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Disclaimer

This report reflects the best efforts of the preparéBan Kraus anMlegan hrig) to accurately represent
and interpretthe available expertise and information on Lake Superiorthedviews and opinions of
the project participants. Every effort to ensure the accuracy of the infoiwnatontained in this study
hasbeen taken. We welcome suggestions for improvements.

Volume 2: Regional Summaries

Please note that this report includes two voluméflume 2 containsegional summarieand maps

that are referred to in this documentt is recognized that many regions contain additional information
and mapping on biodiversity and threats that could not be fully reflected in this repdhierever
possible, regional and local data and spdtifdrmation on biodiversity targets and threats has been
noted in the text.
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Lake Superior Biodiversity Conservation Assessment
Executive Summary

Lake of the Great Waters

Lake Superior is unique among the2 NX R Q¢
freshwater lakes. Situated at the top of the
OKIFAYy 2F GKS DNBFG [
freshwater lake by arealt is also the coldest
and deepest of the Great Lakes, with a maximi
depth of 406 metres. Because of its massive
size, Lke Superior has a retention period of 19.
years. Despite its northern location, theke
rarelycompletelyfreezes over due to the
enormousmass of watereven in the coldest
winters. It is also a lake of extraordinary
biodiversity, supporting endemind disjunct
fishes, a unique deepwater form ke Trout
(Salvelinus namaycuglidiverse coastal
wetlands, extensive sandy beachssd the cool
coastlines and islandsahbor arcticalpine plants
andWoodland CariboRangifer tarandus
cariboy.

Lake Supéor oasthhoto y Ethan Meleg)

Developing a BiodiversitonservationAssessment for Lake Superior
Developing thd.ake Supeor BiodiversityConservation

Assessmentvasidentified bythe binationalLake e

Superior Lakewide Action and Management RlaAMP) | =

as a importanttool to better integrate biodiversity
objectives into current lake managemerand to support
implementation of the Greatakes Water Quality
Agreement(GLWQA) This assessment project will
support the development of a conservatistrategy for
Lake Superior

A project team from the Lake Superior LAfBt
developed a draft report bsed on areviewof existing e
information. The assessmerf biodiversity target health =
and the ranking of threata/ere done through the
Conservation Aabn Planning frameworkThis
framework has also been used to develop biodiversity The project scope includé® open waters of the lake,
conservation strategies for Lake Ontario (2009), Lake islands, coastal areas and the watersheds of tributaries w
Huron (20D), Lake Michigan (2012nd Lake Eri€019. 2 focus on how they affect the biodiversity of the lake.

The draft biodiversity conservation assessment (biodiversity targets, threats, regional summaries) was shared with
experts for their review andomment This included webinars that provided an introduction to the project, and
series of webinars based dhe biodiversity targets andegional summariesOver 80 Lake Superior experts

reviewed and contributel to the document Key changes resiutig from expert review includedpdates to the

viability and threats analysis and the addition of key information to the regjisunmmaries.
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The Health olLake Superior

Seven conservation targetsere selected that encompass the biodiversity of Lake Supefioese includaquatic
coastal,andwatershedtargetsthat have many speciemnd habitatsnested within them.The health of these
biodiversity targets was assessed based on SOLEC indicators, with some modifidatomserall viability
assessment for LaKe dzLJS NJA 2 NJthk lake is i & StaReéof health that is within the natural range of variation,
but some management intervention may be required for some elemente biodiversity conservation target that
had the lowest viability was watersheds and tributari&ghile neardore and embaymentare ind &de health,
they are approaching the threshold fdfaire. For many of the coastal habitataquatic and terrestrialand
watershedsthere is a high degree of regional variatiortamget condition. To better illustrat these regional
differences, stregsondition indices were mapped for watershe{Great Lakes Environmental Indicato@_H|
2013, lake watersGreat Lakes Environmental Assessment and Map@hé&ANI2012 Allan et al. 2018and
coastal areas (analystempletedfor this project). Information on biodiversityhealth, threats andmportant

habitat areass alsoprovided for 20 regional units arouritie lake.

Summary ofBiodiversity Conservation Targetsnd Health for Lake Superior Overall

Health
Deepwater and Offshore Water8enthic and pelagic waters that are >80 m in depth. GOOD
Nearshore Zone and Reefébastal areashat arebetween 1580 m indepth, andshallow reefs GOOD
Embaymentsand Inshore Embayments and the inshore zonedaipths of 615m. GOOD

Coastal WetlandswS i f  yRa A GKAY W 1Y 2F [F1S { dzJSN GOOD
that have historic and current hydrologic connectivity to, and are directly influenced by the lak

Islands All land massethat are surrounded by water, including both natural and artificial island] GOOD

Coastal Terrestrial Habitat$4abitats within 2 km from the coast or to the extent délineaton. GOOD

Tributaries and Watershedll rivers, streams and inland lak#ésat flow into Lake Superior and | FAIR
their associated watersheds

Threats and Conservation Issues
Theoverallthreatrah  F2NJ [ F 1 S { @HSBNR vy SR ¢KNBFGa G2 [F18
driven by a high ratig for climate changequatic inasive

speciesand dams and barriersThese threats rank the highe
because they impact many targets over a wide area and, i
some cases, are very difficult to reverse. These high ranki |Climate Change High
threats generally reflect SOLEQ.INJS Zirdidzis ¢hathave

Aquatic Invasive Species High

L. . . Dams and Barriers High
been assessedspoor and declining including climate chanc 9
(i.e.,ice duration) and aquatic invasive species. Atmospheric Deposition Medium
Coastal Development Medium

The biodiversity conservation targets with the highest three
ratings are: the nearshoreone and reefssmbaymens and Incompatible Forestry Medium
inshore coastal wetlandsand tributaries and watersheds

These systems generally have the highest numbethrefats
and are susceptible taquaticinvasive species, climate chan | Non-point Source Pollutio Medium
andthe continued habitat impacts afams and barriers

Mining Medium

Terrestrial Invasive Speci Medium

Next Steps

Thk biodiversity conservation assessment is intended to summarize the best available information on Lake

{ dZLISNRA 2NR& O0A2RAGSNREAGE YR LINRPOGARS Iy Fyltegara 2y KSI
Superior LAMIh the development of &iodiversity conservation stratedgyg 2014
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1.

Introduction

1.1 Gichigammi* - Lake of the Great Waters

Lake Superior is unique amotigk S
Great Lakesh (i

Aa GKS

62NI RQ&
¢ 2 NI RQBy afed aNdd Sck ifi nafiiiiBnd KumarinBiky (Bek | S

BiNEed Ktdhe ibSoRthetchaln 6f she

Box 1.1) It is the coldesaind deepest of the Great Lakegith an average depth of 14Metersanda
maximum depth off06 metres. Because of itmassivesize Lake Superior has a retention periodlfl
years the longest of all the Great LakeBespite its northern location, thenormous mass of water in
Lake Superiorarelycompletelyfreezes overeven in the coldest winterdt is also a lake of

extraordinary biodiversity, supporting endengnd disjuncfishes, a uniqgue deepwater form afike
Trout(Salvelinus namaycujltiverse coastal wetlands, extensive sandy beaemekhe cool coastlines
and islands harbor arctalpine plarts andWoodland Caribo@Rangifer tarandus caribguWhile

several areas and feature$ the lake have been altered by human activities, Lake Superior is the least
impactedof all the Great Lakeand many of itaquatichabitats watersheds and coasemainhealthy

and intact(Table 1.1, Figure 1.1)

Box 1.1:Ten Lake Superior Facts Eyene Should Know

1.

n

10

Gichigammis theOjibwe (also known as Chippewa or
Anishinaabepame for Lake Superior meaniagD NB | i 2
2NJ aDNBIFG [1S¢

Lake Superior is the largest freshwater lake in the world by a|
[ F1S { dzLJSNR 2 NJ O2 vy srfacy fleshwatse
This is more water than all the oth@&reat Lakes combinednd
enough to floa all of North America under 30 cm of water.
Lake Superior has ov2r500islands,ncluding Caribou Island,
the most isolated freshwater island in the worl&ome of these
islands support colonies tiie American White Pelican
(Pelecanus erythrorhynchops

Lake Superior ha&479km of coastine. This is longer than the
RAA&GE YOS 06 S (MefBuyidapdiadd VistdriBstisha
Golumbia

Lake Superid® éoast and islanslsupport one of North

I YSNR O QanoshpppldatisrSol/oodland Caribou

[ F1S {dzLSNR2NDa RSSLI dddiégdS NA
form of Lake TrouD | f Si&&weidSalvelinus namaycush
siscowe}.

Some coastal areas bake Sugrior remain so coathrough the
summerthat they support populations of arctialpine plants.
The Lak&uperioNational MarineConservationArea,
established in 2007s the largest freshwater protectearea in
the world.

.Waves on Lake Superior can reach over 10 m in hefght.

phenomeron known as the "Three Sistersilhen a seies of
three successive large waves fonvgs implicated in the sinking
of the SS Edond Fitzgerald ilNovember 1975

The managementand conservatio of Lake
Superior isunique in theGreat LakesThe lake
haslarge areas opublic andprotectedlands
and First Natioesand Tribes play an important
role in managing the lak@able 1.2Figures1.2
and 1.3.

While several large protded areas havéeen
establishedcandmuch of the Lake Supier basin
and coasis undevelopedmany coastal areas
particularlyin the U.S, arein private ownership
andfacing increaisg development pressures
Many watershedsavehighhousing and road
densityas a resli of urban areas, second home
and forestry(Figure 1.3which can result in
habitat loss and decliningater quality. The lake
also has a number of legacy impacts including
dams and toxic sitesDams have reduced acces
to river habitats for somenigratory fishes, and
some contaminanthave persisted in thaquatic
envirormentd SOl dzaS 2F [+ 1 S
watersandslow growth rate of fises Otherkey
issuednclude aquatic invasive species, mining
and climate change

Despite these challengelsake Superior remairiee most pristineof all the Great.akes and providesn
unparalleledglobal opportunityfor binationalconservationrand maintainingiologicalreference sitesn

iKS

g2NI RQa

f | NB S.aTts répdii\Hdégs-a sutnmansodtBezhitabind Biréats to

the biodiversty of Lake Superior, and is intended to providgatingpoint to developeffective
lakewide and placéasedconservation strategies.

1

f a2 aKudigun®iR o
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Figure 11: Landand WaterCover in the Lake $erior Basin

Most of the Lake Superior basin is characterized by forestsrdend waters, with less thar2 in urban
and agricultural land useThe Lake Superior basin has at least double the amount of natural cover
compared to any of the other four Great Lakes (based on percentage cdddsdn areas are mainly
associated with Duluth and Thunder Bay, and agricultural land use occurs maingcon$if in the
southern portion of the basinSome additional agricultural land use may be associated with the

G ANJ & a k 6 Ndaghickals@ihcllidegrectldlly cdiver areas of forest).

CONDITION Data Projection:

North America Lambert Conformal Conic, NADS3
Land Cover
Data Sources:

Land Use
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[ Hardwood

[] Water
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©The Nature Conservancy of Canada - Ontario Region
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¥
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Table 1.1: Land and Water Cover in the Lake Superior Basin

Cower Type Area (square km) | Percentageof | Percentageof
Basin & Lake | Basin (Land only)

Agriculture 1,286 0.68% 1.12%
Bare ground 554 0.29% 0.48%
Cloud shadow 2,454 1.31% 2.14%
Conifer 40,340 21.46% 35.22%
Conifer/hardwood 25,40 13.80% 22.65%
Developed 348 0.19% 0.30%
Grass/brush 4,751 2.53% 4.15%
Hardwood 30,356 16.13% 26.48%
Water 8,540 4.54% 7.46%
Lake Superior 73,435 39.07% NA
Total 187,972 100% 100%
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Figure 12: Land Protection and Management in the Lake Superior Basin.

Lake Superior has tHargest coastal protected areas in the Great Lakes basin including Pukaskwa
National Park, Lake Superior Provincial Plamke Superior iihipelago Conservation Reseraed Isé
Roya¢ National Park Over 10% of the basin and 30% of the coast is includedrikswith strict
protection.

CONSERVATION
Land Protection and Management

R Lake Superior Marine Conservation Area
[ National Park
[l state or Provincial Park / Conservation Reserve
Wildlife Area / National Wildlife Refuge / Natural Area
B CA/ Land Trust / Municipal / NCC / TNC
[ First Nations / Indian Reservations
I National Forest
7] Crown Land / State or County Forest
Private Ownership

The Nature Conservancy of Canada - Ontario Region
21-June-2013
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Table 1.2: Summary of Protected Areas in the Lake Superior Basin

Protected Area Area (knf)
National Park 2,661
State or Provincial Park / Conservation Reserve 8,448
Conservation Authority/Noitsovernment Organization/

Land Trust/Municipal Patiwildlife Refuge/Wildlife Area 1,800

2 Database incomplete
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Figure 13: First Nations and Tribal Lands and Territories in the Lake Superior Basin

First Nations and Tribes are very important amtive contributors to the management of Lake Superior.
This includes significant involvement in the Lake Superior Binational Program, the management of many
areas of important cultural and natural heritagestive-field science and resource management,

partnering in various restoration and protection initiatives, and being the source of Traditional

Ecological Knowledge.
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Figure 14: Housing and Road Density in the Lake Superior Basin

Housing density (red dots) and road density (red shading depidisdeigsity, green shading lower

density) are generally higher in the U.S. than OntaBome regions of Ontario have high road density

from forestry operations Isle Roya National Park, Black Bay Peninsula and the Pukaskwa National Park
region all stand out for the near absence of houses and roads.

THREAT
Housing Density

Houses per Census Block
721 1 Dot = 1 House*

*Dots do not represent actual locations.

LAKE
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CONDITION
Threats
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1.2 Objectives and Project Scope

Objectives

Hforts to conserve and restore Lake Supefidiodiversityby the Lake Superior Lakewidetion and
Management Plah(LAMPhave been ongoing for over 20 yeafEheLAVIP includes over 20
organizations angrovides a binational management framework to maintain and restore the physical,
chemical and biological inggity of the lake.A Vision for Lake Superixpresses the commitment and
common desire of the Lake Superior communitio foster a healthy, clean, and safe Lake Superior
ecosystem where diverse life forms exist in harmony; where wild shorelinesstardls are maintained;
and where development is well planned and biologically sbund

The Lake Superior LAMP has always had a very strong &ocbiodiversity (LaMP 2006). Building on this
experience, the objectives of the Lake SupeBmdiversityConservation Assessmesite:

1. To present, in a single document, relevant information and planning tools related to Lake
Superiof Biodiversityand conservation.

2. TopovideamoreilRSLIG K | 3aSaayvySyd 2F (GKS fF{1Smh 0A2RAQD
lakewideand regioml geographical scales.

3. To sipportacommon approach to biodiversity conservation planning among the Great Lakes by
following a concept similar to the biodiversity conservation plansHerother Great Lake@.ake
Ontario Biodiversitystrategy Working Group 2009; Franks Taylor et al. 2010; Pearsall, Carton de
Grammont, Cavalieri, Chu et al. 2012; Pearsall, Carton de Grammont, Cavalieri, Doran et al.
2012, while meeting he needsf the Lake Superior MP.

This Lake Superior BiodiveysConservation Assessment is the first phase of a larger project
Information synthesizednd reviewed by expertduring this phasgon the health of biodiversity,
threats, and regional prioritieswill form the basis for the second phase, which willide the
develgoment of strategic actions Thissecond phase isxpected to be developennmediately after the
conclusion of this phaseTogether, these two phases will constitutéaltewideproject similar to the
biodiversity conservation strategiesghhave already been completed ftire other Great Lakes.

The results of thiprojectsuppot several of theAnnexes of the 201&reat Lakes Water Quality
Agreement GLWQA This includes establishing baseline and assessment information that will inform
future monitoring andecosystem objectives, identifyirageas of high ecological valaed the
development of lakewide habitat and species protection and restoration conservation stratdgies.
document also supports initiatives outlined in the UBeat Lakes Restoration Initiati¢(&LRIand the
CanadaOntario Agreeent Respecting the Great Lak®asin Ecosystenand the resulting strategy will
be used to help identify priority actions apdiority areas

®The Lake Superior LAMP was established by the Lake Superior Binational Program. The name of the affibiRiycsnged from the
Lakewide Management Plan (LaMP) to tizkewide Action ahManagement Plan (LAMP) in 2013 when the amended Great Lakes Water
Quality Agreement (GLWQA) formally came into effect.
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Project Scope

Since the focusf thisproject is to foster biational action to conserve and restore the biodiversity of
Lake Superior, the scope will include thygen waters of thdake (to the headof the St. Marg Rive),
islandscoastal areas (roughly 2 km inland from the shorelarg) the watersheds ofributaries with a
focus on how they affedhe biodiversity of the lakérigure 15).

