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All of the members of FG2 have contr:il:uted to the group's activities durin;J 
:Riase I of the Water Levels Referezx:e study. It is silrq:,ly not possible to 
describe all of these efforts in detail. What follows is a necessarily 
abbreviated list of significant contributions to the study an:i to the 
preparation of this Annex. A list of the full membership of FG2 is in 
AWerrlix B-3. 

Jean 'Ihle (Envirorment Canada) serve:l as canadian Co-chair until July, 1988. 
His contributions to conceptualization an:i o:cganization of FG2 1s activities, 
particularly in establishin;J a spatial perspective, i.ere· significant. 

Because of the extensiveness of its inquiry into the coastal zone of the Great 
lakes - st. lawrence River system, FG2 divided itself into four groups: a 
terrestrial subgroup le:l by Tan Farrell an:i Pearl M'.::Keerl (Ontario Ministry of 
Natural Resources) an:i Chris Shafer (Michigan Daparbnent of Natural 
Resources), a wetlan:is subgroup chaire:l by Dieter Busch (U.S. Fish an:i 
Wildlife Service) an:i Gary McCullough (Environment Canada), an aquatic 
subgroup under John Gannon (U.S. Fish an:i Wildlife Service) an:i Janet Elner 
(Fisheries an:i Oceans Canada) an:i a data integration subgroup le:l by Ron 
Gelinas arxi Dell Coleman (Environment Canada) arxi by Frank Horvath (Michigan 
Deparbrent of Natural Resources). 'lhese subgroups were responsible for 
canpletin;J tasks identifie:l in FG2's Plan of Study. 

While the Annex was a collective effort of FG2, a number of members made 
substantial contributions to its preparation. Sections relatin;J to the 
terrestrial environment were contributed by Ralph Moulton arxi Doug Brown 
(Environment Canada) arxi Frank Horvath. Robin D:lvidson-Arnott (university of 
Guellit) prepared the discussion of shore processes. Dieter Busch, Gary 
McCullough, an:i Boo Kavetsky (U.S. Fish an:i Wildlife Service) wrote the 
materials on wetlan:is. Mark law (Ontario Ministry of Natural Resources, 
fonnerly with Envirorment Canada) , Frank Horvath arxi Dell Coleman prepared the 
section on Geograptlc Infol'.1!13.tion systems. 'lhe discussions on the aquatic 
environment were·prepared by John Gannon. 

Several members, Doug Brown, Chris Shafer, Pearl M'.::Keerl, Boo Kavetsky, Gary 
McCullough, Dieter Busch, arxi, in particular, Mark law, i.ere principal 
o:cganizers of FG2 lo.'Orkshq:,s on coastal pnx:esses, coastal management, arxi 
wetlan:is. 

Sare FG2 members serve:l as cx:rnnunication links with other groups, both in arxi 
outside of the study, arxi helpe:l provide a broader perspective on our lo.'Ork, 
Jody Rooney (U.S. Anny Cor:ps of Ergineers) was our liaison to FG4. Chris 
stewart (Envirorment Canada) arxi 1km Williams (U.S. Anny Cor:ps of Ergineers) 
facilitated the exdlan;Je of views with FGJ. Chris Shafer, President of the 
Olastal states Organization, was a valuable link with both cso arxi its member 
states in the Great lakes basin. 

A number of individuals outside of FG2 encourage:l arxi facilitated our efforts. 
In particular, dialogue with Bany Smit arxi Len Shaman (FGJ Co-Ola.irs) Doug 
o.rt:hbert an:i Zane Goodwin (F'Gl Co-Olairs), arxi M.lrray Claire!l arxi Andy Hamilton 
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(LJC staff) ani the assistance of Ba:> Maclauc:hlin am Tony Wagner (EMI' Deputy 
Co-chairs) is awreciated. Gazy Boyd (Fisheries am Oceans canada) assisted 
in the develq::ment of the canaclian Geograp'lic Infonnation System am Jon 
IQJsler (J.A. IQJsler Associates) contril::Juted to FG2's coastal management 
workshop. 

A special note of thanks is extended to FG2 1s Coordinators, Mark law (July, 
1988 to April, 1989) ani laurie Maynard (April, 1989 to present) 1m0 
consistently went the extra distance to keep thin;s runnin;J sroothly, ani to 
carry out the many thankless tasks that are neeied to cperate an urrlertaking 
of this magnitude. Prior to assuming the role of Coordinator, laurie did much 
editorial -work on early drafts of the Annex. She, alorg with Olris Stewart, 
accepted m:,st of the :cespolisibility for editing, am coordinating the 
preparation of, this final version. Ultimate respsonsibility for the content 
of the Annex, however, remains with the FG2 Co-chairs. 

An:i finally, this Annex would not have oane together~ it not for the 
dedication of Madeleine Ward, who was responsible for typing the majority of 
the manuscript. 

Robert Roden 
u. s. Co-chair 
F\ll'lct.ional Group 2 
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EXmJl'lVE S(HW« 

'1he enviroronent of the Great lakes - St. lawrenoe River system is a ridlly 
varying blen:i of lard, water, an:i coastal -wetlands. While nuch remains of 
what greeted the first E.uropean settlers of the region, this system has 
umergone substantial human-caused mxlifications, including intensive 
shoreline developnent, loss of half of the -wetlands, an:i uncontrolled 
pollution of the lakes, the St. lawrenoe, an:i the connecting channels. Sane 
of these abuses =ntinue to the present day. However, there is also an 
element of hope in the increasing recognition of the need to protect an:i 
oansa:ve this OC111Plex environment, which millions depen:i on for their 
livelihood an:i life-style. A number of conservation initiatives have made 
sane progress towards stemming, an:i even reversing, the tide of hmnan 
alteration an:i destruction of valued ecosystem ~ an:i their functions. 

water-level fluctuations, the subject of the 1986 Reference to the 
International Joint Commission, are integral to the Great lakes - St. lawrenoe 
enviroronent, not an outside force .i.np:,secl upon it. Fluctuations are 
especially important to coastal -wetlands, the m:>St productive an:i diverse 
natural ClCll1POnent of this ecosystem. Variations in plant species, which in 
turn provide habitat for a nultitude of animal species, are influenced 
substantially by both seasonal (within-year) an:i lon,-term (bet-ween years) 
c::harges in water levels. Life an:i lan:ifonns found throughout the Great lakes 
- St. lawrenoe coastal zone have evolved under conditions of fluctuating 
levels an:i =ntinue to be shaped by them. Fran the perspective of the 
biCJIX}ysical enviroronent, fluctuations are truly a positive force. Indeed, 
levels ocmparable to the historical rarge are necessary to maintain the 
productivity, diversity, an:i areal extent of -wetlands. 

