.

Thedifferencein fish tissugotal Hg concentrationbetween riverstationswas dependent on
species specifically dr some specigsthe concentration of total Hg increased along the
northwestsoutheasttrajectory. For others it decreased and for others there was no distinct
pattern. This indicates that the concentration bfgin the waterways themselves may have a
smaller influence on the concentration of total Hg in fish tissue than diet shifts between rivers.
For instance, trophic analysis showed that stoyg shift betweerbeing detritovoresand being
piscivoes depending on location. As Hg bioaccumulates, small shifts in trophic level can have a
large influence on concentration of total Hg in tissues. Along individual rivers, the distance from
the coast influenced concentration of total Hg in fish tissue, hatttajectories were dependent
on river. For examplein the Attawapiskat River, concentratieof total Hgin fish tissuesvere
higher near the coast than in the boreal ecozone. The reverse waddrube Albany River,
where concentratios of total Hgin fish tissuesvere lbwer near Fort Albany the200 km
upstream.

There hasalsobeen increasing research on other toxic elements in fish tissue. In a study
sampling 12 rivers that flow intdamesBay of the 10 elements sampled, only Hg, Arsenic (As)
and Chromium (Cr) concentrations were found to be above advisory lgesdsord et al., 2020)
They found evidence for the bioaccumulation of Hg, Assatenium §9 in this region, but not
for Cr. Cr concentrations were highest in the Albany, Attawapiskat, and Winisk river mdhéhs
Attawapiskat and the Winisk River watersheds are known to aweepositgLescord et al.,
2020) It will become increasingly important to tracke concentration ofCr in fish tissuas it
may increase wh increased mining activity. The #sncentrationin fish tissue was higher in fish
collected near the Hudson Bay and James Bay coast compared to inland Qmtaciomay be
due to the higher background As concentration in marine water and dlgsscord et al., 2022;
Ponton et al., 2022; Kluke et al., 2023pw toxic As is depends on its fogmorganic As is much
more toxic than organic As. Current recommendations for safe As levels for consumption assume
10-20% of As is inorgan{tescord et al., 2022)n fish collected along the Attawapiskatver,
there was no inorganic As detectedather all As that was detected was orgagiiescord et aJ
2022, indicating that fish may be safiler consumptioreven if high levels of total As is detected.
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It is well documented that Hydedectricdams increase bioaccumulation ldfyin fish for the
first several years after impoundment before returning to background le{(@lsedeau et al.,
2017) In the Moose Riveit wasfound that the concentration ofgwas below what they would
expect to impact sturgeon health and, when comparing impoundadusreference sites, that
the hydro impoundment did not significantly affect totéddlg or methylmercury (MeHg)
concentrations in sturgeon blood. In fact, sturgeon from the undistufdedth FrenchRiver had
the highest mercury concentrations. Instead of impoundment, fish length, and to sometexten
trophic level, was a stronger predictor ldfyconcentrations (Lescord et al., 2024Because of the
large ranges of sturgeon, comparikty levels to a baseline before the dams were built would
havebeenmore informative Patterson et al(2020 found that large, bodied fish from thdoose
Rver (the most hydroelectrically developed river in this region) did not have notably higher levels
of Hgthan the other the rivers in the James Bay watershed.