Figure 15: Project Scope Lake Superior Basin with major watersheds.

CONSERVATION STRATEGY Data Projection:
North America Lambert Conformal Conic, NADS3
Lake Superior Basin

Data Sources:

. Hensen et al 2010

| HUC 8/Tertiary Watershed / Island Complex Ontario ;;.mydu..m( Resources 2010

US Geological Survey and US Department of
Agriculture, Natural Resources Conservation Scikence
2012

anada
31-May-2013

Sault Ste. Marie




Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

1.3 Approach and Methods

This report was developed based the existinginformation on the biodiversity of Lake Superior and
draws heavily from théiodiversity information previously developed by the LAMR.(Important
HabitatSites andAreasin the Lake Superior Basil) KS DNBF G [ 1S4 FBAAaKSNE / 2YY.
CommunityObjectivedor Lake Superiognd the State of the Lakésosystem Conference (SOLEQ)
Biodiversity Conservation Strategies recently prepared for the other Great Lakes were also reviewed
(Lake Ontario Biodiversity Strategy Working Group 2009; Fraayksret al. 2010; Pearsall, Carton de
Grammont, Cavalieri, Chu et al. 2012; Pearsall, Carton de Grammont, Cavalieri, Doran e).aln2012
addition, literature on Lake Superior was identified through a search of journal datal@asesVeb of
Knowledge JSTOR)ndinformation searchesn the internet were alsancorporatedinto an annotated
bibliography As Lake Superior was the last lake to haBeodiversityConservationAssessment
completed, the project team also contactsdveralindividuals involved in those projedis identify
lessondearnedand recommended approaels

A project team from the Lake Superior LAMP first developed a draft report based on this review of
existing information. The assessment of biodiversity talgetith and the ranking of threats were done
through the Conservation Action Planning (CAP) framework (The Nature Conservancy [TNGIRB07).

is a proven technique for planning, implementing and measuring success for conservation projects
(Figure 16). The CAP process helps focus conservation strategies on clearly defined biodiversity targets
andlinksthreats tothese biodiversityargets While this project is just focussed on identifying

biodiversity targets and threats, CAP leads to creating consenvstrategies ananeasure within an

adaptive management framewofENC 2007)Details on how the CAP process was used to assess
biodiversity target viability and rank threats are presented in these respective sections of the report.

Figure 16: Consevation Action Planning Framework
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Mapping andspatialanalysis was based upon existing information where possible. In some cases, GIS
analygswere conducted where information was absent, or out of date. Appendix A provides a data
catalogue andgnoutline ofspatial analysisethods thatwere used for this projectin addition toa

lakewide assessmethis project alsaescribed biodiversitgonditionsand issues withii20 regional

units. These units were developed by the project team based @ategnary watersheds and coastal
environments/SOLEC coastal unitsth input from theAquatic Communities Committee/ Lake Superior
Technical CommitteeThisregionalinformation ispresented in a separate report (Volume Two).

Thedraft Biodiversity Congeation Assessmentvasshared with expds for their review Thisprocess
included webinars thatintroducedthe project, anda series @ webinarsbased orbiodiversity targets
andthe regionalsummaries In total, over 400 Lake Superior experts were contacted about the project
and providedwith an opportunity to review the draft informationExpert feedback was received in
emails,in commentsduringthe webinarsjn direct comments on the draft report and in a rew form

that was distributed with the draft reportin total, feedback was received and incorporated itite

report from over80 experts. In some caseshe project teamevaluated expertise of the experts,
weighingmore heavilythe responses of thoseitih demonstratedor seltidentified expertise on a

subject or region This approach incorporates, in part, recommendations of Burgman et al. (2011) for
expert elicitation.
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2.0 Biodiversity Conservation Targets

LakeSuperiorcontains a rich and diverse array of species, communities and ecosystems that include
aquatic, errestrial and wetland biomes-ollowing the Conservation Action Planning Framework, this
project identifiedsevenbiodiversityconservatiortargetsfor LakeSuperior(Table 2.1).

Table 2.1Summary of Biodiversity Conservation Targets

Biodiversity Conservation Targety Definition

Deepwater and Offshore Waters | >80 m depth

Nearshore Zone and Reefs 15-80 m depth

Embayments and Inshore <15 m depth

CoastaWetlands Wetlands within 2 km of the coast

Islands Natural and artificial islands

Coastal Terrestrial Habitats Natural habitats within 2 km of the coast

Tributaries and Watersheds Entire drainage area of Lake Superior including all tributariesrdadd
waters

These biodiversity targets represent and encompass the full array of biodiversity found iBusdaor
and arebased orthe major habitat types athe lake. Eachof thesebiodiversity targesincludes a suite
of integrated andhested speies and communities witkimilarconservation needsBy effectively
conserving the major habitat types selected as biodiversity targets, these nested species and
communities will also be conserveffor example, by conservitigbutaries and watershes] the needs
of migratory fishewill alsobe met.

Thesebiodiversity conservation targets were selected based on targets usételiyreat Lakes

conservation Bategies(Lake Ontario Biodiversity Strategy Working Group 2009; Franks Taylor et al.
2010; Peesall, Carton de Grammont, Cavalieri, Chu et al. 2012; Pearsall, Carton de Grammont, Cavalieri,
Doran et al. 201pandthe Lake Superior IMP 2006(Lake Superior Binational Program [LSEPRBa).
Information describing these targets, nested species ariitats, their extent and health is provided in

this section.Mapsdepicting the distribution and healtbf these biodiversity targets and key nested

features have been developed where data exigippendix A provides a summary of the spatial data
layersused for this mapping

Viability Assessment

To assess viabilityr healthof each biodiversity target, alvailableindicators from the2011State of the
Lakes Ecosystem Conference (SOLEC) reports for Lake Superisunwaarized and linked to the
biodiversity targets (see AppendiX.BFor each biodiversity target, the kad SOLEC indicators were
translated into a Conservation Action Planning (CAP) viability catdgorgdod, fair and poor) based
on the current satus and trends of that indicator for Lake SuperiBach indicator was then scored and
averagedusing CAP methodse provide an overall assessment of the health of the biodiversity target
(see Box 2.1)This approach to assessing target viability isseziant with the approach used for the
Great Lakes biodiversity conservation strategies for the other lakes.

10
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Box 2.1: Aggregation Rules for Viability Assessm@tiC 2007)
A numeric value is given to each graded indicator:

Very Good = 40

Good =3.5

Fair = 2.5

Poor=1.0

The grade for the target is derived from the average of these numeric values using the following ranges:
Poor: 1.0-1.745

Fair: 1.75 2.995

Good: 3.0-3.745

Very Good: 3.754.0

Very Good | Ecologically desirable statugquires little intervention for maintenance

Good Within acceptable range of variatiomay require some interventidor maintenance

Fair Outside of theange of acceptable variation and requires management. If unchecked, the biodiversity tardet magerable
to serious degradation.

Allowing the biodiversity target to remain in this condition for an extended period will make restoration or preventing
extirpation practically impossible.

Some of these indicators were weightéo reflecttheir importance imassessing the viability of the
biodiversitytargets SOLECurrentlyusesl8indicatorsto represent overall conditionand trendsof
aquatic dependenlife in the Great LakesThese indicatorsepresent the different levels of the éal-
web and variedocations These indicators includd:ake Troutpreyfish, diporeia, phytoplankton,
coastal wetland fish,akeSurgeon (Acipenser fulvescepandWalleye(Sander vitreus Because this
group of indicators are a direct representation of biotic heattiey are weighted double in theiability
assessment

SOLE®dicators forwater quality, landscapes and natural processe®l pressuregsepresent habitat
conditionsin which aquatielife dependor, are impacted byandare fullyweighed in the assessment
Examples of these indicators incluaeater chemistry, aquatic habitat connectivity and aquatic non
native speciesWhile pressurendicatorsrepresentstresses othreats to the biodiversity targets, many

of these indicators aralsoinverse measures of health (e g. hardened shorelines) and were included in
the biodiversity conservation strategies for the other lakes.

Some SOLEC indicators werdy half-weighted,or not used in the viability assessmer8OLE@npact
indicators €.g.,beach advisories, drinking water qualibgtulismoutbreak9 were halfweighted in the
viability assessmentWhile these indicators are very important in assessing impaired hunmesaighe
Great Lakes, their link to the health of biodiversity is not as direct as other SOLEC indicator categories.

The viabilityassessment did not includgey SOLE@sponséndicators(e.g.,treating waste wateras
these indicators are not linked target health

Some SOLEC indicators that are still in developmeate currently undetermined for Lake Superior
were populated with recent informatiothat informstheir status €.g.,surface water temperatureare
based on GLEAK2012)data). These areice duration, land cover, terrestrial nemative species,
surface water temperatureartificial coastal structures and hardened shorelifgse Appendix B for
details on these indicators and their status).

4 Only CAP categories of good, fair or poor @vessigned to SOLEC indicators.

11
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In addition to SOLEC indicatoasiewselected additional indicators were added for some targdisese

are published indicators that may not have wide application to the entire Great Lakes (anddnence

not SOLEC indicat®); but aregood measursof target healthfor Lake Superior.ndicators were also

added for targets that only had a few applicable SOLEC indicatgrsgland® & G 1F1S {dzZLISNR 21
LYRAOIG2N&Ee¢ GKFG ¢SNB FRRSR (2 GKS @GAlLoAtAGe Faas

1. Mysis relicta This freshwater shrimp pports nearshore and offshore fishes, and plays a pivotal role
in the structure and function of the Lake Superior fish community (Isaac et al. 2012).

2. IslandConditionClass Based on the threats analysis for islands in Henson et al. (28k3n sland
threat class was assigned to all ten coastal environments from Lake Sugéristthreat index is
based on a number of factors including building density, land use, mining claims, boat launches and
access for vehicles.

3. Coastal Stress IndeR condtion index dbveloped for this reporbased on artificial shores, building
density and road densityThis index was applied to the coastal wetlands and coastal terrestrial
habitats 6eeFigure 2.1and Appendix

Level of Confidence

For each target, kevel of confidence was applied to the overall assessment of viabllitis is based on
the number and applicability of SOLEC indicators, and other published information. The following
categories were applied:

Higher: There are many SOLEC indicators that are directly linked to target héalénge
amount ofcurrentinformationis available The viability ranking has a very high
probability of reflecting the overall health of the target in Lake Superior.

Medium: Thee are some SOLEC indicators that are directly linked to target hefaftiic amount
of currentinformationis available The viability ranking has a good probability of
reflecting the overall health of the target in Lake Superior.

Lower: There are oly a few SOLEC indicators that are directly linked to target hehithited
or outdated information was availahlé'here is uncertainty in viability ranking
reflecting the overall health of the target in Lake Superior.

For each targethe number ofpotential SOLEC indicators that are under developnieindicated
Application of some of these indicators may nmye both the status andevel of confidence ahe
viability rankingin the future.

Regional Variabilityof Biodiversity Health

The purpose of both SOLEC indicators andGhAiBviability assessmensto provide alakewide

summary ofthe healthof Lake SuperiorFor many biodiversity targethealthvaries greatly between
different occurrences and different regions of the lakeakewideassessment and reporting are very
important for highlidnting overallstatus trendsand issuesind informinglakewideactions, but may not

be applicabldor even usefuljo every region For each biodiversity target, the amount of regional
variability for the overall biodiversity assessment is indicated based on information in the literature and
expert review.

While SOLEC indicataranrot be applied to everyegion around Lake Superitwr provide a more local
assessment of biodiversity hiéda, there have recently been a number of reports that have generated
indices of condition or stress including Great Lakes Cumulative Stress (GLEAMI261 al. 2018

12
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and Watershed Stress Index (GLEI 20LB)king these indices to the viabilitythie biodiversity targets
can provide a tool to validate tHakewideassessment using SOLEC indicators, and providesgreat
regional resolution omiodiversityhealth. Table 2.2rovidesa summary ofthese condition/stress
indicesand how they can be lid to the health of theéviodiversity targets.Information from these
indiceshas been used to help identify thealth of biodiversity targetsiidifferent regions of Lake
Superior (se€ection4 of this report onregional summaries)Basinwide maps othese indices are
shown in Figure2.la-c.

Table 2.2 Biodiversity Targets and Associated Indices of Health

Biodiversity Target LinkedCondition/Stress Index
Reference
Deepwater and Offshore Waters | Great Lakes Cumulative Stré€d EAM 201 Allan et al. 2018
Nearshore Zone and Reefs Great Lakes Cumulative Stré€d EAM 201 Allan et al. 2018
Embayments and Inshore Great Lakes Cumulative Stré6€d EAM 201 Allan et al. 2018
Watershed Stress Index (GLEI 2013)
Coastal Wetlands WatershedStress Index (GLEI 2013)

Coastal Condition Indgxleveloped for this report)
Great Lakes Cumulative Str¢€d EAM 201Allan et al. 2018

Islands Coastal Condition Indgxleveloped for this report)
Island Condition Score (Henson et24110)

CoastalTerrestrial Habitats Coastal Condition Indexleveloped for this report)

Tributaries and Watersheds Watershed Stress Index (GLEI 2013)

> The sland Condition Score (Hensenal. 2010) was also used to assess the health of islands (see this section),
but was not mapped.The Coastal Stress Index provides similar results and provides a common measure for the
coastal areas of islands and the mainland.

13
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Figure2.1: Indices oBiodiversityHealth for Lake Superiqi3 figures)

Figure 2.1a: Watershed Stress Index
Developed by th&reat Lakes Environmental Indicators (Gpilject in 2013 for all of the Great Lakes
(GLEI 2013)The original GLEI stress gradient, developed for the U.S. side of the Great Lakes basin was
based on 207 variables from 19 sources (Ddrat.2007; L. Johnson, pers. comm., March 25 2013).
When mapping was extended to the Canadian side of the basin thecdatant, SumRel (Host et al.
2011), was simplified to relative scores for 5 data layers which reéfleonderived streses to
ecobgical condition:
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Figure 2.b: CoastalStress Index
TheCoastal Stress Inddwer Lake Superior was developed for this project and is based on similar u
and criteria used for the biodiversity conservatidragegies for the other Great Lakes. Coastal units are
based on the intersection of the quaternary watershed and coast,zap km inland buffer. Criteria
used are:
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Road density
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Natural land cover on the coast
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Figure 2.t: Great Lakes Stredadex

TheGreat Lakes Stredadexwas eveloped by théGreat Lakes Assessment avidpping (GLEAM)
project in 201Zor all of the Great Lakd&SLEAM 201 Allan et al. 2013) TheGreat Lakes Stress Index
is based on 34 stressors in seven categories:
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Overall Viability Assessment of Lake Superior

Based orthe health of the seven biodiversity conservation targets, the overall viability assessment for
Leke{ dzLJS NRA 2 NJ A & )@ fAe2lakeis in adstate of heblth that & within the natural range of
variation, but some management intervention may be required for some elements.

tKS 2yte o0A2RAGSNBAGE (I NBS I tesheds RhisitargétFallshéidv NI y {1 A Y
the CAP threshold for good because several of the indicators are ranked, axfading the status of

some migratory fishes such hake Sturgearand the lack of aquatic habitat connectivitfhe

nearshore zone anckefs and embayments and inshore biodiversity targeere both assessed as

GA22REX o0dzi FNB ySIFENI GKS GKNBakK2fR FT2NJ Tl AN ¢ KA
species, and a large number of landscape drivers and pressures.

Table2.3 Summary of Biodiversity Conservation Targets

Biodiversity Conservation Targets | Overall Viability

Deepwater and Offshore Waters | GOOD

Nearshore Zone and Reefs GOOD (near FAIR)

Embayments and Inshore GOOD (near FAIR)

Coastal Wetlands GOOD

Islands GOOD

Coastal Terrestrial Habitats GOOD

Tributaries and Watersheds FAIR

Very Good | Ecologically desirable status; requires little intervention for maintenance

Good Within acceptable range of variatiomay require some interventidor maintenance

Fair Outside of theange of acceptable variation and requires manageméhtinchecked, the
biodiversity target may be vulnerable to serious degradation.