Erosion an:i recession of the shoreline occurs throughout Im1Ch of the Great 
lakes - St. lawrenoe River coastal zone. For many shoreline types, the rate 
of lag-term recession is largely :inieperrlent of water-level fluctuations, 
although short-term increases an:i decreases in recession rates can result fran 
water level rises or declines, respectively. For sare shore types, recession 
rates are closely linked with water-level c::harges. 'lhe primary cause of shore 
erosion is the energy directed at the shoreline by wind-driven waves. 'lhe 
orientation of the shore an:i its ClCll1POSition are also important factors. As 
with many geano:qnologic processes, shoreline recession is characterized by a 
terrlency towards a state of "dynamic equilibrium" where c::harges in one set of 
causative factors are usually balanced out, especially aver time, by 
corresponding charges in others. 'lhe flexibility of sare portions of the 
shoreline to respond to natural shore processes has been reduced, an:i the 
rwnesses t-hernselves altered, by constniction. 

'1he aquatic cunponent of the ecosystem, due in part to the nd>ility of many 
species an:i their in:1eperrlenoe fran nearshore areas, is generally less 
affected by water-level fluctuations than are -wetlan:i oarponents. However, 
many fish species, for exa:nple, have evolved un:ler conditions of fluctuating 
levels an:i are -well-adapted to them, especially during their reproductive 
cycles. Short-term c::harges in levels due to stonns are probably more 
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significant to the aquatic environment than lon;Jer-tenn charges. water 
quality, degraded aver years by watershed charges arrl waste di.sdiaiges, is 
begirming to recover. 

Considerable uncertainty exists regardin;J the future of the coastal zone 
environment of the Great Lakes - st. Iawreooe system. 'Die extent of continued 
human alteratiai is an on;JOin;J factor. A related concern (because it may 
largely be a result of human activity) is the possible results of large-scale 
climate charge. Although projected increases in tellperature by themselves may 
be significant (leadin;J to m::waient of plant arrl animal species, arrl with 
reduced ice cover in the Lakes, year-nxm::l shoreline erosion), climate charge 
is also likely to result in a reduced net supply of water to the Great Lakes -
st. Lawrence basin, leadin;J to declines in lake levels arrl reduced flows in 
the st. Lawrence River arrl the oonnectin;J dlannels. 

~ charge in the existin;J water-level regime can be expected to result in 
sane type of enviromnental charge. Measures to address the adverse 
consequences of fluctuatin;J water levels have the potential to cause 
environmental charge which, for those measures directly affectin;J water levels 
arrl flows, may be significant arrl even irreversible. For decisions affectin;J 
the future, it is essential to have the best possible infonnation available so 
that measures can be properly evaluated arrl their consequences well 
umerstood. '1he process of environmental iJrpact assessment, developed arrl 
refined Oller the past twenty years, is an inp:,rtant elaient of the decision
makin;J frameliOrk. OUr ability to predict enviromnental iJrpacts depends on our 
knowle::lge of the proposed measures (how, when, arrl where they would be 
implemented) , the environment in which they would be awlied, arrl the physical 
arrl biological processes at work in that environment. Analyses need to be 
perfonned, arrl results presented, in a manner which best ocmm.micates the 
significant infonnation to decision-makers arrl to the p.iblic at large. With 
vast mmts of data arrl the variation in environments arrl prcoesSPs 
throoghoot the system, environmental ilrpact assessment (arrl, in fact, any type 
of inpact assessment) is best performed arrl umerstood in a spatial context. 
Usin;J state-of-the-art technology, Canadian arrl U.S. Geographic Infonnation 
Systens (GISs) have been developed, arrl data arrl process no:iels are bein;J 
inco%p(>rated. '!he GISs will facilitate an integrated evaluation of caiplex 
arrl tmllti-faceted data sets arrl interrelated physical arrl biological 
prcoesses. 'lhey can also be an excellent means of camrunicatin;J results, or 
even of involvin;J the interests in the actual analyses. 

When all is said arrl done, the basic question posed by fluctuatin;J water 
levels is -whether humans will adapt themselves to the Great lakes - st. 
Lawrence ecosystem, or continue to seek further d1arqes in the ecosystem to 
suit their p.uposes. As lon;J as society keeps lookin;J for a solution ootside 
itself (such as "full regulation") , other awroaches, especially non
structural measures which have been recamoemed in previous studies, l:ut which 
still face substantial d:lstacles to effective inplaientation, will not receive 
full oonsideratiai. Functional Group 2 is oonvinced, arrl the initial results 
of the Reference study to date support a oonclusion, that in a time of fiscal 
restraint arrl increasin;J enviromnental awareness, major new lake level 
regulation is years away, it if is attainable at all. It is our belief that 
the q,portunity lies ahead for the human elaient of the Great Lakes - st. 
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I.awrence ecosystem to beoaue more in hantmiy with its natw:al surroundings and 
to move tcMarcls a sustainable way of life for us all. 
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'lhe enviza1ment of the Great takes - st. lawrenoe basin is truly a significant 
resource. 'lhe Great takes constitute the largest freshwater system in the 
world, CXl'ltainllq 23, 000 km3, or almost aie-fifth, of the world's fresh 
surface water. 'Dle basin auworts l'IJiDer0US plant an:i animal species an:i a 
diversity of terrestrial, wetlan:i an:i aquatic habitats. Vegetative 
CXIIIDmities in the basin range fran Carolinian (true deciduals) to boreal an:i 
dune grass CX111Dmi.ties that are constantly adjustin;J to different 
enviralmental an:i water-level ccn:litia,s. OVer 200 species an:i subspecies of 
fish inhabit the lakes an:i diannels, and productive coastal marshes auwort 
many of these fish an:i provide habitat for spectacular intemational 
migratia,s of many waterfowl species. 'Dle shores of the Great takes are 
physically rich, :bearin;J evidence of geological events hunlreds of millia,s of 
years ago, an:l gearmp10logical prncesses of the last 10,000 years, or even 
the last fe., hours. 

'lhe Great Lakes basin is also the hane to 29,000,000 Arrericans an:i 10,000,000 
canadians. Many of these peq,le depen:i directly or indirectly on the Great 
Lakes for enployment, errergy, transport, and pleasure. truman utilization of 
Great Lakes resources, however, is oonstantly chan;Jin;J. Ccmnercial fishin;J is 
relatively less inp::>rtant today than in the late 19th century. On the other 
hand, recreational use of the takes, with a stron;i sport fishin;J oarponent, 
has never been DCre .i.nportant than it is today. For exanple, while only 33 of 
Ontario's 219 provincial parks are on the shores of the Great lakes, they 
ac•, 11+..odate aie-half of total park visitation. 'Dle Great takes unquestionably 
remain a vital resource, an environment in which many peq,le choose to live, 
work an:l play. 

'illile the environment of the Great takes - st. lawrenoe River basin has been 
very ace:, 1111udatin;J of human denan:ls aver the past 300 years, there clearly are 
limits to the degree of chan;Je humans can inpose •,pon this envirornnent before 
serious environmental degradation occurs. I.ocalized water quality problems, 
for exanple, were evident as early as the 1870 1s in Hamilton, and a typloid 
crisis in Chicago in the 1890's prarpted the diversion of the Chicago River 
away fran lake Michigan, the city's water scurce. Extensive deforestation, 
drainage of coastal wetlarr::ls, introductiai of exotic species such as the sea 
l.anprey an:l zebr,, nussel, industrial pollutiai and shoreline modificatiai are 
exanples of human inP1cts that have strained the capability of the Great lakes 
envirtnnent to sustain historic resource uses an:l maintain the ecological 
r...,.,..;;ses and life support systems. 