Climateimpacs

Particularly warm years or events (heat waves) are known to have impacted aquatic species
including fish populations in the HBL. For example, in 2001, increased water temperatures within
the Sutton River and its headwater lake (Hawley Lake) led to the magality of anadromous
brook trout (Salvelinus fontinaljs This fish die off was attributed to thermal stress caused by
abnormally high summer air temperatures which caused unusually warm wéBrsn and
Snucins, 2010)This finding aligns with the abrupt marine climate shift reflected in ice loss and
marine heat waves described above. Inde@dnn and Snucins (201@te that the Sutton River
mouth is influenced by heavy onshore winds and currents throughout much of the year that force
cold seawater to the mouth of the river, making the lower reaches of the river susceptible to
southern Hudson Bay surface water tematire variability. The southwestern coast of Hudson
Bay can be the first or the last area to have seaand correspondingly exhibits high variability
in sea surface temperature@albraith and Larouche, 2011)n spring 2001, snow and ice
disappeared early, air temperature at PeawanucifNexceeded 2% for at least 17 days and
reached a maximum of 3G during the week of the observed brook trout mortality. Along with
changing marine conditions, such as reduced ice and warmer coastal waters, the-fo$hndagy
also have been partly caused by thermal stratification in the historically cool;mwixedwaters
of upstream Hawley Lake. The remaining fish were only observed in the cooler waters near the
river mouth. This exampleshows the impact a shift in climgt®r a sudden, unpredictable
weather eventcan have on vulnerable speciiggt are not able to adapt quickly enough.

Habitat fragmentation

For Lake Sturgeon which is an endangered species (Haxton and Bruch, 2022)dam
construction carcauseseparationfrom or destruction of key spawning habitahd cause injury
or death due toentrainmentandimpingement(Haxton and Cano, 2016; COSEWIC, 2017; Cooke
et al., 2020)Due to their life history strategytiwgeonare particularlysensitive to fragmentation
(Haxton and Cano, 2016; Arantes et al., 2019; Cooke et al.,.Z088) have long migrations with
specific habitat requirements for reproduction and recruitmg@rowne, 2007; Haxton and
Cano, 2016; COSEWIC, 2017; Cooke et al.,.20&djionally, they are periodic (i.e. large, long
lived, late sexual maturitylots of offspring with low parental carandtherefore areparticularly
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slow to recover from population decline(especiallywith loss of larger individuals)and
fragmentation(Browne, 2007; COSEWIC, 2017; Arantes et al., 2019)

Northern Ontario has one of the last and largestftagmented populationgBrowne, 2007,
Haxton and Cano, 2016; Haxton and Bruch, 2da2&)much is not known about their population
and behavior Althoughthey arepresent, there is no data on the population size in the ¥ini
Severn,and Harricana Rvers (COSEWIC, 2017Although population estimates exist for the
Attawapiskat, Albanyand MooseRvers, these records areverall dated and trends in their
populationsizesare not confidently establishe(Browne, 2007; COSEWIC, 20Bdditionally,
much is unknown abouthe migrationsand key spawning groundsnique to each waterway
(Browne, 2007; COSEWIC, 2088 behavioland population sizehanges with fragmentation,
identifyingbaseline lake sturgeon behaviand population levels necessarin orderto identify,
and correctchanges after fragmentatiodue to dam constructioroccurs(Haxton et al., 2018;
Kessel et al., 2018; Farrell et al., 20&Hmerecentstudies in the region haveegunto fill these
knowledge gapdn these undisturbed riversuch as thé\ttawapiskat Riversturgeorhave been
observed using variety of habitats covering long distances overithigetime (Haxton et al.,
2018) Additionally, the d_earningfrom Lake Sturgearproject, a collaboration of WCS and The
Moose Cree Firdiation, has found that sturgeon movement rates and daily distanceshi
undisturbed North French River was higher than that of thearby, highly fragmented
Mattagami River(Farrell et al., 2024)This research grouplans tocontinue monitomng the
populations in these two rivers.

Invasivespecies

Invasive species are species that ar@-native and cause economic or ecological damage.
The tracking of the spread of invasive speciesursently done throughhe Early Detection and
Distribution Mapping System (EDDMapS) in Onté@dMNRF, 2023)This program relies on
reports from volunteers and therefore most of its dasancidental observation. Provincial level
systematic and risk based sampling is lackiGO, 2022}herefore many high risk species are
spreading unoticed especially in more remote areas such asgbathwestern Hudson Bay and
westernJames Bay Watershed.