! Allowing the biodiversity target to remain in this condition for an extended period will make

restoration or preventing extirpation practically impossible.

The following section provides detail on each of the biodiversity tar¢fetsndicatorsused to assess
them, and their viability assessments.
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Lake SuperioBiodiversity Conservatiomarget
2.1 Deepwater and Offshore Waters

Descriptionand Distribution

Thisbiodiversitytarget includes theffshore waters of
Lake Superior that are >80 in depth and includes both
benthic and pelagi¢bottom and open waterhabitats.
Approximately 7% of Lake Superids characterized by
these deep, cold water@-igure2.2). Thedeepest areas
occur in the central portion of the lake and along the co
in the western basin.

The offshorewvatersof Lake Superior provides habitat for
_number of_ native fishesand the o_ffshc_)re fish c_ommgnlty Lake Trougire an important species for the
is predominately made up of native fish species|uding | commercial and recreational fishery in Lake
siscowetLake TroutSalvelinus namaycush sisco)y€lisco| Superior. A study by Minnesota Sea Grant
(Coregonus artefliDeepwater SculpiiMyoxocephalus found that recreational fishing in Lake Superi

thompsoni), Kiyi(Coregonus kiyand Burbot(Lota lotg), has an estimated economic impact of $1267
as well aBloater(Coregonus hoyiandShortjaw Cisco 17.54\ annually for that state alone.
(Coregonus ZGﬂithiC)J@tOCkwe” et al. 2010b) Image http://samcook.areavoices.com/samcook/images

Lake Trouare the top predator in this deepwater ecosysteamd nearly all of Lake Supmrprovides
important habitat Lake Troutvere historically adapted ta wide range of depthis Lake Superior
Siscowet Lake Trout were historically common throughout the offshore waters, WhitgerLake
Troutare present on offshore shoals or banks surrounded by deepwater haRiaent work by Muir et
al. (2014) has demonstrated quantitative evidence of &6tNJ [ {1 S ¢ NR dzi Y2 NLIK>Z (KS
waters off Isle Royaldn typical offshore fish communitiedeepwater ciscoe&iyiand Bloatei and
deepwatersculpinwere the mainprey of these deepwatetake TroufHorns et al. 2003)The offshore
fish community is supported bMysisshrimp. Mysis exhibidiurnal vertical migratia to find
zooplankton and avoid predatiorDeepwaterciscoes trackhe Mysis and are in turn followed blyake
Trout In this way, energy and nutrients amansferred vertically between the benthic and pelagic
zonesof this ecosystenfGomanet al.2012a).

Deepwaterciscoes andlake Trouteprodue and grow slowly, but represeatlarge amount of the

energy and biomasds thisecosystem(Horns et al. 2008 For severafish species, including deepwater
Lake Trouforms, ciscoes and sculpins, this offshore habitat encompasses nearly their entire spawning
and fealing habitat For some offshore fish specidkeir life cycle and habitats remalargelyunknown
(Horns et al. 2003).

NestedSpecies and Habitafargets

Bloater Kiyi
Burbot Shortjaw Cisco
Cisco phytoplankton and zooplankton

benthic invertebrates
forage fishes

Siscowet.ake Trout
HumperLake Trout
Deepwater Sculpin

—a —a —a —a —a _a
—m —a = _a _a
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Viability Assessment

The overall health of the deepwater and offshorsystem igi 3 2 2TRig assessment &arting to
approachthe threshold fordfaire and there are several indicators that are fair or even peee Tald

2.5). The viability assessmerst driven by the good health dke Trouand lower food chain species
(e.g.,Diporeia, Mysis, phytoplankton)ndicators of greatest concern include decreasing ice cover and
rising air and water temperatures, and toxic chemieeéféch could impact this ecosysterA high level

of confidence was assigned to the viability assessment because most indicators are currently available
Regional variability is ranked as lower since the offshore ecosystem is highly connected.

Table 2.40verall Viability Assessment of Deepwater and Offshore Waters

OVERALL VIABILITY ASSESSMENT GOOD (33
CONFIDENCE HIGHER
REGIONAL VARIABILITY LOWER
Number of Indicators/ Total Score 17/75
Number of Lake Superior Indicators Used 1

Number of Weightedndicators(x2) 7

Number of Weighted Indicator0.5) 0

Number of Potential SOLEC Indicators in Developn 3

Of all theaquatichabitat zones in Lake Superior, the offshore zbae been reported athe least
impacted (Gorman et al. 2010b), although it has been altered by human actiities the time of

early European settlement to the 1960sagevater fishes were in declinith the 1960sdescribed as
GKS G LISNA 2R INF RYWKRRYdzY 6RZIAICammBraial fisting dfaka TrautLake
Sturgeon Cisco Lake Whitefisi{Coregonus clupeaforn)iand deepwater ciscoes caused some of these
species to become rare (Horns et al. 200Bhe introduction of nomative species also affected
offshore fish distributions and food webSea LampregPetromyzon maringsad a significant impact
on Lake Troupopulations Rainbow SmelfOsmerus mordgxcolonized Lake Superior, and by the 1950s
they had largely replace@iscoand whitefishas the major prey item fdcake Trout The smelt remained
in nearshore areas, as opposed to the more widiegingCiscg and as a result offshore predators lost a
significant portion of their prey and chang#étkir behaviour and distribution (Horns et al. 2003).

The fish community in Lake Superior has recovered in the last few decadeshamdcisser to the
preferred community with the recovery of.ake Troutind ciscoesAn offshore fish community with
Lake Troutas the dominant top predator is identified FishCommunity Objectives for Lake Superior
and thedeepwater and offshore zone likely contains enough ftjghlity habitat to meet theefish
community objectives iSea Lampregan continue to be cdrolled (Horns et al. 2003).

This habitazonehas received less attention than some other zones, largely due to the fact that a
relatively small amount of data was available until recently (Stockwell et al. 2010a).
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Table 25: Ecosystem Indicatorfor the Health ofDeepwater and Offshore Waters
SOLEC Status and Trends for Lake Superior Indicators

Indicator (Weighting)

Lake Superior
Status and Trend

Atmospheric Depositiofx1)

Faif Improving (forpolycyclic aromatic hydrocarbofiBAH§,
organochlorine pesticides, dioxins and furans) / Unchanging or slightly
improving (forpolychlorinated biphenylfPCBEand mercury)

Overall assessment only

Benthos (Freshwater Oligochaete) Diversit

Good Unchanging

and Abundancéx?)
Contaminants itwhole fish(x1) Faiv Deteriorating
Diporeia(x2) Good Unchanging

Fish Habitafx1)

Ice Duration(x1)

Lake Troufx2)

To be developed faBOLEC 2016

See2006 LaMP report

This indicator is being developed with the support of Geat Lakes
Basin Fish Habitat Partnership

Good Improving

Land Cove¢x1)

Good In preparation
Land cover in the Lake Superior basin is dominated by natural cover

Major lons(x1)

To be developed faBOLEC 2016

Mysis Densityx2)

Good
Lake Superior indicator (see Appendix B)

Nutrients in Lakefx1)

Good Unchanging

Phytoplankton(x2)

Good Unchanging

Preyfish Population&?2)

Fair/ Improving

Sea Lampregx1)

Fair Improving

Sediment Coastal Nourishmefx1)

To be developed faBOLEC 2016

Surface Water Temperatuigl)

Fair Undetermined
Increasing

Toxic Chemicals in Offshoféaters(x1)

Faiv¥ Undetermined

Water Chemistry(x1)

Specific Conductanckacreasing
Total ChlorideNo Change

pH: No Change

Total Alkalinity No Change
Turbidity. Increasing

Water Clarity(x1)

Good Undetermined Mostly improving

Zooplankton Biomagsx2)

Good Unchanging

Viabilty Rankings of SOLEC Indicators

Very Good

Ecologically desirable status; requires little intervention for maintenance

Good

Within acceptable range of variatiomay require somaterventionfor maintenance

Fair Outside of theange of acceptable variation and requires managemdhtinchecked, the biodiversity target may be
vulnerable to serious degradation.

-I Allowing the biodiversity target to remain in this condition for an extended period will reat@ation or preventing

extirpation practically impossible.
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Figure 2.2 Deepwater and Offshore WatersBlue shades depict regions of Lake Superior with water
depthsgreater than 80 ratres. Greyshadedepictsregions of Lake Superior wikkss tharB0 metresof
water depth.
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Lake SuperioBiodiversity Conservation Target
2.2 Nearshore Zone and Reefs

Description and Distribution

The nearshore zone is defined bwater depth of 150
80 metresincluding the lakebed and water columReefs
may have moe shallow waters (See Figure 2.3

Nearshore habitat is most extensive at the east and we
ends of Lake Superidcgke Superior Binational Program
[LSBP2000). The waters surrounding islandsich as Isle
Royaleand Michipicoten Island, are anothienportant
location ofnearshore habitat.Areas of shallow waten
the offshore also providaearshore habitat includinthe | The Pygmy WhitefistiProsopium coultesjii
SuperiorShoal and the Caribou Island Reef Complex (L| occurs imorthwesternNorth Americaand
2000). The neashore zme accounts for approximately | SiPeriawith auniquedisjunct population in
16: 2F [} ] S { dards. NJ\IZQ\II{ 3dzLadxN Lake Supenor?l’hls_flsh _rea_ches a size of only,
sport and commercial fisheries are located in the 16 cmandoccursprimarily in nearshore waters

at depths 0fl8-89 m in Lake Superior
nearshore zone (Horns et al. 2003). (Natu'?eServe 2013 P

Image:http://www.seattle.gov/util/Environment
Conservation/

Though much smaller than the offshore zone, nearshore watergseaggmportant. These warmer
waters have a greater diversity of substrate types, and aquatic vegetation is only found in neanstiore
inshorehabitats (LSBP 2000y he nearshoreone ishighly productive andupporis waterfowl staging
andfeeding areasMost of the fislkesin Lake Superior use the nearshore zone during some péanea

life cycle (LSBP 2000), includasgritical spawninghabitat for leanLake Tout, Cisco andLake
Whitefish(Horns et al. 2003)Figure 2.4) LeanLake Trouand siscowet.ake Trouare the dominant
predators in the nearshore community, as well as in shallow offshore reefs (Horns et al. Re@ant
evidence of aotherLake Trolih Y2 N1LJK X GKS GNBRTAYE Ay GKS g+ G§SNA
Muir et al. (2014).The extent of redfin Lake Trout distribution in Lake Superior has yet to be
determined. Some of the fish species thate found innearshore habitats may alspend some of their
life in tributaries(e.g.,Lake SturgeoandWalleyd (Horns et al. 2003).

Nested Species and Habitat Targets

1 Walleye 1 Pygmy Whitefish

1 Lake Sturgeon 1 Slimy SculpifCottus cognatus

1 Brook Trout(Salvelinus fontinal)s 1 Deepwater Sulpin

1 Siscowetlake Trout 1 Longnose Sucké€atostomusatostomu$
1 HumperLake Trout 1 White SuckefCatostomus commersojii
1 LeanLakeTrout 1 Shorebirds

1 Burbot 1 Waterfowl

1 Cisco 1 Benthic macroinvertebrates

1 Lake Whitefish 1 Native mussels

1 Round WhitefisiProsopium cylindraceum 1 Forage fishes

1 Ninespine SticklebadqPungitius pungitius 1 Spawning habitat for deepwater fishés.g.,
1 Trout-perch(Percopsis omiscomayqus deepwater ciscoes and sculpins)
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Viability Assessment

The overalhealth of the nearshore and reef ecosystem is "good", although this assessment is
approaching the threshold for "fair" and there are several indicators énatfair and poor (see Table

2.7). The viability assessmers driven by the good health ébkeTroutand lower food chain species
(e.g.,Diporeia, Mysis, phytoplankton), and the adjacent coastal areas and watersheds. Indicators of
greatest concern include decreasing ice cover and aquatic invasive species which could impact this
ecosystem.Both thelevel of confidence and regional variability were assigned a medium category.
Approximately 50% of the indicators are not currently available, and there will be some variation in the
conditions between nearshore areas.

Table 2.6: Overall ViabilitAssessment of Nearshore Zone and Reefs

OVERALL VIABILITY ASSESSMENT GOOD (30
CONFIDENCE MEDIUM
REGIONAL VARIABILITY MEDIUM
Number of Indicators/ Total Score 27/103.25
Number of Lake Superior Indicators Used 1

Number of Weighted Indicatorx2) 9

Number of Weighted Indicator0.5) 3

Number of Potential SOLEC Indicators in Developn| 12

Although generally in good health, the nearshore zone of Lake Supegiemasallyimpactedmorethan

the offshore zone, athe proximity tothe shore and tchuman populations increasg¢he number of
stressors.Rainbow Smelbecame abundant in Lake Superior from the 1930s through the 1950s, and
became the main component of the nearshore prey community until a significant decline took place in
the early 1980s (Horns et al. 2003)hey remain a large portion of the nearshooed web, despite

lower numbers.

Many neashore fish species have been impacted by a decrease itahghality. Brook Trout
(Salvelinus fontinaljsvere easily caught by sport anglers in nearshore waters, and this contributed to
their early and rapid ddine (Horns et al. 200Blewman et al. 2003 LeanLake Troutvere nearly

wiped out by the combination of fishing and the aquatic invaSiga LampregHorns et al. 2003).
Nearshore populations dfake SturgeaiWalleyeandBrook Troutremain lower tharistorical levels
(Gorman et al. 2010b, Horns et al. 200Bjowever,in some areas progress towards theshabilitation
isunderway For exampleLake Sturgeoabundance may bincreasingn some areaalong the south
shore of Lake Superidd( Caroffio, pers. comm.March 20 2013Gorman et al. 2010b).

In thenearshore zone there is probably faient habitat to achievéakewidefishcommunityobjectives;
howeverin someregionsthe remainingsuitable habitat is not sufficiehtHorns et al. 2003)Protection
and rehabilitation of the nearshore zone is recognized as an important objective for protecting the
diversity offish species ihake Superior (Horns et al. 2003).

® See embayments target
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Table 27: Ecosystem Indicatorfor the Health of Nearshore Zone and Reef
SOLEC Status and Trends for Lake Superior Indicators

Indicator (Weighting)

Aquatic NoANative Speciefx1)

Atmospheric Depositio(x1)

Lake Superior
Status and Trend

Faiv Improving (for PAHs, organochlorine pesticides, dioxinsfarahs) /
Unchanging or slightly improving (for PCBs and mercury)
Overall assessment only

Bacterial Loadings from Tributaries

To be developed faBOLEC 2016

Bald Eagleé<2)

To be developed foBOLEC 2016

Benthos (Freshwater Oligochaete)
Diversity andAbundancgx2)

Good Unchanging

Botulism Outbreak$x0.5)

Undetermined No Change

Contaminants in Waterbird1)

Good Improving

Contaminants in Whole fisfx1)

Fair Deteriorating

Contamination in Sedimerfk1)

Good Unchanging

Diporeia(x2)

Good Unchanging

Dreissenid Musselx1)

Good Unchanging

Endocrine Disruptiox0.5)

To be developed foBOLEC 2016

Fish Consumption Restrictio(€.5)

Faiv Undetermined

Fish Disease Occurrend@d.5)

To be developed faBOLEC 2016

Fish Habita(x1)

To be developed faBOLEC 2016

See2006 LaMP report

This indicator is being developed with the support of @eat Lakes Basin Fish
Habitat Partnership

Forest Covefx1)

Component 1: Percent of forested lands within a watershed
Good Improving

Component2: Percent of forested lands within riparian zones
Good TDB

Groundwater Qualityx1)

To be developed foBOLEC 2016

Harmful Algal Bloom&O0.5)

Ice Duration(x1)

Industrial Loadingéx1)

Good Undetermined

To be developed foBOLEC 2016

Lake Sturgeo(x?2)

Faiv Improving

Lake Troutx2)

Good Improving

LandCover(x1)

Good In preparation
Land cover in the Lake Superior basin is dominated by natural cover

Major lons(x1)

To be developed foBOLEC 2016

Municipal Wastewater Loadings1)

To be developed foBOLEC 2016

Mysis Densityx2)

Good
Lake Superiondicator (see Appendix B)

Nutrients in Lakefx1)

Good Unchanging

Phytoplankton(x2)

Good Unchanging

Precipitation Eventéx1)

Undetermined Increasing
Overall assessment only.