'lhese an:l other problems have arisen because of oor failure to look beyond 
short-term benefits to uy to anticipate l~term inplicatia,s, both 
beneficial an:l adverse. ilrl.le pop.ilar and political o:,noern for environmental 
glality has grown ill'lnensely in the past w-, decades, action has foa.ised oo 
policy an:l regulatia,s designed to reduce the worst abuses of pollutiai and 
resource el(ploitatiai. Amelioratin;J or mitigatin;J, rather than avoidin;J, 
upacts has been stressed. 
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Few lriCUld questi01'1 the desirability of ~ imefinitely the benefits -we 
pzesently derive frail utilizati01'1 of Great Lakes rescw:oes, or of leavin;J our 
gran:k:hildren the same cpti01'1S for managin;J these reso.irces -we presently 
enjoy. If -we are seriQJS about sustainability, -we 111.lSt alter our min:lset 
about the Great Lakes as l:x,th a J:'EISOOrCB and a hazard, and aooept sane of the 
basic principles of sustainable develcpnent set forth in documents such as the 
"World 0:llseIVati01'1 strategy" (Internati01'1al union For '1he 0:>nservati01'1 of 
Nature and Natural Resolroes, 1980) and the IIBrundt]_aJ'ri 0::mniSSiQl'IH report 
(World Omnissi.01'1 01'1 Envi:ca11.eut and DEM,lcp1&1t, 1987). 

'Jhes& zepozt.; argue for the llElintenance of "essential ecological pmoe::ses and 
life siw:a~ systems 01'1 lfflich human sin:vival and develcpnent" ultllllately 
depen:i. In a Great Lakes ocntext, lake-level fluctuations, nutrient cyclin;J, 
and flushin;J of entiayments may be several of many inportant p'l'\?OWses integral 
to the maintenaooe of p:roductive, genetically diverse and resilient 
envituwwwalo. 

'lhese documents also argue that -we 111.lSt see ourselves as part of an ecosystem, 
and better appreciate the ecological p1:ooesses lfflic:h bin:l. humanity and 
envira1ment. Pu oesses key to the functionin;J of an eoosystern lll.lSt be 
recognized, and human activities adapted to acm.uodate then. 'lhis 
pezspective ninS ocunter to a widely-held view of particular environmental 
pzcoesses as prd:>.lematic to human activities, and that these processes should 
be mxlified to acmmcdate these activities. It begs for a d'lange in thought 
net unlike that forced 01'1 the -world by the "Copeznican Revolution", namely 
that lfflile -we are a part of the envira1ment, -we are net necessarily the centre 
of it. 

In :Riase I of the LJC water revels Reference study, Functi01'1al Group 2 (FG2) 
has ar;plied an eoosystern perspective to descril:>in;J: variQJS terrestrial, 
-wetland and aquatic envira1ments of the Great lakes - st. Iawrenoe River 
system; hew these envira1ments functi01'1, inclu:ling known interrelati01'1ships 
between water levels and flows and these environments; and wilat is presently 
known about the envira1mental inpicts of potential human zesponses to 
fluctuatin;J water levels. '!his has required an assessment of curzent 
undezstamin;J of key envira1mental processes, professi01'1al judgement of FG2 
members, and the initiati01'1 of n.m.erous studies to address sane inportant 
infonnati01'1 gaps. A series of -wo:dtshqls on ooastal processes, ooastal 
management, and -wetlands were organized to draw on the experieooes and 
juaJE91ient of experts outside the IIIE!llt>ership of FG2. OJnceptual m:xiels and 
analytical tools, inclu:ling gecgzaprl.c infonnation systems, have been 
develqied or refined to further our kncwledge of envira1ment features, 
prooesses vn illp!ICLs salient to the Great lakes - st. Iawreooe River system. 

'!his Annex is vi-1 by FG2 as an interim or p1:cgz s report. sane tasks have 
been caipleted, blt sane studies initiated by the Group will nat be CX11Pleted 
for several mcnths. sane time will be necessaz:y to assess .. he :results of 
these studies and iooozporate them into the u-goin;J activities of the 
Reference stlJiy. 



Ql the basis of its -wm:k to date, FUnctianal Group 2 is oonvinced that 
substantial additional DDlific:aticn of the Great lakes - st. Iawrenoe River 
systen is neither justified nor prudent as a strategy to attaipt to cantrol 
the natilral. physical. pzc- iesse:i. In fact, there are substantial question:i 
ab01t whether an artificial dlarge in lake levels will acxx:uplish all that 
might be expected in relief for particular interests, whether the true 
envircnnental. costs might ~igh the expected local benefits, and, indeed, 
whether the mmt of mtlrol that can be achieved will resolve llllCh at all 
ewer the lcn;J teen. We llllSt begin to think in tenns of decades, rather than 
the iJIIDEdiat-e future. 

In the follOWllKJ secticns, 1o1e will describe in sane detail the terrestrial, 
~and and aq.iatic environnent.s of the Great lakes-st. Iawrenoe River system, 
the i:aportant pr:,oesses which keep these environnent.s functionirg, and how the 
effects of fluctuatin; water levels and potential human acticns en these 
envlzcadbel.tts can best be measured and evaluated. We will also diso1ss the 
extent to which 1o1e llllSt leam DDre before evaluation of i.nplcts can be done in 
a meanin:Jfu1 way. '1his leamin; prooess has begun and needs to be p.trSUEld 
vigorously in Riase II of the Referenoe study. Finally, there is a series of 
CXll'IClusicns based on cur collective investigaticns durin; Riase I of the 
study. 
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EUS.rDC J!Nl7IIDN!Hl' a, 'DIE GDT age; - 91'. LllliRIKE RIVl!RSYSD!M 

'lhe Great Lakes-st. Lawrence River system is an extensive, piysically am 
biologically diverse, am significant environmental resource. '!his system can 
be OC11Sidered a series of lakes oannected by ctiannels, includin;J the St. 
Lawrence which is the system's outlet to the Atlantic (Figure B-2-1). 'lhe 
system also can be OC11Sidered to carprise an interrelated am .interdeperdent 
set of terrestrial, wetlam am aquatic environments, all of which can be 
fown on bath the lakes am oonnectin;J ctiannels. In this am subsequent 
sections, the terrestrial envin:annent refers to the shorelams of the Great 
lakes am o.xu ..... tin;i dlannels, rather than to the entire lam area of the 
Basin. 