Fish invasive species are often introduced intentionally as game species or unintentionally as
bait species. In fact, accessibil{tye., to fishers)s one of the main prediots for fish invasions
(Kaufman et al., 2009; Kizuka et al., 2044dd over exploitatior{fKaufman et al., 2009; Wilson et

smallmouth basgMicropterus dolomiepandrainbow smel{Osmerus mordapin the¢ S NNA (1 2 NB Q
watershed. Rainbow smelt are present in the Hudson Bay drainage basin including the Nelson

River system in the Manitoba portion of the HBooney and Paterson, 200#ccording to

Ontario government sources, these spedmewe been captured in several locations in thes

area (Figure 20)(https://www.ontariofishes.ca/home.htr)y and are predicted to becomena
anadromous population in Hudsday (Coad and Reist, 201&)lthoughrainbow smelt can serve

as an important forage species for piscivores, they are also believed to compete with and prey

on juveniles of some native species such as cisco, lake whitefish, and wgalt#yes and
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Hulsman, 1986; Evans and Loftus, 1987; Mereaiia et al., 2007; Patterson et al., 2020)
Smallmouth bass could have negative effects, both through predation and competition, on
important food and forage speci¢dacRae and Jackson, 2001; Van Zuiden and Sharma, 2016)
As access increasesthrese majorwatershedareas invasive species will become an increasing
issue. This includesivasion by species that are present within the Laurentian Great Lakes
through unintentionaintroductionvia boatsand other anthropogenic activities within the water
system Several models have shown thatithregion isat moderate risk for Zebra and Quagga
musselestablishmentif invasionoccurs(DFO, 2022)Additionally,with such a broadange of
acceptable environmental conditions for survivepiny water flegBythotrephedongimanus is

well suited to invade many northern lakes which themselves include a wide range of pH and
humic conditionsas well as a wide range of maximum summer temperatures, largely dependent
on depth and latitudéJohannsson, 200./Aurther work is necessary to determine the species of
high concern for eachNJA @\Batekiedand to monitor the introduction and spread of those
species.

Osmerus mordax Micropterus dolomieu
Rainbow Smelt A Smallmouth Bass

Sers

B

Figure20. Capture locations of Rainbow Smelt and Smallmouth Bass in Orftatps://www.ontariofishes.ca
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AppendixA: Hydrology for Specific Watersheds

The structure and hydrology of all the major watershedthe Territoryreflect typicalshield-
to-bay drainage transitions with a strong lake influence in the headwaters. Howéwer,
hydrology of theNBE 3 A 2 y Q& Y | B@gNdctgThaisSridde Kr&aR &f the watersheds vary
from 16,900 kmfor the Ekwan to 118,000 khfior the Albany Tablel0; adapted and modified
ranked second largest in terms of watershed area behind the Albany Rivéne Moose River
has the largest flow discharge (39.0%year)indicating higheyield. This appendix contains brief
descriptions of the hydrology of the seven major watersheds. Maps show the stream networks
and designated protected areas.

Tablel0. Characteristics of seven majirersin the southern Hudson Bayvestern James Bay study area (adapted
and modified from data presented Déryet al. 2016 and Kuzyk and Candlish, 2019).

River Region Province Drainage Area Drainage Area Discharge Discharge
(outlet) (gauges) (km?2) Rank (km3/year) Rank
Severn HB ON 94,300 3 219 3
Winisk HB ON 54,710 4 15.2 4
Ekwan JB ON 16,900 7 2.8 7
Attawapiskat JB ON 36,000 5 11.4 5
Albany JB ON 118000 1 31.8 2
Moose JB ON 98,530 2 39.0 1
Harricana JB QC 21,200 6 7.8 6

Severn River Watershed

The hydrology ofthe Severn River watershe@igure 21)yeflects a complex rivelake system
transitioning fromCanadian Shield to Hudson Bay Low]amith a mix of steepand lowgradient
channelsand river basia. The SeverRiverdrains the large Hudson Bay sedimentary basin and
consequentiyhas alarge-scale radial drainage systgf@umming, 1968)