Preyfish Populationé2)

Fair/ Improving

Sediment Coastal Nourishmefx1)

To be developed foBOLEC 2016

Surface Water Temperatuigl)

Undetermined Increasing

Threatened Specigg2)

To be developed foBOLEC 2016

Tributary Flashinegx1)

St. Louis River (Lake Superior Basin)
Good Improving

Walleye(x2)

Faiv Undetermined
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Indicator (Weighting) Lake Superior
Status and Trend
Water Chemistryx1) Specific Conductanckacreasing

Total ChlorideNo Change
pH: No Change

Total Alkalinity No Change
Turbidity:Increasing

Water Clarity (x1) GoodMUndetermined Mostly improving

Watershed Stressor Indégx1) Fair
In preparationg status of fair assigned based on average basde index of
63/100

Zooplankton Biomagx?2) Good Unchanging

Viability Rankings of SOLEC Indicators

Very Good | Ecologically desirable status; requires little intervention for maintenance

Good Within acceptable range of variatiomay require someterventionfor maintenance

Fair Outside of theange of acceptable variation and requires managemdhtinchecked, the biodiversity target may be
vulnerable to serious degradation.

Allowing the biodiversity target to remain in this condition for an extended period will make restoration or preventing
extirpation practically impossible.

25



Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Figure 2.3 Nearshore Zone and Reef8lue shades depict regions of Lake Supesfdhe nearshore
zone,with water depths of 15 t@0 metres. Several reef locations are also identified.

BIODIVERSITY TARGET Data Projection:

North America Lambert Conformal Conic, NADS3
Nearshore Zone and Reefs
Data Sources:
United States Geological Survey 2013
ada - Centre for

Information 2012
deand
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10 Number

National Geophysical Data Center 2002
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Figure 2.4Lake Troutand LakeWhitefish Spawning AreasShaded areas denote current and historic
spawning areas for these fisheShe point data generally reflect more accurate locations of current
Spawning areas.

BIODIVERSITY TARGET Dota P
Fish Spawning Areas

2 Lambert Conformal Conic, NADS3
urces Research Institute, University of

®  Lake Trout Important Habitat oS HEdnch WstRuie, ey of

Lake Whitefish Important Habitat

32+ Lake Trout Spawning Area

S, T. A.Edsall, D. M. Ormsby Dempsey,
G.D. Moss, and P. E. Polanski 1982

The Nature Conservancy of Canada - Ontario Region

Lake Whitefish Spawning Area 31-May-2013
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Lake SuperioBiodiversity Conservation Target
2.3 Embaymentsand Inshore

Description and Distribution
Embaymentsand the inshore zone occur at
depths of &to 15 metres. Embayments are
connected to Lake Superidout have unige
physical propertiebecause they are partially,
protectedby landfrom some ofthe physical
dynamtsthat occur in Lake Superior.

Inshoreareasand enbaymentsaccount for
approximately 7% of the area of Lake

Superior. Major embaymentsnclude Black
Bay, Nipigon Bay, Thunder BBgtchawana | NipigonBay is locatedlong the nethern coast of Lake

Bay,Keweenaw Bay and Chequamegon Ba Superior.Embayments are warmer and shallower than mo
(LSBP 200@Figure 2.5) | of the lake, andnore susceptible to pollutiorMost of Lake

{ dzLISNRA 2 ND& ! NBFa 2F /2y OSN
Image:http://www.northshorerap.ca/

Embaymensinclude natural bays andarbours, as well as estuaries (Gorman et al. 20G@aman et al.
2010b). Although the combined size afshore areasind anbaymentsis small when compared to the
overall size of Lake Superitiiesehabitats are critical for théishabundance andliversity throughout
Lake Superigsincethese areas provide spawning and nursery habitat for many nearshore and offshore
fish species (Gorman et al. 201@orman et al. @10b). Inshore areas are warmer amdaore productive
and divere than other lake zonesZooplankton concentrations reach their higiéevels in inshore
areas.especially in major embayments (LSBP 208 embayments often have communities of
submerged aquatic plantd=ishcommunitiesfound in embaymentsare very diverse anithclude both
warm-water and coolvater species, including/alleye Smallmouth Bass(Micropterusdolomiey),
Yellow PercliPerca flavescefsRock BasgAmbloplites rupestrjsNorthern Pikg Esox luciys Trout
perch Lake SturgeorBrook Trout Ninespine SticklebacBohnny Darte(Etheostoma nigrufy Emerald
Shiner(Notropis atherinoides Longnose DacgRhinichthys cataractgeSand ShinefNotropis
stramineus, Black BullheagAmeiurus melgs Shorthead Redhors@Moxostoma macrolepiotum) and
Silver RedhorséMoxostoma anisuruin(Horns et al. 2003)Somefish species such as.ongnose Dage
Rock Basand Smallmouth Bassse the inshore habitats for all life stag€sorman et al. 201QWPratt et
al. 2010).Recent reports on the inshore zone indicate tttegse fish communitieare dominated by
stablepopulations of native specid§&Sorman et al. 2010a).

Nested Species and Habitat Targets

1 Walleye 1 White Sucker

1 Lake Sturgeon 1 Shorebirds

1 Brook Trout 1  Waterfowl

1 Burbot 1 Benthic macroinvertebrates

1 Cisco 1 Agquatic plant communities

1 Lake Whigfish 1 Native mussels

T Round Whitefish 1 Forage fishes

1 Ninespine Stickleback 1 Spawning habitat fosomedeepwaterand
1 Pygmy Whitefish nearshorefishes €.g.,Lake Whitefiskand
1 Longnose Sucker Lake Trout
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Viability Assessment

The overall health of the embayment and inshore ecosystaimds2 2akhéugh this assessment is
approaching the threshold faifairé and there are several indicators that &eer or even poor (see

Table 29). The viability assessment is driven by the good healtfaké Trou{spawning habitatand

lower food chain species, and the adjacent coastal areas and watersheds. Indicators of greatest concern
include decreasing iasover and aquatic invasive species which could impact this ecosy3teelevel

of confidence is higher for the overall viability assessment becausdhtings of the indicators are
available.Regional variability is assigned a medium category as tkgegiation in the conditions

between inshore and embayment areas, largely due to adjacent land use.

Table 2.8: Overall Viability Assessment of Embayment and Inshore

OVERALL VIABILITY ASSESSMENT GQOD (3.09
CONFIDENCE HIGHER
REGIONAL VARIABILITY MEDIUM
Number of Indicators/ Total Score 30/106.75
Number of Lake Superior Indicators Used 0

Number of Weighted Indicatorx2) 8

Number of Weighted Indicator0.5) 5

Number of Potential SOLEC Indicators in Developn| 12

Embayments, wetlands aridbutaries have historically been the zones with the greatest habitat
concerns, owing to their closer proximity to human populations and numerous associated stressors
(Horns et al. 20035orman et al. 2010b Many enbayments and the inshore zosbave ben subject

to environmental streses which havenpacted fish communitiese(g.,removal of aquatic vegetation

from Batchawana Bay affectin¢ellow PerchSmallmouth Basand cyprinidsand mercury
contaminationfrom a pulp millin Peninsula Harbaffecting all speciggHorns et al. 2003)In many

bays the loss of coastal wetlankdas negatively affected species suchfatiow Perchwalleyeand

Northern PikgHorns et al. 2003)A number of Areas of Concern (AOCSs) in Lake Superior are located in
embayments(Se Threats section)

Loss ohabitat remains an issue @ambayment areas (Horns et al. 200®).the larger nearshore zone
there is probably suffient habitat to achieve the fisbommunityobjectives;however for the

embayment target thee maynot be sufficient suitable habitat remaining (Horns et al. 200Bhe
embayment habitat of Lake Superior is subject to dredging, break walls, discharges from vessels and
industry, and filling of wetlands (Horns et al. 2003).
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Table 29: Ecosystem Indicatorfor the Health of Embaymerst andinshore
SOLEC Status and Trends for Lake Superior Indicators

Indicator

Aquatic NoANative Speciefxl)

Artificial Coastal Structurgg?)

Lake Superior
Status and Trend

Good/To be developed foBOLEC 2016
Lake Superior has relatively few artificial coastal structures.

Atmospheric Depositiofx1)

Faiv Improving (for PAHs, organochlorine pesticides, dioxins and furans
Unchanging or slightly improving (for PCBs and mercury)
Overall assessment only.

Bacterial Loadings from Tributarieel)

To be developed foBOLEC 2016

Bald Eagleé<2)

To be developed foBOLEC 2016

Beach Advisorie&0.5)

Good U.S.: Unchangin@anada: Deteriorating

Benthos (Freshwater Oligochaetiversity
and Abundancéx?2)

Good Unchanging

Botulism Outbreak$x0.5)

Undetermined No Change

Cladophorgx0.5)

Good Unchanging

Contaminants in Waterbirds1)

Good Improving

Contaminants in Whole fisfx1)

Faiv Deteriorating

Contamination irSediment(x1)

Good Unchanging

Diporeia(x2)

Good Unchanging

Dreissenid Musselx1)

Good Unchanging

Endocrine Disruptio(x0.5)

To be developed faBOLEC 2016

Fish Consumption Restrictio(€.5)

Faiv¥ Undetermined

Fish Disease Occurrend@®.5)

To be developed foBOLEC 2016

Fish Habitafx1)

To be developed foBOLEC 2016

See2006 LaMP report

This indicator is being developed with the support of @Geat Lakes Basin
Fish Habitat Partnership.

Forest Covefx1)

Component 1: Percent of forestdainds within a watershed
Good Improving

Component 2: Percent of forested lands within riparian zones
Good TDB

Forest Disturbancéxl)

To be developed foBOLEC 2016

Groundwater Qualityx1)

To be developed foBOLEC 2016

Hardened Shorelingx1)

Good
UndeterminedUndetermined
Bpm: 2F [ 1S {dzZZSNA2NRa aK2NBEf Ay

Harmful Algal Bloom&O0.5)

Ice Duration(x1)

Industrial Loadingéx1)

Good Undetermined

To be developed faBOLEC 2016

Lake Sturgeo(x?2)

Faiv Improving

Lake Trou{x2)

Good Improving

Land Cove(x1)

Good In preparation
Land cover in the Lake Superior basin is dominated by natural cover.

Major lons(x1)

To be developed foBOLEC 2016

Municipal Wastewater Loadingx1)

To be developed foBOLEC 2016

Nutrients in Lakefx1)

Good Unchanging

Phytoplankton(x2)

Good Unchanging

Precipitation Eventéx1)

Undetermined Increasing
Overall assessment only.

Preyfish Populationé2)

Fair/ Improving

Sediment Coastal Nourishmefxl)

To be developed foBOLEC 2016
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Indicator

Lake Superior
Status and Trend

Surface Water Temperatu@1)

Undetermined Increasing

Threatened

Specigg?2)

To be developed foBOLEC 2016

Tributary Flashinegx1)

St. Louis River (Lake Superior Basin)
Good Improving

Walleye(x2)

Fair Undetermined

Water Chemistry(x1)

Specific Conductanckacreasing
Total ChlorideNo Change

pH: No Change

Total Alkalinity No Change
Turbidity:Increasing

Water Clarity(x1)

Undetermined Mostly improving

Water Levelgx1)

The level of Lake Superibas been below average on an annual basis sin
1998.
TBD

Watershed Stressor Indé€x1)

Fair
In preparationg status of fair assigned based on average basde index
of 63/100

Zooplankton Biomagx?2)

Good Unchanging

Viability Rankings of SOLEB@icators

Very Good | Ecologically desirable status; requires little intervention for maintenance

Good Within acceptable range of variatiomay require someterventionfor maintenance

Fair Outside of theange of acceptable variation and requimanagement If unchecked, the biodiversity target may be
vulnerable to serious degradation.

Allowing the biodiversity target to remain in this condition for an extended period will make restoration or preventing

extirpation practically impossible.
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Figure2.5: Embaymentsand Inshore. Light Bue shading depictsraas of inshore watersvith depths of
0to 15metres. The I&ations ofseveralembayments aralso shown Whitefish BayMI/ON)refers to
the shallow waters along thgouthern coasbf Lake Superior

BIODIVERSITY TARGET
Embayments

@ Embayment Location
Water Depth (m)
Elo-1s
[1s-s0
[ 50-100
B 100- 150
B 150- 200
I 200 - 250
I 250- 300
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-0

Major Embayment State/Prov

BRIBO®NO NS N a0

Saint Louis Bay
Allouez Bay
Chequamegon Bay
KeweenawBay
Isle Royale
Thunder Bay
Black Bay
Otter Cove
Nipigon Bay
Otter Cove
Batchawana Bay
Goulais Bay
Whitefish Bay

Data Projection:
North America Lambert Conformal Conic, NAD83

Data Sources:
United States Geological Survey 2013

Information 2012

National Geophysical Data Center 2002
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31-May-2013
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Thunder Bay

32



Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Lake SuperioBiodiversity Conservation Target
2.4 Coastal Wetlands

Description and Distribution
Coastalvetlandsinclude all wetlandsvithin
approximately2 klometres2 ¥ [ | 1 S { ¢
coast, with an emphasis on wetlanthat have
historic and current hydrologic connectivity to
the lake andwhichare directly influenced by the
lake.

Coastal wetlands are a critical interface betwe¢
the land and the lake, providingk ecological
services such as water purification and habitat
for waterfowl and fishesThere are?6,626

hectaresof coastal wetlands documented from | TheKakagorBad RiveSlougts locatedjust east of
Lake Supericand they occurlong Ashland WI have been described asdBeerglades of the

northé. This 4,000+ ha wetlarisl owned by the Bad Rivs

7 . . Band of the Lake Superior Tribe of Chippewa Indians,
2004)" (Figure 2.6) Mappingand estimatesf was designated as a Ramsar Wetland of International

the extent ofcoastal wetlandss incompletein Significance in 2012.
someareas (Rodriguez drHolmes 2009) Image:www.wisconsinwetlands.org

approximatelyl0%of the coast(Ingram et al.

Coastal wetlands Lake Superior have been found to have relatively unique vegatitpes compared
to the other Great hke wetlandglue to their higher latitude and the physical features of the Ig&kass
et al. 2011).The dominant form of wetlargin Lake Superior is barrier protected (>10,000 @gher
types of coastal wetlands in Lake Superior. @r@wned rivermouth protected embaymst, delta and
openembayment [ngram et al. 2004).

Coastalvetlands provide habitat for many fisamphibian ad reptilespecies at varioulife stages

Many bird species use coastal wetlandisring breeding and migratiof. SBP 200§aFor Lake Superior,
the status and trend for the wetlanamphibiansand wetland birds indicators are currently
undetermined, ashie coverage for these indicators is too sparse for asialfTozer 20118 o0zer 2011b).
Coastal wetlands also provide important ecological services for local commuhiEsgfunctions
includeprotecting shorelines from erosion, storage and cycling d¢fients entering the lake from
tributaries, groundwater recharge and biological productivitg BP 2006&odriguez and Holmes 2009).

Nested Species and Habitat Targets
1 All Coastal Wetland Types

Spawning and larval fish

Amphibians

Breeding and migratoriirds

Invertebrates

=a =4 —a —a

" An additional 10,790 ha of coastal wetlands Ereatedin St. Marys Rivetngram et al. 200¢ approximately 670

K 2F 6KAOK I NB gAGKAY GKS LINR2SO0O | NBI® 2 KAE S y2i
project, those which areaessible to native fish may contribute to the health of Lake Superior by providing
spawning and nursery habitat. Barriers to fish movement in the river, including rapids and the compensating gates,
impact the availability of these wetlands for native figtecies.
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Table 2.10: OveraWViability Assessmenof Coastal Wetlands

OVERALL VIABILITY ASSESSMENT GOOD (3.23
CONFIDENCE LOWER
REGIONAL VARIABILITY MEDIUM
Number of Indicators/ Total Score 10/35.5
Number ofLake Superior Indicators Used 0

Number of Weighted Indicatorx2) 1

Number of Weighted Indicatorx0.5) 0

Number of Potential SOLEC Indicators in Developn| 13

The overall health of coastaletlands isx 3 2 Zs&€Table 20, 2.1). The viability assessment is driven
by the lack of artificial shorelines and structures, lacteokstrialinvasive specie@ncludingwetland

species such &mmonReed[Phragmites australl}and high amount of forest coveMany coastal
wetlands in Lake Superior aaésosubiject to relatively low levels of watershed development (Trebitz et
al. 2011).Indicators that rank lower are increasing water temperatures and lower lake levels, which are
impacting the area of wetlandsA lower level of confidence was assigned to this target because of the
large number of indicators that are still under developmeatcategory of medium was assigned for the
regional variability because regional differences in the condition of coastémg=s have been
documented;however, some indicators such as lake levels and water temperatures likely impact all
coastal wetlands Goastal wetland plant communities in Lake Superior are generally rankigbaik
condition, howeverthere exists degradatin around major areas (Albert and Sass 201¥¢tlands are

one of the more impacted zones of Lake Superior, especially in areas near cities (Gorman et al. 2010b).