Sane 15,700 Jan of shore enclose the Great lakes, with an additional 4,800 km 
of shore lining the connectin;J dulnnels. A diversity of shore types, fran 
erosion-resistant bedrock to highly erodible cohesive bluffs is foom on the 
Great Lakes. 'lhe =rld's lazgest lake san::lspit ca,plex, I.on;J J?Oint on Lake 
Erie, was recently declared a biOSEtiere reserve by the United Nations. 

Wetlams are highly productive biological envirornnents at the lam-water 
interface. Wetlams were once extensive alorg the Great lakes shore, 
particularly the lower lakes. Sane 50% of the original wetlams have been 
lost (USFWS, 1988). Presently, about 110,000 ha of wetlam remains, about 63 
percent of which is famd on lakes St. Clair am Erie. 

'lhe Great lakes, themselves, occupy about 244,000 km2 of the 766,000 km2 of 
the basin, ran;iin;J in size fran Lake SUperior, (82,100 km2), to Lake Ontario, 
(19,000 kin2). 'lhe lakes contain a variety of aquatic habitats, fran deep, 
cool, oxygen-rich oligob:q:hic basins to shallow, wann eutrcphic embayments. 
'lhese habitats suwcrt numerous fish species am the nany organisns upon which 
fish depeni. 

To awreciate J1Dre fully the quality, extent am distribution of existin;i 
terrestrial, wetlam am aquatic environments of the Great lakes - St. 
Lawrence River system, an historical perspective on human develcpieu:t am use 
of this system is helpful. Prior to Eurcpean settlepent, it is thrught that 
human illpacts were generally minimal because of the relatively small 
pqw.ation am the lifestyle of native inhabitants. Agricultural lam 
clearances were small am fishin;J was undertaken primarily in connectin;J 
dlannel.s am tributaries. In contrast, sucreedirg generations of Eurcpean 
illmi.grants have had a major illpact on the Great lakes - St. Lawrence River 
system because of agricultural am industrial practices, settlement pattems, 
am other factors. 

As settlement progressed westward an:i northward throogh the Great Lakes basin 
in the 1800s, iJlpacts on terrestrial, wetlan:i an:i aquatic envirornnents were 
urxicubtedly substantial. Deforestation for agricultural pnposes was 
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extensive and IILICh drainin;J of coastal and inland wetlams, also for 
agriculture, occurred. Nutrient release fran soils and soil erosion DUSt have 
been extensive, especially in tr:ibJtaries and ellilayments. Access to fish
~ habitat in streams was cut off by construction of numerous dans. As 
watertlorne transport was ilrportant in these early days, pcpllation growth 
cxn:,entrated at river JD:1Iths and arourn natural hartloJrs. Uzbanization and 
in::lustrialization of many of these pcpllation centres, with little or no 
treatment of danestic and industrial wastes, resulted in degradation of the 
quality of water and aquatic habitat. Uooontrolled harvestin;J of fish, fur
bearers and other wildlife, in aalition to loss and inpairment of habitat, 
ext:izpated sane species and stressed the pcpllations of others. 

By 1900, evidence of degJ:aded terrestrial, wetland and aquatic environments 
was widespread. rutbreaks of typioid fever and cholera i.ere reported in a 
J'1Ulliler of Great Lakes oamunities. ibile attenpts i.ere made to address sane 
fOJ:111S of degradation, the quality and quantity of many habitats continued to 
decline and new threats emerged, for exanple, those posed by a rapid increase 
in the production of synthetic dlemi.cals in the 1950s and 1960s. Reversin;J 
these trends has beoCl!e a priority of goverrments through the 1970s and 1980s. 

2.2 EXIS'l'IlG GREAT !AKES BREE (~) :E2IVIR:IHNl' 

IE9CRIPl'Iaf OF BREE Tn'PS 

'Ihe piysical d1aracteristics of the shoreline result fran the develqmant of 
the Great Lakes region since the last ice age. '1he shores ~e fran high 
bluffs of clay, till, shale and rock, through lower rocky shores and san:iy 
beadles, to low marshy clay flats. '1he northern shores of I.akes SUperior and 
Huron and the 'Ihoosan:i Islands area of the st. tawrence River consist 
primarily of sedimentary and igneous rock which are highly resistant to 
erosion. 'Ihe remainder of the shores however, are mainly c:arp:,sed of glacial 
sediments and are susceptible to erosion, primarily through wave action. 

'1bere are a lll.llllber of specific shoreline types foorrl throughout the Great 
Lakes and which are diso•ssecl throughout this Annex. 'Ibis typology is based 
primarily upon the ~ysi~c nature of the shoreline, which includes 
relief, co11osition, geology and erosion rates. 'Ihe shore types are: 

o Bluffs of variable heights, 0111csed of glacial tills and laOJStrine 
deposits consistin;J of clay, silt, gravel and boulders. In general, 
these shores are retreatin;J due to erosion. In sane cases, bluffs can be 
averlyin;i bedt.c.dc. 'Ibis may have a degree of influence on their 
respective recession rates. 

o San" teeches, which may be in equilibriinn with natural forces, or which 
may be enlargin;J or erodiIKJ, depemin;J on sand deposition patterns and 
sand 61.Wly. a.m,unly, sand beaches are frontin;J extensive dune systems, 
or else caiprise a barrier to a wetland area. 'Ibis type of shore can be 
described as a barrier beadl / mne <Xllplex. 

o Wetlalm, which are low-lyin;J areas, with d1aracteristic vegetation, that 
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are o +iliM ruy protected frail wave actioo by natural offshore barriers, or 
because of nearshcre bathymnetxy. 

o B:lcky' sh.a-, normally cansisting of igneous or se::limentary rock that is 
~ at a very slow rate as a result of freeze-thaw actioo an:l 
chemical weatherin3'. 'Jhese shorelines, except in areas where shale is 
pusent, are not~ significantly. 

o Ia. a:estal plain, which can be described as aey low lyin3' lan:l, usually 
DWKkw, or pasture, that slopes to the waterline an:l is not fraited by a 
beach an:l has no substantial bluff. E>canples of this type of shoreline 
can be found in the ca1l'leCtin;i d1annels (e.g. the st. Iawrenoe River an:l 
st. Clair River) . 

o lJ'man sborellnes, which usually are well annoured, except in those areas 
where p.iblic parklan:l exists. In many cases, road networks, residential 
areas, hart>oor st.Iilctures, industrial areas, sewage treatment plants an:l 
other urban infrastructure are often located on or near the shoreline an:l 
can be subject to storm an:l flocxl damage. 

IAKE Blt' IAKE ~CR 

'Dle followin3' descriptions of the Great lakes' shoreline are based pr.unarily 
oo a m.mt,er of studies iooluclin;J the Great lakes Framework study (Great lakes 
Basin O:mnissioo, 1975), 'Dle Coastal Zone Atlas (Haras an:l Tsiv, 1976) an:l 'lhe 
Great lakes Environmental. Atlas an:l Resource Book (Botts an:l Ktushelnicki, 
1987). 

lake ~ am st. Maeys River Shares 

'Dle northern shoreline of lake SUperior is cut into the resistant rock of the 
canadian Shield. As a result, the majority of the coast is characterized by 
low, resistant rock outcrops with few areas of sediment aocumul.ation. 'lhe 
northwest an:l southeast sectioos of the coast have oarplex shorelines due to 
the erosioo of relatively I.D'lreSistant outcrops that has produced a series of 
large sheltered embayments. 'lhe remainllg coastline is relatively straight 
with ally small bays am headlan:ls. Beaches are scarce, usually occurrin3' in 
embayments, adjacent to river m:iuths. 