The Severn River watershedn be divided into three major sections, the Upper, Middle, and
Lower Severpreflecting theSachigRiver entering from the west abod70 kmupstream from
Fort Severrandthe Fawn Rivedraining out of Big Trout Lake and enterihg Severn from the
east about 65 km downstrearftom the mouth of the Sachigo Riv€€Eumming, 1968) The
community ofFort Severns situated alonghe bank of the Severn Rivé&r km fromthe coast of
Hudson Bayand is home to about 400 peoplaith another 250Fort Severn First Nation
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community members limg elsewhere(Gibson et al., 2012Fort Severn is a member of the
Keewaytinook OkimakangkKO)Tribal Council and the Nishnawdeski Nation (Treaty #9 area).

The Fawn River was used frequently as a fur trade routBigp Trout Lakénow known as
Kitchenuhmaykoosib Inninuwug or Kl for short). also known as Big Trout Lake First Nation or Ki
for short, is aFirst nations community in NorthwesteOntario. Theyare part of Treaty 9. T&
Ojr-Creecommunityis one of the largest First Nations communities in the regwith the 2016
census idetifying the population as more than 1000 peopluring the 1970s,hie community
worked with researchers tonderstandand addresghe causes of eutrophication of Big Trout

lake (Jackson and Mckay, 1982he communitpuccessfullppposed miningn their territory in
HnncI gKAOK &a2YS adza3sSad ¢l a AyadNHzySyidlrt Ay
2009(Peerla, 2012)

Figure21l. Severn River Watersheshaded in yellowRivers argepresented by light blue line&reen shaded areas
on top of the basemagpre protected areasThe daskd line representshe borderbetween Ontario and Manitoba.
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Winisk River Watershed

Similar tothe Severn River watershethe Winisk River watershedrigure 22)s shaped by
complex lakeriver interactions and can be divided into three major sectiahe Upper, Middle,
and Lower WiniskExtensivdarge interconnectedlake systems dominatm the Middle Winisk
section. Major subwatersheds includelte Asheweig Rivewhichjoins the Winisk about 300 km
from Hudson BayThe Shamattawa Rivgoins the Winiskabout 35 km from theoutlet andthe
confluenceiswhere the community oPeawanucks located(Weenusk First Nation).

The Watershed Hydrology Lab, Aquatic Research and Monitoring Section (ARMS), Ontario
Ministry of Natural Resources (OMNRAs recently developed a dashboard to support the
2 SSydzal CANRG blrOA2yQa [/ 2YYdzyAdGe . FaSR az2yAl
Watershed (Bob Metcalfe, pes. comm., March 202%. This dashboard combines traditional
ecological knowledge (TEK) with data from ldegn streamflow and climate monitoring and
modeling to helpthe community understand current and historical watershednditions,
ARSYiGATFe GNBYRazX YR IYGAOALI GS FdziidzZNBE OKI y 3
KERNRf23IA0Ftf Od0fS FyR (GUKS CANRUG bliAz2yQa RSS
and water.The dashboard complements traditional ecological knowledge (TEK) in-ayeudo
approach, recognizing the importance of watersheds to the cultural, spiritual, and physical well
being of First Nations and their role in sustaining traditional ways ofHdecan be accessible
here: Winisk River Watershed Dashboard vISince 1971 there has been a positive trend for
annual total precipitation within all gauging stations in the Winisk River Watergfigdre 3a);
however, the trend is not evident across all monRrigure 3b). Additionally, the trend of annual
streamflowis likely positiveasis alsoshownfor monthly streamflowin several montk (Figure
24).
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Figure22. Winisk River Watersheshaded in yellow. Rivers are represented by light blue lines. Green shaded areas
on top of the basemap are protected areas
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