Aranking of 19 _ake Superiotoastal wetlandsising a water quality index calculatedngpil2 water
guality parameterded to an overall classification afjooc (Seilheimer and ChoWraser 2007, p. 159
Individually, thewetlands ranked from moderately degraded (the lowest rankjivgn to a Lake
Superior wetlanjito excellent (the highesankinggiven to aLake Superiowetland,andthe highest
possible ranking None of the 15 Lake Superior coastal wetlaradgkedwere classified as highly
degraded or verglegradedusing this water quality indefSeilheimer and Chowraser 2007).

Many of the factors related to coastal wetlands are inextricably linkesatershedstributaries,
embayments and the inshore zon&he many stressors which contribute to the loss and degradation of
wetlands include shoreline modification, invasive specadjacent land usand excessive sediment

and nutrient flow from watersheds (Ingram et al. 200Additionally, coastal wetland habitat is

expected to be lost as a result of climate change (Gorman et al. 20H@a)thy, densely vegetated
coastal welands in western Lake Superior were found to provide native fishes with a refuge from
competition with the nornative Ruffe (Gymnocephalus ceraj(Brazner et al. 1998 as cit@d Sass et

al. 2011), andlegradation of coastal wetlands could all®uffeto increase in that region (Sass et al.
2011).

A number of initiatives to monitor, protect and restore coastal wetland halgixéét These include the
protectionand restorationof over5,000 acres ofoastal and iland wetland communities in Wisconsin
through the Lake Superior Coastal Wetland Initiati@ther initiatives includéhe development of a

long-term monitoring program for coastal wetlands by the Great Lakes Coastal Wetland Consortium and
the Great Lakes Environmental Indicat¢(®t Elyesearchproject, which developed indicators for

ecological condition and causes of degradation for coastal and wetland habitat of Lake Superior
(Gorman et al. 201QlGreat Lakes Coastal Wetlands Consortium 2008).
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Table 211: Ecosystem Indicatorior the Healthof Coastal Wetlands
SOLEC Status and Trends for Lake Superior Indicators

Indicator

Lake Superior
Status and Trend

Artificial Coastal Structurggl)

Good/To be developed foBOLEC 2016
Lake Superior has relatively few artificial coastal structures.

Coastal Stress Indé¢xl)

Good
Developed for this report

Coastal Wetland Amphibiaris2)

Undetermined Undetermined

Coastal Wetland Bird Communities
(x2)

Undetermined Undetermined

Coastal Wetland Fish Communiti@®)

Not assessddUndetermined

Coastal Wetland Invertebrat€s2)

Not assessed
Undetermined

Coastal Wetland Landscape Extent a|
Composition(x1)

To be developed faBOLEC 2016

Coastal Wetland Plan{g2)

Mixed/ Undetermined

Fish Habitafx1)

To be developed foBOLEC 2016

See2006 LaMP repor{LSBP 2006a)

This indicator is being developed with the support of Great Lakes Basin Fish
Habitat Partnership.

Forest Covefx1)

Component 1: Percent of forested lands within a watershed
Good Improving

Component 2: Percent of forestéands within riparian zones
Good TDB

Groundwater Qualityx1)

To be developed faBOLEC 2016

Hardened Shorelingx1)

Good
UndeterminedUndetermined
BopkE: 2F [ 1S {dzZLlISNA2NRE aAK2NBfAySa

Land Covefx1)

Good In preparation
Land cover in théake Superior basin is dominated by natural cover.

Surface Water Temperaturgl)

Undetermined Increasing

Terrestrial NorNative Specieé1)

Good

UndeterminedUndetermined

Lake Superior coastal areas have relatively few invasive plants, incColingion
Reed.

Threatened Specigg?2)

To be developed foBOLEC 2016

Tributary Flashinegx1)

St. Louis River (Lake Superior Basin)
Good Improving

Water Levelgx1)

The level of Lake Superior has been below average on an annual basis since
TBD

Watershed Stressor Indgx1)

Fair
In preparationg status of fair assigned based on average baside index of
63/100

Viability Rankings of SOLEC Indicators

Very Good | Ecologically desirable status; requires little intervention for maintenance

Good Within acceptable range of variatiomay require somaterventionfor maintenance

Fair Outside of theange of acceptable variation and requires managemdéhtinchecked, the biodiversity target may be
vulnerable to serious degradation.

Allowingthe biodiversity target to remain in this condition for an extended period will make restoration or preventing
extirpation practically impossible.
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Figure 2.6 Coastal Wetlands Purple shadinglepicts coastal wetland®f Lake Superidhat intersect
the shore Pink shading depicts coastal wetlands withikil@metresof the shore, and green shading
depicts coastal wetlands greater tharkibmetresfrom the shore.

BIODIVERSITY TARGET ort e et Conforml Conic, NADES
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I Coastal Wetland
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Data Sources:

Ontario Ministry of Natural Resources 2012

Michigan Department of Technology. Managem
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Albert, DA, J. Ingram, T. Thompson, and D. Wilcox 2004
2003

Wisconsin Department of Natural Resources 1998
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Lake SuperioBiodiversity Conservation Target
2.51slands

Description and Distribution
Islandsincludeall land masses within Lake
Superiorthat are surrounded ¥ water,
including both natural and artificial islands.

There are2,591documented islands from Lakg
Superior(Figure 2.ywith a total coastline of
over 2,400 Kometres. Mostislandsare less
than onehectare The three largest islands
(Isle Royale, St. Ignats#and,and Michipicoten
Island)comprise more than half the total islani
area (LSBB006a;Henson et al. 2010)_ake
Superior has many of the largest and most

isolated islands on the Great Lakeseveral Caribou Islandocated in the eastern part of Lake Superig
of‘f.sholre Islands.iuppoﬂnlque plant and is the most isolated freshwater isld in the world In some
animai communities. early maps it isabeledd L afthéD 2t RSy { I y R

Along the northern shore of Lake Superior the Precambrian islands are largely composed of basalt and
granite, while the islands along the southern shore are Precambrian and Cambrian sandstones (Henson
et al. 2010).Shifting slands of unconsolidatesedimens also formin Lake Supericas the result of

cobbles accumulating on reefs (Henson et al. 208@9me Lake Superi@lands provide unique

opportunities to study population and predatg@rey dynamics, such as tiiay Wolf (Canis lupusand
Moose(Alcesamericanu}studythat has been ongoing on Isle Rayaince 1958and the population

crashes oWoodland Caribothat have occurred on some northern islands

The islands of Lake Superior provide habitats which are distinct from mainland_S&8 200§and

contribute to basinwide biodiversityarticularly for colonial nesting waterbirds (Figure 2Bje

numbers and composition of some waterbird colonies have been changing due to increasing numbers of
some gulls, which may be linked to changes inl lage. Populatiomof some waterbird colonies have

also been decreasing due to recovand increased predation Bald Eagles(Haliaeetus

leucocephalus ManyLake Superior islandse also important sites fdish spawning and nursery areas,
arctic andalpine disjurets, neotropical migrant songbirds and endemic plants, among other features
(Cuthbertet al. 2008).Over 60 islands and island complexes have been identifisdyagicant sitegor
biodiversity coservationincludingPie Island, St. Ignat¢gland, lle Parisienne, Patterson Islamdl Isle
Royaleg(Henson et al. 201{Figure 2.9).

Nested Species and Habitat Targets

1 Migratory birds andstopover habitat 1 Herring Gul(Larus argentatups

M  Colonial nesting waterbirds 1 Common Teri§Sterna hirundd

1 Arcticalpine disjunct communitieand plants 1  Caspian Ter(Hydroprogne casp)a

1 Landbirds (songbirds and raptors)  American WhitePelican

Shorebirds 1 Unique plant and animal communities.g§.,

1 Waterfowl populations ofBeaver Castor canadensisind
1  Aerial migrants€.g.,migratory insectsbatg Woodland Cariboin predatorfree

1 Ringbilled Gull (Larus delawarensjs environments)
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Table 2.12: OveraWiability Assessmenof Islands

OVERALL VIABILITY ASSESSMENT GO (3.5
CONFIDENCE HIGHER
REGIONAL VARIABILITY MEDIUM
Number of Indicators/ Total Score 8/28
Number of Lake Superior Indicators Used 1

Number of Weighted Indicatorx2) 1

Number of Weighted Indicatorx0.5) 0

Number of Potential SOLEC IndicatorBé@velopment| 1

The overall health of islandsds3 2 #s&€Table 22, 2.13. This is consiste with Henson et al(2010)

who report that mostLake Superioislands are in natural cover and have few threafhanges in ice

cover and rising air temperatures could be impacting sistadspecies and habitatsA higherlevel of
confidence was aggned to this target While there are only a few SOLEC indicators, the report by
Henson et al. (2010) ranked the abition of every island and island complex in Lake Superior and
reported overall good condition. Regional variability is ranked as medium. While the overall health of
islands is goodsome islands are known to be more developed.

alye 27F [ | isl&ds{didzhdSheve anybrdsdocumented in the assessment by Henson et
al. (2010)including most of the islarghlong the north shore. Threats that were documented included
limited buildings for recreation (i.ecottages, hunting and fishing cabires)d lighthousesMadeline
Island (part of the Apostle Islantigtional Lakesho)eand Barketslandand Hog Island (near Duluth)
are the most developed islands in Lake Superior.

{SGSNIt 2F GKS I NBHS Aafl y Rdteded 8 yafioug parksdnd{ dzLIJS NA 2 NI
protected areadesignations.These includéslands within the Lake Superior National Marine

Conservation Area, Isle Royale National Pdikhipicoten Island Provincial Padate Islands Provincial

Park and Sleeping GiaRtovincial Park (Henson et al. 20INe Apostle Islands National Lakeshore

protects 21 islands along the south shore of Lake Superior (National Parks Service 2013).
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Table 213: Ecosystem Indicatorior the Health oflslands

Indicator Lake Superior
Satus and Trend
Air Temperaturéx1) Faiv¥ Undetermined

Increasing
Overall assessment only.

Artificial Coastal Structurggl)

Good/To be developed foBOLEC 2016
Lake Superior has relatively few artificial coastal structures.

Contaminants irWaterbirds(x1)

Good Improving

Hardened Shorelingx1)

Ice Duration(x1)

IslandConditionClasgx2)

Good

UndeterminedUndetermined

Bmz 2F [F1S {daISNAR2NNRa aK2NBfAySa

Good

Land Covefx1)

Good In preparation
Land cover in the Lake Superior basin is dominated by natural cover.

TerrestrialNon-Native Specieé1)

Good

UndeterminedUndetermined

Lake Superior coastal areas have relatively few invasive plants, including Com
Reed.

Threatened Specigg2)

To be developed faBOLEC 2016

Viability Rankings of SOLEC Indicators

Very Good | Ecologically desirable status; requires little intervention for maintenance

Good Within acceptable range of variatiomay require somaterventionfor maintenance

Fair Outside of theange of acceptable variation and requires manageméiinchecked, the biodiversity target may be
vulnerable to serious degradation.

Allowing the biodiversity target to remain in this condition for an extended period will make restoration or preventing
extirpation practically impossible.
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Figure 2.7 ake Superiofslands. The orange shading depicts islands and island complexes from Lake
Superior (from Henson et al. 2010).

BIODIVERSITY TARGET Data Projection:

Islands North America Lambert Conformal Conic, NADS3
Data Sources:

I Lake Superior Island Henson, B.L. Kraus, D. McMurtry, M, Ewert, D. 2010

anada.

31-May-2013
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Figure 2.8 Colonial Nesting WaterbirdsThe yellow dots deict colonialwaterbird nesingsites. Data
from Enwronment Canada and Linda Wir@dniversity of Minnesota)

BIODIVERSITY TARGET Data Projection:
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Figure 2.9 Islandswith Higher Biodiversity ValuesThe red shading depicts priority island&he orange

shading depicts other islands (from Henson et al. 20P0iprity islands are thosslands or island

complexes identified through an ecologicéigsed analysis as the highest priority for conservation
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Lake SuperioBiodiversity Conservation Target
2.6 Caastal Terrestrial Habitats

Description and Distribution

Coastal terrestrial habitats exteritbm

the shoreline ugo 2 klometresinland or
to the extentof the delineated Great Lakeg
coastal communities.

[ F1S { dz2LISNA 2 NDna Oz
rocky shores and cliffs (50%) with cobble
beaches (14%) and sand belaes (10%)
(Figure 2.10)Coastal terrestrial habitats
also include sand dunes, raised cobble
beaches and coastal forest$he vast size

Lake Superidmas a wide variety of coastal types including this

- ! ) sand beach and shoreline cliff at Lake Superior Provincial Pa
of Lake Superior createsngicroclimate, | ontario. This habitat diversity is reflected in theldlife of the

directly influencing thénabitats and region The southern andorthwestern shores of Lake Superio
speciedound within thiscoastalarea have some of the highest species richness in North America
(Horrset al. 2003) breeding birdsl(SBP 2006§a

Image: Courtesy Ethan Mg, with permission.

The coastal band of Lake Superior inclugledallyrare ecosystemalong with endemic and disjunct
species, which contribute to the high regional species diversity (Kraus and White 2008)e species
andhabitatsfound in the coastal terrestrial environment include aretipine disjuncts and coastal
forests. Goastalforests are influenced by their proximity to the cold waterenstant windsandother
micro-climatefactorsof the lake. Some communities includg@ (i dzy Gt SR & | NHzY K2t G 1 ¢
with a high abundance of mosses and lichefikesecoastalforestssupport migrating angbirds and a
coastal herd o¥Woodland CaribouA summary of documented coastalrestrial species and habitats is
provided in AppendiC.

Relatively large numbers of migrary birds follow the eastern and western shorsring migraion.
Migratory raptors prefer to migrate around Lake Superior as opposed to over water, and tend to
concentrate in coastal areak$BP 200§aThe Keweenaw Peninkis especially favoured by migrating
species.On thesouthshore nine sites have beeidentified as potential Important Bird Areas, many for
their migration staging and stopover characteristicSBP 200§#&Figure 2.113)but almost any coastal
areas likely providéigh quality stopover habitat(Figure 2.1l). It is believed that large numbers of
migratory bats use theoastas a migratory route, but migratory movements of bats are poorly
understood in tle Lake Superior region (Kruger deterson 2008).

Nested Species and Habitat Targets

f Sand leaches and durse T | 2dzAK Goﬁjg’nmd 1 Wideranging mammals

1 Cobble beaches (Oligoneuron houghtor)ii (e.g.,Lynx Lynx

1 Shoreline cliffs 1  DuneThistle (Cirsium canadensih

1 Rocky shores pitcheri Endemic coastal insects

1 Bluffs 1 PipingPlover (Charadrius and migratory insects

1  Arcticalpine disjunct melodug 1 Landbirds (songbirds and
species 1  Peregrine Falco(falco raptors)

1 Coastal forests peregrinu$ 1  Shorebirdswaterfow!

1 Lake Hurormansy 1 Bald Eagle and waterbirds
(Tanacetum bipinnatum 1 Woodland Caribou 1 Migratory bats

43

T2 NB



Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Table 2.14: OveraWiability Assessmenof Coastal Terrestrial Habitats

OVERALL VIABILITY ASSESSMENT GOOD (3.21
CONFIDENCE MEDIUM
REGIONAL VARIABILITY HIGHER
Number of Indicators/ Total Score 7/22.5
Number of Lake Superior Indicators Used 0

Number of Weighted Indicatorx2) 0

Number of Weighted Indicatorx0.5) 0

Number of Potential SOLEC Indicators in Developn| 5

The overall viability for the Coastal Terrestrial Haisitarget isankedasd 3 2 2s&éTable 24, 2.15.