'Dle southern shore of lake SUperior is very silllilar, ran;Jll)3' fran steep rock 
cliffs in areas such as the Pictured R=ks National Iakeshore area: to san:ly 
beaches at Whitefish Bay; to low lyin3' clay an:l gravel bluffs near Dlluth, 
Minnesota; to the wetlan:ls of MJnusoorq Bay, Michigan. A substantial bayirouth 
bar encloses the hart>oors at Dlluth, Minnesota an:l SUperior, Wiscansin. 

'Dlere are many islan:ls in lake SUperior an:l the st. Marys River, with Isle 
Royale, an:l SIJ;Jar, st. Ignace an:l Michipiooten Islan:ls bein3' the largest. 
Major urban centres ioolude the grain ports of 'lhun:ier Bay, Ontario an:l 
Muth, Minnesota, am the border towns of Sault ste. Marie, Ontario an:l 
Michigan. 
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lake lficbic:p,n !;bne 

l'el:haps a,e of the most inpz s:sive natural shore types of the entire Great 
Lakes is the lCDJ expanse of sand dunes alCDJ the eastern shore of Lake 
Micru.gan. 'Jhese dunes exten:i fran the Imiana border on the sarthern tip of 
the Lake almost to the straits of Mackinac. '1hey result fran the prevaili.rxJ 
westerly winds lltlich cause an almost oantinuoos washing and ~ of shore 
materials. Wide sandy beaches are ii 1111• At alcng this shoreline, especially 
duri.rxJ periods of low water levels. 

All shore types fQllld alcng the Great Lakes are fQllld alcng Lake Micru.gan • s 
~tel.y 2,300 km of shoreline. IIJdl of this is highly erodible bluff 
and dune alCDJ both the Micru.gan and Wisconsin shores. Most of the non
erodible shoreline exists in the northern section of the Lake alcng the lJWer 
Peninsula of Micru.gan and Door cnmty, Wisconsin. 

Extensive ooastal loletlams cxx:ur alcng Green Bay, Big and Little Bays de Ncx::, 
and alcng drowned river IDCJUt:hs of tributaries clraini.rxJ into the Lake. 

large urban sections of shore cxx:ur alcn;J the southwest shoreline and include 
the cities of Chicago, Illinois and Milwaukee, Wisconsin. 

lake IID:al Share 

'Ihe lake Huron shoreline is very diversified with rocky shores associated with 
the Precanbrian shield ooveri.rxJ the northern and eastern shores, exposed 
limestone dcminati.rxJ the shores of Manitrulin Island and the Bruce Peninsula; 
and glacial deposits of sand, gravel and till predaninati.rxJ in the sarthern 
and eastern portions of the shore. 

Ignecus or limestone rock catprises the majority of the shore fran Sault ste. 
Marie to Waubashene in sarthern Georgian Bay and most of Huron cnmty in 
Micru.gan. Small sand beaches and loletland areas exist in embayments and river 
mooths. 

'Ihe sarthern shore of Georgian Bay and southeasteJ:n shore of Lake Huron are 
characterized by lcng, wide beaches backed by dunes or bluffs at IwerwasJl and 
Wasaga and high and low erodible bluffs with limited beach developnent through 
Huron and I.ani::ltal Ocunties in Cl'ltario. Rocle ootcrcps cxx:ur at Kettle FOint. 

'Ihe northwest.em shore in Micru.gan is mainly rock and boulder with sane high 
bank beaches ext:endin:J l.aniward into rolli.rxJ uplands. 'Ihe eastern shore is 
daninated by sandy beaches backed by low dunes and bluffs. 

Saginaw Bay, a major edlayment, a:,nsists of extensive ooastal loletlands in the 
Inner Bay ~ the shoreline of the ruter Bay is mostly low sandy beaches 
backed by low dunes and bluffs. 

'Ihere are many islands in Lake Huron :raRJIDJ fran very large islands like 
Manitoulin, st. JOEIE!fh, Ooc:ld::mn, Bois Blanc and Drunm:n:i, to the many small 
islets in the "30,000 Islands" of eastern Georgian Bay. 
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st. Cl.air River, I.aka st. Clair and Detroit River Shates 

'Dle shoreline of this regioo is generally low and oansists of soft deposits of 
sand and clay. '.!be shore of the st. Clair River consists of a samy till bank 
1.5 to 5 metres high, tcgied by clay deposits. 

'Dle islands of the st. Clair delta CX11prise almost aie half of the shoreline 
of this regioo. '.!be delta islams are very low and oansist of broad marshes 
growing oo sand deposits averlyin;r a clay be::l. Sane marshes have been dyke::1 
and drained for agriculture. 

'Dle northern and eastern shores of lake st. Clair are preclaninantly marshland 
cm sand beds backed by low clay plains. Extensive areas of the shore have 
been dyked and drained for fllZlllllY3'. 

'Dle sooth shore of lake st. Clair oansists of narrcM samy beadles backed by 
very low flat till plains. '.!be westem shore of Lake st. Clair is 
prabninantly artificial fill for shoreline residential develcpnent. 

'.!be Detroit River shore oansists generally of 1.5 - 5 metre high clay banks. 
'Ihis shore is heavily develcped with many areas of fill and shore protection, 
and incli.des the cities of Detroit, Michigan and Windsor, Ontario. 

I.aka Erie and Niagara River Shates 

'.!be north shore of Lake Erie consists primarily of highly erodible deposits of 
glacial till, with sane sections of clay and sand deposits. At the eastern 
em of Lake Erie, bedrock is e,q:xised at or near the waterline in many 
locations. Except for the rocky portions of the eastern section, and the 
large sand spits at Ft>int Pelee, Ron:leau, and I.on;J Point, m:JSt of the north 
shore of Lake Erie oonsists of soft erodin;J bluffs ran;1in;r fran J to JO metres 
in height. Extensive wetlands exist at creek ~ and behin:i san:ispits. A 
large portioo of these wetland areas at Point Pelee, Felee Island and Ron:leau 
have been dyke::1 and drained for agriculture . 

'Dle sa.rthwestern shore of Lake Erie (Pbu'oe o:iunty, Michigan) oonsists 
primarily of wetlams interspersed with artificial shore types in develcped 
areas. 

'Dle Westem portion of the Chio shore is characterized by wetlams, lOii 
erodible bluffs and erodible plain while the eastern portioo of the Chio shore 
is mcstl.y highly erodible glacial till and soft shale bluffs. 