All the indicators are rankedsgood exceptfor air temperaure. Amediumlevel of confidace was

assigned to this target. While many SOLEC indicators are not available, the Coastal Stress Index analysis
completed fa this projectindicates thatcoastal conditioris good in most regions of the lakRegional

variability is ranked as higher. While the overall health of the coastal terrestrial target is good, the

Coastal Stress Index analysis illustrates thate ae regions that are more impacteduch as the

coastal areas of Thunder Bay and Duluflhe coastal areas of Isle Raydlack Bay Peninsuyla

Michipicoten Islanénd Pukaskwa National Pakeaare the least disturbed coastal areas in Lake

Superior andprobably represent the last remainingse wilderness coastsn the Great Lakes.
Approximatey268: 2F [ 1S { dzLISNA2NXRa O21Fad Aa LINRGISOGSR:
habitat types For example, high qualityccurrences of the Great Lakiesested dunes, barrens and

swales vegetation communities are protected in Apostle IslandoNatiLakeshoreEffective

management plans are needed to help identify and mitigate threats to coastal terrestrial habitats in
protected areas (Kraus and Wh2e09).
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Table 215: Ecosystem Indicatorfor the Health of Coastal Terrestrial Habitats

Indicator Lake Superior
Status and Trend

Air Temperaturex1) Fair Undetermined
Increasing
Overall assessment only.

Artificial Coastal Structurégl)

Bald Eagle§2)
Coastal Stress Indéx1)

Forest Covefx1)

Forest Disturbancéx1)
Hardened Shorelingx)

Piping Plove(x2)
Terrestrial NorNative Species
(x1)

Threatened Specigg2)
Watershed Stressor Indégx1) Fair
In preparationg status of fair assigned based on average basde index of 63/100

Viability Rankings of SOLEC Indicators

Ecologically desirabktatus; requires little intervention for maintenance

Within acceptable range of variatiomay require someterventionfor maintenance

Fair Outside of theange of acceptable variation and requires manageméntinchecked, the biodiversity taagmay be
vulnerable to serious degradation.

Allowing the biodiversity target to remain in this condition for an extended period will make restoration or preventing
extirpation practically impossible.
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Figure2.10: Major Coastal Terrestriabystems The shading depicts different major coadigles.

Purple shading represenssind beachegyrange shading represents coarse beachesgreénshading

representsrocky shores or bluffs
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Figure2.11a-b: Migratory Birds. Coastal areas ariticalfor migrating landbirds, sholerds and waterfowl

Figure 2.14 Important Bird Areas This figuredepicts Important Bird Areg$BAsYor the basin no IBAs
have been identified on the Ontario coast of Lake Superior.
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Figure 2.1b Landbird Stopover SitesThis partial analysis for Lake Superior indicates the degree of habitat
suitability for landbird stopover sites. The red shading indicates areas of very high habitat suitability. Habitat
suitabilitydeclines as the shading moves from red to dark green (based delrdeveloped by Dave Ewert

of The Nature Conservancy). While this mapping has not been completed for the entire basin, higher habitat
suitability is clearly associated with any coastal avéh natural cover
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Lake SuperioBiodiversity Conservation Target
2.7 Tributariesand Watersheds

Description and Distribution

Tributaries include alivers,streamsand inland
lakesthat flow into Lake Superior arttieir
associated watershedgigure 2.12

Thereare 25tertiary (HUG6) and1,546
guaternary (HU@)watershed in theLgke
Superior basinLakes, rivers and streams in the
basin are influencelly landuse, which can
affect water quality in Lake SuperioNative Lake
Superior fishes that migrate to and depend on
tributaries as part of their natural life cycle are
nested targets of the tributargnd watershed

P 2 ™
Lake Superior supporBrook Trout.Theseuniquefishes

migrate between the nearshomgaters and tributaries of

Lake Superior.
target Image: http://www.fws.gov/Midwest/Fisheries

Tributariesand watershedsrecriticalcomporS Yy 1 & 2 ¥ [ lajutic ¢cdgydemNThey Nivide
important habitats for fish and wildlife, and transport nutrients and sediments into embaymentshend
nearshore The estimated 1,500tributaries of Lake Superior gafrom large riversificluding the
Nipigon, St. Louis, Kaministiquia andiRiers) to intermittent streams(LSBP 2006aand provide
approximately3,300 km of tributary habitato migratoryfishes (Horns et al. 200BSBP 200§aThe

total drainage area of the teidry watersheds is over 209,086°.

Migratory fishesare a key groupestedin this target and includéake Superidiishes thatuse

tributaries forpart of their natural life cycle, usually for spawning, but sometimes for foraging or refugia
(e.g, thermal, predation) While many nigratory fishes span almost exclusively in riversyrae gpawn

in both lake and riverine habita{@hcludingLake TrouandLake Whitefiston occasioh Key migratory
fishes that use Lake Superior and its tributadesLake SturgeariWalleye Brook Trout suckers and

many species of minnows (Horns et2003) Figure 2.13 depicts historic and current riverine spawning
habitats used by ake Sturgeon

Nested Species and Habitat Targets

1  Nutrient and sediment 1 Lake Sturgeon  Silver Redhorse
processes 1 Brook Trout 9  Shorthead Redhorse
1  Watershed characteristics 1 River spawningake Trout 1 Walleye
and health T  White Sucker T NorthernWild Rice
1 Migratory fishes 1 Longnoselucker
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Table 2.16: OveraWNiability Assessmenof Tributaries and Watersheds

OVERALL VIABILITY ASSESSMENT FAIR (2.69
CONFIDENCE HIGHER
REGIONAL VARIABILITY HIGHER
Number of Indicators/ Total Score 11/35
Number of Lake Superior Indicators Used 0

Number of Weighted Indicatorx2) 2

Number of Weighted Indicatorx0.5) 0

Number of Potential SOLEC Indicators in Developn| 9

The overall viability for the Tributaries and Watersheds target is assessed as A hNdgher level of
confidence was assigned to this target because there are a larger number & 8@didators, and many
indicators apply to thitarget across its range (e,§Valley@. In addition, the Watershed Stress Index
(GLEI 2013) provides a regional snapshot of the condition of Lake Superior watersheds. While the
northern part of the basin@nerally has fewer stresses, othargions are experiencing higher levels of
stress. Regional variability was also assigned a category ef bigtause of clear differences in the
health of different watersheds.

Tributarieshave been identified athe most vulnerable component of the Lake Supegaquatic
ecosystemIl(SBP 2006§alssues impacting the health tfbutary habitats are hydroelectric facilities,
barrier dams, water crossings, loss of wetlands, {ase practices, exotic speci@sappropriate or
poorly managedimber harvesting, mining, agricultural practices, urban development, induistri
effluentsand sedimentatiolLSBP 2006aHistorically, a number of factors contributed to the
degradation of tributariesincludingwoodydebris from sawmill operations andms that blocked and
changed flows In addition,logging caused erosion, sedimentation and more variable fldvgsiculture
and mining also contributed to degradationdametributary streams (Horns et al. 2003{ornset al.
(2003) noted that hbitat protection and restoratioin Lake Superids especially needed in tributary,
embayment and nearshore habitats.

Fishesthat use tibutaries are more likely tbe limited by habitat quantity and qualitfHorns et al.

2003 Gorman et al. 2010b Brook Troutpreviouslyinhabited at least 18 tributaries of Lake Superiqr
today only &ew remote streans supportviable populationsincludingthoseon Isle Royale (Horns et al.
2003). Historical records indate that therewere 21tributaries wherelLake Sturgeospawned ake
Superior Lake Sturgeon Work Group 2012, unpublished .dBx# to pollution,direct and indirect
fishingmortality, hydroelectric dams, industrial developments ater factors Lake Sturgeonow
occu in only half of these historic siteand fewof the Lake Superidrake Sturgeopopulationsare self
sustaining (Lake Superior Lake Sturgeon Work Group, B@pRblished data), as defined in the Lake
Sturgeon Rehabilitation Plan for Lake Superior (2063). Habitat degradation and fishiAgduced
mortality havealsoaffectedWalleyein every major bay and tributary in Lake Superior, and remain
impediments to achieving goals f@falleyepopulations (Horns et al. 2003%imilarly, the recovery of
BrookTroutpopulations cannot be achieved without the restoration and protection of tributary habitat
(Horns et al. 2003)ArcticGrayling Thymallus arcticysvasoncepresent in the tributaries of Lake
Superior; it is now extirpated from the entire watergh@orns et al. 2003)

Further adding to the complexity of tributary habitatanagement is thaseveral norndigenous
species of salmon and trousetributary habitat for reproduction and developmenthe non
indigenousnaturalized specieare managed for sustainability if they azempatible with the native fish
community objectives (Horns et al. 2003).
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Table 2.7: Ecosystem Indicatorior the Health of Tributaries and Watersheds

Indicator

Lake Superior
Status and Trend

Aquatic HabitaConnectivity(x1)

Aquatic NoANative Speciefxl)

Baseflow due to Groundwater Discharge

(x1)

Faiv Improving

Faiv Undetermined
Overall assessment only.

Coastal Wetland Fish Communiti@)

Not assessegdUndetermined

Fish Habitafx1)

To be developed faBOLEC 2016

See2006 LaMP repqitSBP 2006a)

This indicator is being developed with the support of @Gieat Lakes Basin
Fish Habitat Partnership.

Forest Cove(x1)

Component 1: Percent of forested lands within a watershed
Good Improving

Component 2: Percent of forested lands within riparian zones
Good TDB

Forest Disturbancéxl)

To be developed faBOLEC 2016

Groundwater Qualityx1)

To be developed faBOLEC 2016

Inland Water Quality Indefx1)

Good Undetermined

LakeSturgeon(x2)

Faiv Improving or Undetermined

Land Cove¢x1)

Good In preparation
Land cover in the Lake Superior basin is dominated by natural cover.

Nutrients in Tributariegx1)

To be developed faBOLEC 2016

Pesticides in Tributarig1)

To be developed faBOLEC 2016

Sea Lampregx1)

Faiv Improving

Sediment Coastal Nourishmefx1)

To be developed faBOLEC 2016

Terrestrial NorNative Specieé1)

Good/UndeterminedUndetermined
Lake Superior coastal areas have relatively few invgsargs, including
Common Reed.

Threatened Specigg?2)

To be developed faBOLEC 2016

Tributary Flashinegx1)

St. Louis River (Lake Superior Basin)
Good Improving

Walleye(x2)

Faiv Undetermined

Watershed Stressor Indégx1)

Fair
In preparationg status of fair assigned based on average basde index of
63/100

Viability Rankings of SOLEC Indicators

Very Good | Ecologically desirable status; requires little intervention for maintenance

Good Within acceptable range of variatiomay require somaterventionfor maintenance

Fair Outside of theange of acceptable variation and requires manageméhtincheckedthe biodiversity target may be
vulnerable to serious degradation.

Allowing the biodiversity target to remain this condition for an extended period will make restoration or preventing
extirpation practically impossible.

51



Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Figure2.12 Tributaries Depicts the rivers, streams and lakes of the Lake Superior watershed
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Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.

Figure 2.B: Lake Sturgeon Spawning Rivershe shaded circles depict the populatioformation for
Lake SturgeonThe left half of the circlshows the population status and the right half of the circle
depicts population trajectory There is some uncertainty ifi¢ Harmony and Stokely Rivers ever
supported spawning sturgeon as both rivers are shallow and flachig. identification may have been
perpetuated in the literature and because of a naming error in the chart for this area that calls the
Chippewa Rerthe Harmony This map includes neinformation onLake Sturgeopopulationsfrom

the Lake Superior Lake Sturgeon Work Group anditlishinabek/Ontario Fisheries Resource Centre

(Ecclestone 2013)
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3.0 Issues Impacting the Health of Lake Superior

Threatsto Lake Superiawere assessed based on their potential impact to the biodiversity tamedts
the next ten yearsAlist of draft threatswas developedrom previous lodiversity conservation
strategies [Lake Ontario BiodiversitytrategyWorking Group 2009 ranks Taylor et al. 201Bearsall,
Carton de Grammont, Cavalieri, Chu et al. 20Earsall Carton de Grammont, Cavalieri, Doedral.
2012, regional and loal plansyeports fran SOLEC and the Lake SuperiddRAThe intial threat
ranking was reviewed by the project Steering Committee and then updated based on expent re
comments.

This information wasssessed using the CAP procdssvasentered intoMiradi whichcalculates threat
ratings using a rukdased syste that combinesscope, Severity and Irreversibility criterig Box3.1). It
then producesan overall threatto-target rank and calculates ratings for threats across all targets and
overall threatratings for each targetThis is the same method that was ugedank threats for the
recent biodiversity conservationrategies for the other Great Lakes.

The overall threat rank for Lake Superiohigh (Table 3.1) This is driven by a high rating for climate
change, aquati invasive species and dams and barriers. These threats rank the highest because they
impact many targets over a wide area and, in some cases, are very difficult to reverse. These high
ranking threats generally reflect SOLEC pressure indicators thpbareand declining including climate
changei(e.,ice duration) and aquatic ingave speciesClimate changes and aquatic invasive speaies
also based on predictions of future impacts (vs. dams and barriers which reflects a current condition
that will also largely exist in the future), and have a higher degree of uncertainty around scope and
severity.

The biodiversity conservation targets with thigihest threat ratings areearshorezones and reefs,
inshore and embaymentgoastal wetlands and trilbaries and watersheds. These systems generally
have the most threatincludinginvasive species, climate change and dams and barriers. The other
biodiversity conservation targets have a medium threat rating. All of thestisrthat are rankediigh
and medium are detailed in this section. Appendix E provides more detail on the threat rankings,
including how scope, severity and irreversibility of each threats was applied to each target.
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Box 3.1 Direct threats rating criteria used in the CAP process

il

il

il

il

f
1

Scope- Most commonly defined spatially as the proportion of the target that can reasonably be expected to be
affected by the threat within ten years given the continuation of current circumstances and trends.

For ecosystems and ecological communities, measured as the proportion of the target's occurrence.

For species, measured as the proportion of the target's population.

Severity- Within the scope, the level of damagettte target from the threat that can reasonably be expected given
the continuation of current circumstances and trends.

For ecosystems and ecological communities, typically measured as the degree of destruction or degradation of {
target within the scop.

For species, usually measured as the degree of reduction of the target population within the scope.

Irreversibility (Permanence)- The degree to which the effects of a threat can be reversed and the target affected b
the threat restored.

Very High: The threat is likely to be pervasive in its scope, affecting the targes atiros most (74L00%) of
its occurrence/population.

High: The threat is likely to be widespread in its scope, affecting the target across mutd?43of its
occurrence/population.

Medium: The threat is likely to be restricted in its scope, affectimgtéinget across some (130%) of its
occurrence/population.

Low: The threat is likely to be very narrow in its scope, affecting the target across a small propoiiisn)(1
of its occurrence/population.

Very High: Within the scope, the threat is likely to destroy or eliminate the target, or reduce its populatig
71-100% within ten years or three gerations.

High: Within the scope, the threat is likely to seriously degrade/reduce the target or reduce its populatioj
31-70% within ten years or three generations.

Medium: Within the scope, the threat is likely to moderately degrade/reduce the tangetduce its
population by 1330% within ten years or three generations.

Low: Within the scope, the threat is likely to only slightly degrade/reduce the target or reduce its popula
by 1-10% within ten years or three generations.

Very High: The effects of the threat cannot be reversed and it is very unlikely the target can be restored
and/or it would take more thari00 years to achieve this.g.,wetlands converted to a shopping center).
High: The effects of the threat can technically be reversed and the target restored, but it is not practical
affordable and/or it would take 2100 years to achieve thie.g.,wetland converted to agriculture).
Medium: The effects of the threat can be reversed and the target restored with a reasonable commitme|
resources and/or within 0 years€.g.,ditching and draining of wetland).

Low: The effects of the threat are egsieversible and the target can be easily restored at a relatively low
cost and/or within 85 years €.g.,0ff-road vehicles trespassing in wetland).
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Table 31 Summary oBiodiversity Conservation Thréd&Rankingsor Lake Superior

Threats\ Targets

Embayments
andInshore

Nearshore
Zone and
Reefs

Islands

Deepwater
and Offshore
Waters

Coastal
Wetlands

Tributaries
and
Watersheds

Coastal
Terrestrial
Habitats

Summary
Threat
Rating

Aguatic Invasive
Species

High

High

High

High

High

High

Climate Change

High

Medium

High

Medium

Dams and
Barriers

High

High

Atmospheric
Deposition

Medium

Medium

Medium

High

Medium

Medium

High

High

High

High

Medium

Coastal
Development

High

Medium

Medium

Medium

Incompatible
Forestry

Mining

Medium

Medium

Norpoint
Source Pollution

Medium

Medium

Terrestrial
Invasive Species

Incompatible
Fisteries
Management

Oil Spills from
Shipping and
Refining

Point Source
Pollution

Wind Energy
Development

SummaryTarget
Ratings:

Medium

Medium

High

Medium

High

Medium

Medium

Medium

High

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

High

High

Medium

Medium

Medium

Medium

High

The threat is likely taestroy or eliminatehe biodiversity target.

The threat is likely tseriously degradthe biodiversity target.
The threat is likely tonoderately degradéhe biodiversity target.
The threat is likely tonly slightly impaithe biodiversity target.
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Lake Superiofl hreats to Biodiversity Heath
3.1 Aquatic Invasive Species

Overall RatingHIGH
Biodiversity Targets Impacted:

9 Deepwater and Offshore Watesligh)

1 Nearshore Zone and Redfdigh

1 Embayments and Inshofeligh

1 Coastal Wetland@High

9 Tributaries and Watershedsligh)
Aquatic invasive speci€alSwereidentified as a high
threat to the biodiversity of Lake Superior becatisey
impact many of the targets throughout most of their
range, can seriously degrade habitats amedifficult | zepramusselsDreissena polymorphand Quagga:
to reverse Once aquatic invasive species are MusselgDreissena bugensiare only found irsome
established and abundd, ecosystems are likely to areas ofLakeSuperior includingin the harbors of Duluth
experience instability and unpredictability, and a losg @nd Thunder BayThere is a risk that aquatic invasive

.. . . . species may spread to other embayments.
biotic community diversity (Horns et al. 2003). lrgage:http:,,xwvs_portoﬁhunderbay_cor%’

In the Lake Superior watershe@l7 non-native aquatic species have been fouimtluding fish species,
aquatic invertebrates, diseases and parasites, algae Emdp(Minnesota Sea Grant 20)2A further

53 species have been identified @gatch-list specieéfor the Great Lakes bas{onited States
Geological Survey5GE2012)(see Appendix D)Of the five Great Lakekake Superior has the highest
ratio of nonnative to native fish specig&nvironment Canada [EC] and the U.S. Environmental
Protection Agency [US EPA] 2005), withteoraf 20 non-native species té8 native speciegMinnesota
Sea Grant 2019b When nonnative species become established in an ecosystem, spreading widely and
causing harnthey are considered invasive (Lake Superior Work Group 20@L@)to Lake SupetiNI2 a
low temperature and productivitynon-native species do not reproduce and spread as quickily as
other Great LakesLake Superiostill has the fewesbverallnumber ofaquatic invasivepeciesof any of
the Great LakeDupre 2011).

The mechanisms or pathways for introductioragiuatic invasivepecies are varied (Lake Superior Work
Group 2010).Most nonindigenous species were introduced through unintentional release or in the
ballast water of shipsHorns et al. 2003.SBP 200§a_ake Superior receivesdisproportionate amount

of deballasting activities, which could serve to facilitate introductions of aquatic invasive species
(Grigorovichet al. 2003) Salmon and eme specief trout were introduced for sport fishing and to
control Rainbow SmelfHorns et al2003 Minnesota Sea Grant 2012bin some cases, the introduction
mechanism for nomative species is not entirely cleaviralHemorrhagicSepticemia (VHS,
Novhabdovirussp.) is believed to have been introduced by coenaml ships or recreational boats from
the lower Great Lakes (Lake Superior Work Group 2010).

Lake Superior is the only lake to have an aquatiasivespecies prevention plarEforts to reduce the
introduction of new aquatic invasive species into the Great Lakes appear to be reducing the rate of
invasions and no new species have been recorded since Ffi6reimpacts of aguatic invasive
species in Lake Superior may occur frextant species moving to new locationSurther spread could
be facilitated byclimate change resulting imarmer water temperatures and ineased recreational use
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One of the most serious aquatic invasive species to bagcemeestablished in Lake Super isSea
Lamprey Sea Lamprefiave significatly altered he fish community, and the combined cost of
suppression efforts anthe economic effect on fisheriemnges into the hundreds of millions of dollars
(Horns et al. 2003)Sea Lampregre currenty managed in the basin through the application of
lampricide in key rivers where they spawxisting dams and barriers also prev&eia Lamprefrom
accessing some spawning aredfieecosysteneffects of more recently introduced species including
Rufe andRound GobyNeogobius melanostomyare not fully known. & a number of nomative
fishes (includindruffe Alewife[Alosa pseudoharenglysnd Fourspine Stickleba¢Rpeltes quadracys
the period from 2001 to 2005 recorded stable or declining gapon trends Pratt et al. 201D

Asian carp¢BigheadCarp Hypophthalmichthys nobilisSilver CarpHypophthalmichthys molitr]x
GrassCarp [Ctenopharyngodon idelland BlackCarp [Mylopharyngodon piceljshave been identified
as one of the mosterious potential invads to the Great Lakes ecosysteifhe risk of Asian carp
invasion and establishment in Lake Superioaisd as moderate in thaext ten year{Cudmore et al.
2012. Modelling predicts that if the entry point of Asian carp inte tBreat Lakes is through the
Chicago canal, then very femdividualswould make it to Lake Superior 20 years Those that do
migrate into the lakevould likely becomeestablished in theaorthern embayments, including BlaBlay
and Thunder By and the & Louis estuarylf Asiancarp became established in western Lake Superior
(through the release of live fish), they are likely to remain in the estuary, but would also likely start to
move into nearshore and inshore watersBlackBay, ThunderBay and he Keweenawreninsula
(Cudmore et al. 2012)
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Lake SuperioiT hreats to Biodiversity Heath
3.2Climate Change

Overall RatingHIGH
Biodiversity Targets Impacted:

1 Deepwater and Offshore Wate(sledium)

1 Nearshore Zone and Redfdedium)

1 Embayments anthshore(High

1 Coastal Wetland@High 0.02
1 Islands(High e
1 Coastal Terrestrial Habitagiligh) -
1

Tributaries and WatershedMedium)

Climate change was identified as a high threat
the biodiversity of Lake Superiover the next

ten yearsbecause it impacts all of the targets While water temperatures are increasing across the G

throughout their rangewill likely have moderate | axes. Lake ®arior may be the most impacted (GLEAN
impactsandthe effects cannot be reversed 2012, Allaret al. 2013)
Image:http://www.greatlakesmapping.org

The Lake Superior Ecosystem Climate Change AdapBxtadtiPlan(LSECCARaft) (LSBP 2012a)
identifies a number of projected changes to ttegjionalclimate andeffects to ecosystemsExpected
changes to climate include: 1) an increase in air temperatures by 3% #ybthe end of the 21st

century, 2) a slight increase in annual precipitation, with seasonal shifts in amounts, 3) an increase in
annual average water temperatures of 5 t@Crthraughout the 21st century, 4) a continued decrease in
the extent and duration of ice cover through the 21st century, S)eiased wind speed$) an expected
decrease in water levels similar to the decremseen during the past 20 years aiylan earlier aset of
spring and summer and an increased growsagsonLSBR0123). Evidence suggests that sorag

these changes are alreadnderway, including hcreases in opewater summer temperatures and
changes in lake stratificatipand reductions in wintecé cover (Austin and Colman 2008).

The projected changes to climate are expected to dherphysical, chemical and biological aspects of
Lake Supeor (LSBR0123). Coastalvetlands couldshrink negatively impagng fish andwildlife
populations. Lower water levels woul be favourable to the invasitdommon Reedwhile higher water
temperatures may favour aquatic invasive species suc®easLampregl. SBP 20H). Deciduousdrests
may shift northward due to warmer air temperatures and changes inipitation. Forest gds may

also spread widelgdue to higher air temperature@. SBR2012a). Disjunct and boreal species that are
dependent on cooler temperatures and microclimates magerience a reduction in suitablebitat

due to increased air tempature and lower lake water levels (LSBP 2)13horelines may be more
vulnerable to erosiopdue to lower water levels and higher wave ener§iyarmer waters would impact
a number of species, fromtating the plankton communities with potentidinplicaions forthe entire
food web, to creating conditions that are unfavourald coldvater fishcommunities. Climate change
may also cause increased concentrations of toxic pollutants through increased precipitation, or the
exposure of previously submergeakic sediments through lower water levels (LSBP a@01®ater
quality changes that could be brought about by climate change include lower dissolved oxygen levels
due to warmer waters and an increased duration of summer stratification and an increagalin al
blooms (LSBR012a). Climate changeould also alter human uses and potential impactgrenlake
Longer shippingnd boatingseasons could increase thisk for introduction ofaquatic invasive species.
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Lake Superiofl hreats to Biodiversity Heath
3.3 Dams and Barriers

Overall RatingHIGH
Biodiversity Targets Impacted:
1 Nearshore Zone and Redfdigh
1 Embayments and Insho(gligh
1 Coastal Wetlandd_ow)
9 Tributaries and Watershedsligh)

Dams and barriersrere identified as a high threat
to the biodiversity of Lake Superior becaudkey
impactmanyof the aquatictargetsthroughout most
of their range andatan seriously degrade habitdts on theBlack Sturgeon Rivare currently being

migratory fishes The impacts of any dams and | gyjored by the Ontario Ministry of Natural Resourc
barriers can howeveibe reasonably reversed. Image:Ontario Ministry of Natural Resources

Options to improv ish pasagetbe Camp 43 dam

Dams and barriers disrupt connectivity for aquatic (and sometimes terrestrial) orgaarshtise

movement of woody dbris, sediment and nutrientdbams and barriers include structures like dams

weirsand poorly instded roadstream crossingsWhen impoperly installed, culverts can become
GLISNOKSRé> NBadzZ GAYy3a Ay F O0FNNASN (2 FTA&AK Y2Q0Ay3
smaller streamsOver 23,600 dams and potential barriers have been documented from the Lake

Superior watershed &huchowskiHartley et al. 2013(Figure 3.1)

Dams are identified as one of the principal stresseascioatichabitat in Lake Supenidecause thegan
preventsomemigratoryfishesfrom reaching spawning grounds in tributary streaamslare considered
animpedimentto the fishcommunity objective for tributary spawnirigake SturgeofHorns et al.

2003) Damsare major contributing factors tpopulationcollapsef some Lake Superior fish stocks

For example, the Black Sturgeon Dam on the Black Sturgeon River is thought to be partially responsible
for the Black BaWWalleyepopulation ollapse in 1966, anfbr the inability of this populationd recover
Although the spawning and nursery habitatlstixiss, it is inaccessibléGorman et al2010b).

Many dams in the basin are now more than 50 years old and are deteriord&amed withaging
infrastructure and the availability dfinding br habitat restoration projectsthe removal of dams and
barriershasbeen increasingKraus 2011)In some cases the impacts of dams and barriers can be
reduced without complie removal The Nipigon River Water Management Peasresultedin a more
natural cycle of river flovn the Nipigon River watershgtdSBP 2008).

Most new dams will have fewer impacts thaxisting,legacy damsin Ontario, land uses on crown land,
including hydropower, are governed by land useigleations Where bnd use designations permit the
potential development of hydropower,rpposals for development are considered on a site specific basis
through enviromental assessmendrocesses These processes are designed to assess potential impacts
to the environment, including aquatic species and habitat, as well as identify any ajapegvoidance
andmitigation measures.

Dam removal is a complex issngthe Great Lakeswhile dams prevent migratory fishes from accessing
tributary habitats, theyalso preveniSea Lamprefrom accessingpawning areas, and sondkams and
barriers may need to be used as management toolémit the spread ohquatic invasive species.
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Figure 3.1Dams & barriers in the Lake Superior BasRed dots depict documented dam locations
Smalledots are roaegstream crossingsSome & these crossings may present a barrier to migratory
fishes €.g.,at sites with perched culverts)These crossirgneed to be assessed on a cdsecase basis.
Data from Januchowskartley et al. (2013).
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Lake Superiofl hreats to Biodiversity Heath
3.4 Atmospheric Deposition

Overall RatingMEDIUM
Biodiversity Targets Impacted:
1 Deepwater and Offshore Wate(sledium)
1 Nearshore Zone and Redfdedium)
1 Embayments and Inshof&edium)
1 Coastal WetlandéVedium)

Atmospheric deposition wasdentified as anedium
threat to the biodiversity of Lake Superior because it
impacts many ofhe aquatic targets throughouheir
range While actions to reduce emissions will need to
occur at a scale beyond the basin, recent studies havg Coatfired power plants are a major source of
shown that agatic ecosystems can recover quickly on{ mercury deposition. In 2018anada and the

inputssuch as mercurgre reduced. U.S. signed thMlname'xta.ConvenUon on
Mercuryto reduce emissions.

Image:http://sierraclubgreatlakes.blogspot.ca

Atmospheric deposition ke primary means through which a numberpdrsisent bioaccumulative
toxicchemicalenter the Lake Superior basin (LSBP 208@nospheric deposition is identified as a
principalstressor to the aquatic communitf Lake Superior resulting #fome degradation to all habitat
zones SBP 200§aChemicals from atmospheric deposition affect the lake in the form of contaminated
offshore waters, sediments, and fish and waterbirds.

Mercury is one of the most serious chemiddilat enters the lake through atmospheric deposition
Coalfired power plants are the largest source of mercury air emisgioegrated Atmospheric
Deposition NetworkIADN Steering Committee 2011)/Vhile the evels ofmercury and othepersigent
bioaccumulative toxichemicals in the aiare lowest over Lake Superjtine large surface areallows

for atmospheric depositioto be alarge source ofhemical input (IADN Steering Committee 201THe
Lake Supeoir ecosystenalsohas unique physical, thermal and biological characteristics which retain
chemical contaminantsncluding cold waters and a long retention per{@$BP 2018, and unique
microbial food webGuildford et al. 2008

While there has been a decrease in the release of several chemical contaminants over tB@yesss,

a consistent decline in these chemicals in Lake Superior sediments has not been obSéameedhe

first measurements oPCBsHolychlorinated Bipherts), DDT{dichloro-diphenyttrichloroethané and
mercury were taken in the 1960s they hawaly declined slightlyGewurtz et al. 2008 as cited in LSBP
2012). Despite an 80% reduction in mercury discharges and emissions in th&lyaéegor basirfirom
1990 to 2010, mercurfevels in fish are increasing aack higherthan in any other Great Lake (LSBP
2012v), resulting in some advisories against fish consumptic®8BP 201 IADN Steering Committee
2011) Atmospheric deposition of nutrients such as ngem also has the potential to change the
productivity of some ecosystems, and may be linked to the spre@bofmon Ree(Rickey and
Anderson 2004)The atmospheric deposition of chemicals of emerging concern has been identified as
an additionalpotential stressor for the Great Lake&fforts to determine chemicals of emerging concern
are underway and brominated flame retardants have emerged akepgroup(IADN Steering
Committee 2011).
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Lake Superiof hreats to Biodiversity Heath
3.5 CoastaDevelopment

Overall RatingMEDIUM
Biodiversity Targets Impacted:

1 Nearshore Zone and Redfdedium)
Embayments and Insho(gligh)
Coastal WetlandéVedium)
Islandsg(Medium)

1
1
1
9 Coastal Terrestrial Habitafisedium)

Coastal development was identified as a rivgal
threat to the biodiversity of Lake Superior becau :
it impacts many of the coastal and aquatic targe| —— 3
in a limited part of their rangeWhere = = : =2
incompatible development does occur it can Coastal development and shorelicleangescan remove

seriously degrade habitats and is very difficult to and fragment habitats and disrupt coastal processes.
. Image:neebing.estatesincanada.com
mitigate orreverse.