'.!be Pennsylvania portion of the shore has bluffs ran;Jin;r fran 15 to 25 metres 
in height. In the western portioo, the bluffs consist of silt, clay, and 
granJlar material with shale bedrock at or above water level. In the eastern 
portioo the shale bedrock frequently rises to 10 metres above the lake level 
and .the \JIP!I" part of the bluff is oarposed of silt, clay and granular 
IIElterial. Sand and gravel beadles extern alOn;J the toe of the bluffs. A 
large sand spit, Presque Isle., occurs at Erie, Fennsylvania. 
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'lhe SOitheastem shore of lake Erie is dlaracterized by erodible bluffs 10 -
15 metres high. 'lhe lower p:>rtion of these bluffs is shale overlain by 
U..:X.ClSOlidated material. 

'lhe Niagara River shoreline is ,, .. peed of lCM banks in the~ portion of 
the river am a deep gorge cut throogh sediJDentary deposits in the lower river 
belCM the Falls. Extensive fillirq has oocmred in the Ellffalo area. 

'lhe U.S. shoreline of lake Erie is heavily develq,ed with major w:ban areas 
occ:urrirq at Toledo an::i Clevelam, Quo; Erie, Pennsylvania; am Ellffalo, New 
York. 

I.allBOltarioSbme 

'lhe southwestern shore of lake Ontario fran the Niagara River to Hamilton 
oansists of oansolidated clays, silt an:i san:l.. In the Niagara region, 3 to 7 
metre high bluffs predaninate, while the shoreline in the Hamilton--wenblorth 
region is dlaracterized by low-lyirq sandy beaches. A prcrninent san:i bar 
closes off the -western end of lake Ontario an:i oontains the heavily 
imustrialized Hamilton Harboor. 'lbe northwestern shore from Burlirqton to 
Toronto consists primarily of shale outcrop, =vered with glacial till. 
Cliffs alcn;J this shoreline rarge from 3 to 7 metres in height. 

'lhe -western Toronto shoreline consists of lCM bluffs of san:l., silt am clay 
with narrow san:i am gravel beaches at the toe, while east of the Humber River 
the shoreline is low-lyirq but well protected by a seawall and breakwater. In 
the central part of the Toronto shoreline, sandy beaches form Toronto Islam 
an::i close off Toronto Harboor. Extensive fillirq has oocmred in the Toronto 
region with the creation of artificial headlan:is and spits. Fast of Toronto 
Islam are the erodible Scarboroogh Bluffs which rise 90 metres above lake 
level. 

Fran scartx:>rough to Presqu • ile Point the shoreline material is predc:minantly 
silty san:i an:i bclllder clay. Here the shoreline is mainly lCM bluff with 
beadles an:i marshes occ:urrirq at the !IDlths of rivers an:i creeks. 

'lhe eastem shore from Prince F.dward CCAmty to the st. lawrence River is 
mainly bedrock am therefore not readily erodible. San:i beaches an:i marshes 
oocur in low-lyirq areas. 

'lhe Sa.Ith shore of lake Ontario in New York consists generally of bluffs of 
glacial material rarqirq from 5 to 20 metres high. Narrow gravel beaches 
border the bluffs which are subject to erosion from wave action. UM marshes 
are interspersed anaq the bluffs in several places. 'lbe shore in the 
vicinity of Rl:dlester an:i Iromequoit is marshy, with san:i an:i gravel barrier 
beaches separatirq the marshes and open pon:ls from the lake. 'lbe shoreline 
from Sodus Bay east to Port Ontario is a series of dnunlins am dunes 
separated by marsh areas. 'lhe eastem shore oonsists of rock ootcrq::pirqs 
interrupted by only a fe,, pockets of beaches an::i marshes at the inner ends of 
deep bays. 
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st. Iawnn:e River Sham 

'Jhe :i.nt:ematiooal readl of the st. Iawrenoe River flows over bedrock an:i 
oa,sequently the shores are rocky an:i noo-eroclible throogh this readl. 'lhere 
are many small islan:ls in the ui;per portion of the river. 

Further downstream, between Cornwall an:i Mcntreal, the shore is generally low, 
within 5 metres of the low water plane. 'Jhe shores are primarily clay with 
till Qltc[qlG. Reck cutcrqis occur at Mcntreal am wet.lams are famd in low
lying areas arcuni Iac st. Francois. 'Jhe Mcntreal - cornwall section consists 
of three expansions: lac st. Francois downstream of Oomwall, lac st. la.1is 
upstream of Mcntreal am the Iaprairie Basin adjacent to Mcntreal Hartlour. 
'Jhe 0:11:eau ani Beauhanx:lis dams and the Iadline rapids separate Iac st. 
Francois, lac st. la.lis, ani the Iaprairie Basin, respectively. 

'Jhe st. Iawrenoe River inpact:s on levels and flows on Iac Des Oeux J\bltagnes 
and the Back Rivers that surrtU'd the Islam of Montreal. Extensive dykes 
exist alag these shores to protect low-ly.ll'l1 urban developnent. 

Downstxeam of Montreal the shoreline oonsists of clay banks overlain with sani 
and silt. 'Jhe banks vary fran a metre high in marshes aroun:l Iac st. Pierre 
to abalt 5 metres at Ianoraie. 'Jhe river oontains a series of islanis between 
Mcnt:real. ani Ianoraie, a deep section upstream of Sorel, a delta at the~ 
end of lac st. Pierre, Iac st. Pierre itself ani another deep section fran the 
outlet of lac st. Pierre to Trois Rivieres. 'lhe shores of Iac st. Pierre are 
marsh or low farmlani. Downstream of Trois Rivieres the river deeper« ani 
water levels are predaninantly affecte::l by tides rather than by st. Iawrence 
River nows. 

2.3 EXISTJH; GREAT IAR!S IEl'UIND nw.tllHIENl' 

Wetlams (marshes, swanp;, bogs and fens) are defined as lams where "the 
water table is at, near, or above the lam surface lag enoogh eadl year to 
SlJRX)rt the fomation of hydric soils ani to SU}:POrt the growth of 
~. as long as other envircn1ental variables are favorable" (cowardin 
&Jll., 1977). Coastal wet.lams are the most productive ani diverse ocmponent 
of the Great lakes - st. Lawrence ecosystem. Productivity includes energy 
cx:nversion ani ~ of diverse flora ani fauna. 'lhe productivity, 
biological c, 111cisition, and size of the lower Great lakes shoreline wet.lams 
are a reflection of the lag-term water-level ngime. Coastal wetlanis are 
the prilllarY type of fish ani wildlife habitat in the Great lakes system and 
these areas and other shallow areas are where lake-level chan;Jes have the 
greatest ecological effect. 

li!SUUPi'luf Cll' liETlAND TYHS 

Descriptions of seven wetland types as presented in the I..ake Erie Water level 
study (Intematiooal I..ake Erie Regulation study Board, 1981) are given below 
and illustrated in Figure B-2-2. F.adl wetlani type is described by its 
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piysical am vegetatia1al features. Although each wetland is 
unique, water level dlanges have resulted in the foll=~ general 
vegetatia1 dlanges in the different wetland types: 

o (p!ll &IJareline ~ usually exist as a llytlrqtlytic vegetatia1 fr~e 
adjacent to the shore. 'lhat fringe has expanied inland or lakeward 
in respaEe to lake effects such as wave action. 'lhe daninant 
vegetatial is usually emergent, but subnergents can also be pi: ;sent 
and do oot necessarily border on a shoreline. Exanples of this 
wetland type are the oorth shore of the Inner lag Point Bay a1 Lake 
Erie am sectia1S of the Detroit River shoreline in the vicinity of 
Figh~ Island. 

Iaq-tmm lower~ of the lake level has resulted in a corresp::n:lirr;r 
shift of the vegetative fringe. 'lhe am:lW'lt of lakeward shift 
depends a1 the battan slq,e. A shoreward zone of vegetation is 
llSIJaUy left chy. 'lhe lakeward shift of vegetation has tenninated 
wherever ·the water becane too deep for rooted plants to survive or 
the substrate was unsuitable. Dir~ long-tenn lake level rise, 
there cn111--ll.y has been a shoreward shift of the vegetational 
fringe. Die-offs have occurred in water that has beoa,e too deep, 
but this has been offset to sane degree by pioneer~ vegetation on 
the inshore side of the old fringe that has beoa,e inun::lated. ~ 
the backslq,e was too steep, high water levels have eradicated 
anergents in q,en shoreline wetlan:ls. 

No shoreward shift can oocur if alternate land use has already taken 
place (e.g. per.ineter roads or highways, cottage or suburban 
developnent, agriallture or in:iustry). In many cases, such 
&!velc.pueut has been the standard and lilldl wetland has been lost. 
'lhe sane caveat also holds for each of the exanples foll~. 

o 1.h:'est:rict.e bays are ctiaracterized by a marshy fr~e alon; a bay 
shoreline, but these sites are affo:cded sane protection fran such 
lake effects as wave action. Depending on its size and depth, the 
liltlole bay ocw.d be vegetated. SUbnergents can be a part of those 
vegetative acmDmities. '1his wetland type also includes typical 
q,en shoreline areas that are sheltered by an island or peninsula. 
E>canples of this wetland type are the un::liked section of the Ruhe 
Marsh of the Detroit River, and Bald Head Beach Marsh (Wellers Bay) 
am Black River Bay on Lake critario. 

Water-level dlanges have had effects on this wetland type similar to 
these described umer "q,en shorelines". For wetlan:ls located in an 
already shall= bay, lower~ of water levels has created a 
cc:nlitia1 encoorag~ dense emergent gr'Olrith. A rise in the lake 
level has thinned alt intolerant vegetation, and, when the backslq,e 
of the site was gentle, there has been inshore establishmant of 
piaieer vegetation, as long as that natural terrain was available 
for wetland develcpnent. If the backslq,e was steep and the water 
level too high, there has been no inland pioneer~ and the 
vegetation has been eliminated. 
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o Shall.aw slcpiDJ bead1 wetlands are areas with very gentle to alm::ist flat 
slq:,es en san:i substrates. Very small variaticns in lake levels 
have had widespread effects en vegetatien zcnes. San:!. bars, if 
pus at, provide sane wave protec:tien. 'lhe large san:i spit 
fmmaticns of lake Erie, I.cn;J FOint, Presque Isle, FOint Pelee, and 
FOinte aux Pins, axistitute 11¥:lSt of this wetland type. 

A lClliierlJ'q of lake levels has usually produced extensive areas of 
dense E!IE%gel1ts in this wetlarxi type. At extreme low levels, large 
secticns of OC11Pletely dcy substrate have been evident. High levels 
tend to prcduoe a :more qien wetland. Vegetatien that cannot adapt 
dies off. 1h!Il high water-levels have been maintained f= lc:n;J 
periods, plant associations ~. with nuch of the area 
SIJRX)rtiDJ extensive beds of sul:lllergents and floatlll)-leaved 
aquatics. Because of the gentle slqie of the landform, slight 
fluctuations resulted in vegetative shifts CNer large areas. 

o River deltas are low islands and shallow zones fonned by sed.ilnentary 
deposits at a river mouth. 'lhe normally gentle slqie allows the 
extensive shi:ftin;J of vegetation zones when water levels fluctuate. 
'lhe cnly '"'8tiands identified as this type are the large st. Clair 
River delta alc:n;J the northern edge of lake st. Clair and the mouth 
of thP SaJJDOJ"I River on eastern lake Ontario. 

ID,T water levels have caused a lakeward shift of vegetation zones, 
while higher water levels usually shift vegetation zones lan:lward. 
DikiDJ to nanage wetlands has increased dud.J'y;J low water periods 
(e.g., Walpole Islam Delta). DikiDJ has prevented the natural 
shiftiDJ of vegetation zones CNer 111.lch of the wetland. Many of the 
ranainiDJ UJniked areas have a steep backslqie (dikefaoe), and, 
therefore, vegetation zones cannot shift lan:lward, althoogh the 
lakeward shiftiDJ of vegetation is still possible. 

o Restricted riverine wetlands are dlaracterized by marsh vegetation 
borderiDJ a river course. 'lhe extent of the vegetated wetland is 
often restricted by a steep backslqie on the lan:lward side and the 
d p=::- water of the river channel on the other. 'lhe Grand River 
Marshes, the F0rtage River Marshes arxi the Sarrlusky River Marshes of 
lake Erie are exanples of restricted riverine '"'8tiands. 

SpriDJ floodlllJ occurs mre on riverine wetlands than others. 'lhese 
wetlands are partially or wholly protected fran lake disturbances, 
mt spriDJ and early SUIIIDeI' floodlllJ have been intensified by high 
lake levels, arxi greater interspersion of vegetation and qien water 
has resulted. With lower lake levels, the wetlarxis have terned to a 
drier state durinJ EAIJJIDE'r and fall, except duriDJ short-term rises 
in the river levels. 

o i..Jce-oui■P ted inland ~ are typified by the presence of a barrier 
beach = ridge that restricts the a.itlet to the lake and also 
provides protection fran wave action and other disturbances. SUch 
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wetlands can have a definite steep backslcpe or a gradual slope 
permittin;J sane shiftizq of vegetation zones with dlan;1es in water 
regime. 'lhis type of wetland will have a cainec:tion to the lake, . 
b.rt: a stream or grcundwater disdJarge fran its drainage basin cculd 
also oc:ntrib.Jte to its water 5UWly. 'lhe Big Creek/HOliday Beach 
Marsh and Hillman Creek Marsh ai Lake Erie, and Oshawa Seocni Marsh, 
Deer Creek Marsh an:i Sanely Creek Marsh on Lake Ontario are exanples 
of this wetland type. 