Coastal developmerntcludedroads, residential, commerciahd industrial developmenin addition to
shoreline structures such a rap, bulkheads, jetties, groins, piers, gabions and seaw@tiastal
development directly destraghabitats including the loss of coastal forests and beaches and the filling
of wetlands Fragmentatiorof habitatsreduces the capacity of coastal speciesnigratealong the
shoreline. Loss of wetlands in numerous sites around Lake Superior has negatively impatited

Perch and in some locatisiValleye Northern Pike and other species have also besfected (Horns

et al. 2003).Madifications to and development of shorelines may even facilitate invasions by aquatic
invasive specielsy disrupting populations of native specigdeadows et al. 2005).

Shorelinestructures anchardeningcanconstrainshifts of coastahabitatsin response tahanges inake
levek. Structures that are constructed to protect shoreline properties aboalter sedimentransport
processes alonthe coast and impact beaches and wetlantts parts of Lake Superidseacheshave
beenlost through the installation of jetties, breakwea and hardened shorelines which capture sand
up-current(Kraus and White 2009Artificial shorelines replace naturaahitat, such as coastal
wetlands and are often found near the mouthd arger rivers, whera@rbanareasare located (SBP
20069.

Artificial structurespresentlyaccount forless tharfive percent of the Lake Superior shorelifrégure

3.2), and_ake Superi®d A K2 NBf Ay S NBYI A dmpdred tolotlerfGrebtHakds & Y I G dzNJ
(LSBP 2006aHoweverwhile Lake Superior has many areas of putNoershipand protected areas
alongsignificantstretchesof shoreling the shoreline is becoming increasinggveloped SBP 2006a

Areas of human habitation amready concentrated in estuaries and embaymefRigure 33).

In urban communitiesreclamation of former industrial lands for public waterfront accesgestoration

of green space along the shore is a positive shoreline trend that may continueadiibed industrial
demand for shorelinel(SBP 2006§a
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Figure 3.2 Artificial Shoreline Red areas depict artificial shoreline.
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Figure 3.3Housing density along the Lake Superior coaSoncentrations of red (dots) denote areas
with higher levels of coastal development.
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Lake Superiof hreats to Biodiversity Heath
3.6 Incompatible Forestry

Overall RatingMEDIUM
Biodiversity Targets Impacted:
9 Coastal Terrestrial Habitats
(Medium)
9 Tributaries and Watersheds
(Medium)

Incompatible forestry was iderfted as
a mediumthreat to the biodiversity of
Lake Superior because it impacts

coastal habitats and watersheds inpal a 2 54 2F [ 1S { dzLJSNA 2 NRa. F2 NB 4
of their rangeand can moderately Incompatible forestry can result in habitat loss and degradation t
degradethesehabitats However,itis | tributaries.

possibleto reverse the impacts. Image-landsalelistings.com

Forestryisone of the three principal industries of the Lake Superior basin, along with mining and
tourism (National Wildlife FederatiorNWH 1993 as cited ihSBP 2006alncompatible forestry

includes practicethat result in significant soil exposure cdmpacton, whichleads toincreased
sedimentation andunoff into tributaries. Thiscan result in sedimentation of fish spawning grounds and
an increase in nuients tonearshore waters (se$ection 3.8 Examples of incompatible forestry

include large cleards, significant forest clearing in or near riparian areas, excessive soil disturbance
through heavy equipment operation or dragging of logs on slopes or in riparian areas, and poorly
designed stream crossings.

A number of forestry practices have histmilybeen incompatible, and have consequerdigraded
fish habitat. Log drives, the logging of stream baydsd erosion from stream crossings are problems
that haveoccurredin all of the major Lake Superior watersheds in Ontdr®BP 2006a

In the Ontario portion of the Lake Superlmaisin 75% of land ownership is Crowarld, and

administration of forestry is through the Ontario Mitrig of Natural Resourceand Forestrf(OMNH).
Sustainabldorestlicenses are used to ensure sustainablenagement of commercial forestry, reducing
practices of incompatible forestr{. &§BP 2006aln the U.S. portion of the basii7% offorests are

owned by various levels of government; public involvement in planning is being more integrated at all
levels LSBP 200§aMany of the public and a growing numbers of private lands are currently certified
for sustainabldorestry practices. Under these practicesnber harvesting is designed toimic natural
disturbancesretain wildlife habitat featues and potect riparian areagLSBP 2006a

A recent analysis of land use change in the basin detected a decrease in the amount of coniferous forest
and a corresponding increase dteciduous andnixed forest hat is likely related to forestrgractices
(Hollenhorst et al. 2011 Fire suppression in the basin may also have some impact on nutrient flows

into Lake SuperidiS.Greenwood pers. comm, 2013).
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Lake Superiof hreats to Biodiversity Heath
3.7 Mining

Overall RatingMEDIUM

Biodiversity Targets Impacted:
Embayments and Insho(®edium)
Nearshore Zone and Reefdddium)
Coastal Wetlandd.ow)
Islands(Low)

Coastal Terrestrial Habitafsow)
Tributaries and Watershedsligh)

= =4 =4 -4 -8 A

Mining was identified as a medium threat to the

biodiversity ofLake Superior because it impacts

many of the targets in a limited part of their range,
but can have major Impacts that. car?no.t be easily The 15 kriHulFRust Mahonindron Mine near
reversed The impacts of new minesill likely notbe Hibbing MN at the headwaters of the St. Louis Riv¢
as severe as historic mines due to better Image:http://mww.superiorforum.org
environmental regulatios, but the number of mining

applications in the basin is growing rapidly

Mining remains a major land use in theke Superior basin, and émést in mining is increasing$BP
20069. Mining activities in the Lake Superior basin have extracted gold, silver, copper, platinum,
palladium, nickel, zinc, diamond, lead, irore and taconite, as well as quarried brownstolLSBP
2006a;Kerfoot et al. 2009)Many of theseoperations areopenpit mines (Kerfoot et al. 2009).

Mines in the Lake Superior basin were at one time global leaders in the productitveofasid copper

(LSBP 2006aThe Keweenaw Peninsula areaNichigan was the second largest global copper producer

for over 75 years (Kerfoot et al. 2012ndMinnesota still produces 75% of the iron ore in the United
States [(SBP 2006aln addition totheseexisting mines, there has been a recent increasexjsloration
andclaims in the basinA recent map by the Lake Superior Ad Hoc Mining Comm@@&1)shows the

locations of operating mines, sites of mineral exploration, and areas of mineral leases and mining claims

(Figure 3.4) Aggregate quarries havalso been proposed along the Ontario coastd an increase in
YAYAY3A AY hyillNA2Qad y2NIKSNYy aGwAy3d 2F CANBE
on Lake SuperioMany Lake Superior watersheds are shown to have mining activity aathber of
mineral leases and miningaims extend to coastareas Figure 3.3.

Mining can contributeto impaired water quality, especially in the nearshore, embayments and
tributaries (Horns et al. 2003)n areas of Minnesota and Michigan, the neanghhabitat has been
locally degraded due to the discharge of mine chemicals and tailings (Horns et al. R0@i8y
sediments in the neeshore, embayments andver mouthsmay cover and degde spawning habitats
(Chiriboga and Mattes 200&erfoot et al 2019. Mining can also result in direct habitat impacts to
coastal species and habitats, and degradatiotribfitaries.

Someearly mining operationse(g.,on the Keweenaw Peninsuldischarged tailings directly into Lake
Superior (Kerfoot et al. 200950me evidence from Keweenaw Bay suggestsvihde metal
concentrations are declining and recoverp@urring the continuederosion of tailing piles into Lake
Superior contibutesmetals to thenearshore aeas(Kerfoot et al. 2009).
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Mine wastes from historicaton mining in the Lake Superior basin have remained potential sources for
contaminants and environmental impairments, decades after the closure of mine operations (LSBF
2011). Some Lake Superior Areas of Concern (A@B)ding Deer Lake (Miglelisted as an AOC in
2014)and Torch Lake (Mhyere listed as AOCs due to the negative effects of mining activities (LSBP
2008). Despite the closure of some of these mines dd@ryears ago, adverse environmental effects are
still evident. It is estimated that it may be 800 years before concentrations of copper in water and
sediment at Torch Lake return mckgroundconditions (Kerfoot et al. 2009).

Mining is closely linked to mercury emissiomi$2010, although the total mercury emissions declined

from 2005 levels (from 333 kg/yr to 261 kg/yr), mining and metals production still accounted for 63% of

the mercury emissionsTaconite mininda form of iron)accounted for 98.5% of the mercury emissions

from mining (LSBP 2042 Existing taconite mining and new or expanded mining are identified as

emissions sources which present reduction challeng88P 200201%). aAyy Sa 2 i Qaalsa il G4 S g7
for Total Maximum Daily Loads (TMDL) of mercury emissions cannot be met without reductions from

the mining sector (LSBP 2008).

CKS O2yiNROGdzIA2Y 2F a2YS YAYyAy3d aSO0l2NR (2 KI NXYTdz
Regulatory Frameworior Air Emissions (LSBP 2008he historic release of harmful emissions

continues to impact some regions in the basirhe processingfaron ore in Wawdrom 1939 to 1998

caused a plume containing sulfur and arsenic to be released, which in turrediefdran area 48m

away and large enough to be seen on satellite surveys (Kerfoot et al. 200@ever, the closure of

mining facilities does lead to reductions in chemical outpisny of the reductions of nine Zero

Discharge Demonstration Progranb{ZP) chemicals between 1990 and 2000 were primarily the result

of the closure of two mining facilitiea Michigan andntario LSBP 2006b

68



Lake Superior Biodiversity Conservai@sessment: Final Draft, June 2013.
Figure 3.4Mining in the Lake SuperidBasin
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Lake Superiof hreats to Biodiversity Heath
3.8 Nonpoint Source Pollution

Overall RatingMEDIUM

Biodiversity Targets Impacted:
1 Embayments and Inshof#edium)
1 Nearshore Zone and Reefdddium)
1 Coastal WetlandéVedium)
9 Tributaries and WatershedMedium)

Non-point source pollution was identified a| §
a medium threat to the biodiversity of Lakeg
Superior because it impactsur of the
targets in part of their rangeandcan have L B2 & i
moderate impacts that can beversed with | Heavy rainsn June 2012 resulted in significant +off into the

reasonable commihent. western part of Lake Superior.
Image:NOAAttp://www.seagrant.umn.edu

Nonpoint sourcepollution results from diffuse movement of rainwater and snowmelt across the
landscape into surface water&s water moves across the landscape, nutrients, sediment, and other
pollutantsare dissolved or suspended by the water and carried tinbataries and the waters of Lake
Superior This form of pollution cannot bieaced to a specific pointlt containssediment, chemical or
nutrient contaminants that exceed natural baseline levels and, as a result, degrades water quality and
associated biologad communities Humanactivities such as agriculture, urban development and
forestry have increased water runbénd the amount of pollutants in runoffPhosphorus and sediments
are the most serious nepoint source pollutants in Lake Superior, and are generally only an issue in
embayments tlat have high levels afatersheddevelopment Phosphorus runofis congilered one of
the most important drivers of eutrophication and the proliferation of nuisance algae because
phosphorus often limits algal growth in freshwater ecosyste@adiments exported from rivers cause
turbidity, which can interfere witlaquatic plantgrowth and prey location by visual predators, and alter
benthic habitat conditions.

Nonpoint source pollution from atmospheric deposition is treated separately in this report.
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Lake SuperioiT hreats to Biodiversity Heath
3.9 Terrestrial Invasivé&pecies

Overall RatingMEDIUM
Biodiversity Targets Impacted:
1 Coastal WetlandéMedium)
9 Islands fedium)
9 Coastallerrestrial HabitatsMedium)
9 Tributaries and WatershedMedium)

Terrestrial invasive speciesaneidentified as a
medium threat to the biodiversity of Lake Superior
becausehey impactall of the terrestrial and wetland
targets in part of their range, and can hav_e modera Superior coasncluding theBayview BeaciSioux
to severe impacts _that can be reversed with River SloughW andBatchawanaBay, ON.
reasonable commitment. Image:http://www. torontozoo.com/

Common Red is spreading in the southern Great
Lakes and has scattered occurren@sng the Lake

Terrestrial invasive speciesulddirectly impact coastal habitats by displacing native species and
altering the composition and function of these ecosystef@®mpared to the other Great Lakes,
terrestrial invasive species are rarethe Lake Superior basjsee Appendix D), presenting a
opportunity for early detection and eradication before they become problematic.

Common Reéts one of the most serious coastal invaders in other regions of the Great.Ltkes
distributed sporadicallylong the southern shore of Lake Superiorwad as on Isle Royal®l{chigan
Tech Research Institut®[TR] no date; Midwest Invasive Species Information Network [MISIN] 2013
It is also found in scatteregccurrencesn Ontario (Invasives Tracking System 20429iin the coastal
marshes of Battawana Island (Noble 1982b as cited in Henson et al. 2@10ple Loosestrif@_ythrum
salicarig is identified as another high impact invasive species (Liva 201 Ontario,Purple Loosestrife
is now found in seeral locations in the basitinvadingTracking Syster2012). It is also found at
numerous locations throughout Wisconsin, Minnesota and Michiy8IN 2013Great Lakes Early
Detection Network GLEDN2012). Cther terrestrial invasive species a@mmon BuckthorRhamnus
catharticg), Honeysuckle(Lonicera sp and Garlic MustardAlliaria petiolatg (Liva 2011) Exotic
buckthorns Common Buckthorand Glossy False Buckthoffarangula alnuf are established in Duluth
(MN), Michigan and Wisconsin, but not in the Ontario portion of the baSiatarianHoneysuckle
(Lonicera tataricais established in DuluifMN), Michigan, and neasettlementsin Ontario. Garlic
Mustardis known to occur in the Lake Superior baaimg has it has been verified Wisconsin, as well
asa number of locations inounties inMichigan MISIN 2013 Leafy spurg€Euphorbia esubais
widespread in the basin, but restricted to roadsides and disturbed diteBP 200§aSpotted Star
thistle (or Spotted KnapweefCentaureaiebersteinii] is known from Isle Royale and Grand Sable
Dunes in Michigaandin northern Wisconsinlt hasalsobeen reported to be in theast side of the
Lake Superior basin in Onta(icSBP 200§aOthernonnatived LISOA S&4 6 KA OK FF FFSOG [ I
watershedsinclude theGypsy MothLymantria dispgrand theEmerald Ash BordAgrilus planipenis),
which has been found in the Upper Peninsula of Michig&8BP 2008) as well as in Sault Ste. Marie
Ontario Canadian Food Inspection AgenC¥[A2012) Recent reporte locations of a number of
invasive species in the U.S. portion of the Lake Superior basin can be viewed using the Midwest Invasive

® Common Reed is also treated as an aquatic invasive species (AlS) by some agencies and in some reports because
it often occurs in wetlands.
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Species Information Network mapping tool (MISIN 20Eyure 3.5lepicts the location of some
invasive species along theast

The Lake Superior Aquatic Invasive Species Complete Preventiord@ignizes that theamemethods
recommendedo prevent the spread of AlS cd@ used as tools to prevent the spread of terrestrial
invasive species (Lake Superior Work Group 2010).

Figure 3.5 Coastal Terrestrial Invasive Specié€khe red dots depict tracked invasive species from

various state and provincial datases.Comma Reeds shown in orange. These datees are not

complete and there are projects to improve tracking and mapping of terrestrial invasive species in many
regions of Lake SuperioNote that the Ontario database includes aquatic spedies lpcationsin the

lake).
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3.100ther Threats and Emerging Issues

Severalower rankingthreats wee identified in the assessmeniThese threatgenerallyhave limited
scope and/or severitygr there is some information that their intensity could increase in the future.
Some of these threats may be very important regional issues, but generally have lmkigedde
impacts to the health of biodiversity compared to the other threats that havenbdentified.

Point Source Pollution

Point sourceridustrial effluents and waste have beemajor habitat stressors in Lake Superior (Horns et
al. 2003) and the legacy of this pollution still impacts biodiversity in some arRamediation of these
polluted sites in the Great Lakes has been a major focus of the Great Lakes Water Quality Agréement
Lake Superiogight Areas of ConcerrAOC}have been identifiedThunder Bay, Nipigon Bay, Jackfish
Bay(Area of Concern in Recay® Peninsula HarbouSt. Marys River, Deer Lakkelisted in 2014)

Torch Lake and the lower St. i@Rive(Figure 3.6)

The Ontaio Ministry of the Environmentises 37 streams to monitor and assess the impacts of point
source pollution, including the mouths of majeibutaries LSBP 2006a

Figure 3.6: Lake Superior Areas of Concern.
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