Because they ten:i to be situated in bowl-shaped basins, lake
mu:a:ted inlan:i wetlands have tamed to develcp toward a m:>re 
"closed state" during extemed periods of lCl'il water. 'lhe presen:ie 
of a barrier beach has prevented the lakewaJ:d shifting of the 
wtland an:i there has i:-t a greater daninanoe by emergent 
vegetatiai, especially in a marsh with no feeder stream. In cases 
Mlere the cutlet to the lake has closed because of lower lake 
levels, stagnation has increased due to the reduced water 
circulation. High lake levels have eliminated all or a good portion 
of the emergent vegetation, especially if the wetland backslcpe is 
steep, or the water increase extreme. In instances with a ncre 
gentle -Uand backslcpe and a less severe increase in water level, 
a m:>re typical shift of vegetatiai zaies has occurred. 

o Protect.ed wetlands in::lude both diked wtlan:is and those separated fran 
the lake by an unbroken natural barrier beach or ridge. 'lhe natural 
wetlands and sane of the diked wtlan:is cx,tain their water fran 
inlan:i groundwater disdiarge, streams, and, at times, fran the lake, 
lltll!l'l the -Uand floods during stonns. 'lhere is sane seepage of 
water thrOJgh dikes, which can be magnified by extremes in lake 
levels. 

'lhe diked, managed -Uan:is of the eastern Lake st. Clair and 
'W8Stem Lake Erie shorelines and Cranben:y Marsh, !'Ort Bay, Beaver 
Creek and :Red Creek Marshes on lake Ontario are exanples of 
prctected wtlan:is. 

Lower lake levels have led to lower water levels in the naturally
prctected marshes, erxnJraging denser emergent growth. In the diked 
marshes, lower lake levels have necessitated ncre punping to 
alleviate effects, and have thereby increased management costs to 
the owners. High lake levels have produced high water levels in 
both the natural an:i diked marshes due to se rage fran the water 
pr sure differential on the dike. Olr~ing of dikes and barrier 
beaches during stonns has caused increased flooding. l:m'ing high 
water years, managed diked marshes have required less punping time 
to maintain water levels conducive to productive interspersion of 
vegetatiai and open water. However, extreme high levels have 
resulted in breaching of dikes and costly repairs. 
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llfllFJfflRD!S: JKDf1' AN[, WSJRI.HJJ!.b.11 OF se:m:t.lNE 'll£l'IANm 

0:llpilation of various reports, primarily the lake Erie water Level study 
(IntematiCllal lake Erie Regulatial study Board, 1981) an:l Herden:lorf ~
(1981a), in:licate an ;q:proxilnate total of 110,000 ha of wetlan:ls alorg the 
shoreline of the Great Lakes. 'lbe freshwater portial of the st. Lawrence 
River in the Pravinoe of Quebec (fran lake st. Francis da.mstream to cap 
-n,,n,...tte) ocntains a total of 37,735 ha of wetlan:l habitats (I.an::ls 
Directorate, 1986) • Table B-2-1 presents a breakdown of the lower Great lakes 
wetlams by wetlam type (IntematiCllal lake Erie Regulatial study Board, 
1981) and Table B-2-2 prc,vides an estimate of the U.S. wetlan:l acreage. 
Figures B-2-3 to B-2-9 pr es ant the distril:Jution of shoreline wetlan:ls. 
Figures B-2-3 and B-2-5 do rxit shoii canadian wetlan:ls al lake HUron an:l 
SUperior. However, Figures B-2-10 an:l B-2-11 pz;s;n': the locatial of sane 
llp()rtant Canadian wetlan:ls al these Lakes. 

VAIDl!S AND J!OJLCGICAL FUNCI'ICIIS 

Great lakes coastal wetlan:ls are highly productive, diverse camrunities which 
interface beboeen terrestrial an:l aquatic environments an:l are often lllOre 
significant, in texms of ecological functions perfo:cmed an:l resources 
produoed, than inlan:l wetlan:ls (Gloosc:henko, 1985). About 14% of all ontario 
wetlan:ls evaluated have been classed as provincially significant (Gloosc:henko, 
1985), 'While 28% of lake Ontario wetlan:ls, 85% of lake Erie wetlan:ls an:l 
alJIDst all lake st. Clair wetlan:ls are prc,vincially significant (Gloosc:henko 
~-, 1989). 'lbe 111:lSt obvious an:l unique feature of these wetlan:ls is their 
dlaracteristic vegetation, which provides a diverse catmlllity structure 
offerirg a:Ner and food for the animal oaiponents of the system. Because of 
the ability of this vegetatial to slow the flow rate of water passirg through, 
wetlan:ls are valuable for erosion control, trawin;J sediments before they 
reach the q,eri lake, an:l attenuatirg the force of waves to lessen their 
destructive power. 'lbe sane vegetation provides a natural pollution abatenent 
mechanism by sexvirg as a filter for coastal tributaries through the reduction 
of the quantity of nutrients an:l toxic pollutants beirg washed into the Great 
lakes. 

rurirg the past decade, CX111Siderable research was carried out~ the 
function an::l value of wetlan:ls. Inp:>rtant general soorces include Messman ~ 
Al,., (1977), GI on~., (1979); Tiner, (1984). In reference to the Great 
Lakes, significant contributions 'Wel:'e made by Ja1"0rski an:l Ra:i;:hael, (1978); 
Tilt.en ~-, (1978); ~ am Ja=rski, (1979); Ja1"0rski, (1981); 
Herdendorf ~-, (1981 a,b,c; 1986); Whillans ~-, (1989); Gloosc:henko 
~-, (1989). 

Wet1an:1 functions are these processes ocx:urrirg in wetlan:ls which are 
assooiated with the fun::tionin;J of the ecosystem or with the hydrosystem. 
Exanples of sudl fllnctions are primarY production am water storage. In 
0altrast, wetlan::l values are these wetlan::l products or sexvioes which satisfy 
a human need. 
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DIIIB B-2-1: IBl'IM> ARPA <F 'l'IE UN!R GIIEM' IAKl!S BlC le'l'IMD 'ftPE All> NM.'l!R 1!Cm .i1RFA IN ~ 

1,0pon 2, l.breetricted 3, Shallow Slopine 4. Ri""" Delta 5, llestricted 6. - 7. Protected Total 
Ba.y - Riyerine Inland Irr. Cl-UR RIVIIR 

Canada 221 
~i ted Sta tee 

15 236 

Total 221 
LAD ft. gi611 

15 236 

Canada 2,788 16,824 28 12,563 32,203 
~i ted Statee 125 5,848 56 298 3,805 10,132 
Total 2,913 22,672 84 298 16,363 42,335 

iMlii.)U: RIVIIR 
Canada 600 123 98 633 1,454 
~ited Statee 125 136 260 
Total 725 258 98 633 1,714 

tp IMI RRIR 
Canada 516 141 18,195 2,313 5,221 2,637 29,023 

"" ~ited Statee 2,005 1,618 374 1,569 510 18,236 24,312 ..... 
Total 2,521 1,759 18,569 3,882 5,731 20,873 53,335 

IIINJARARIVIIR 
Canada 
~ited Stat.ea 57 12 197 26 292 
Total 57 12 

LAD !l!IAl!IQ 
197 26 292 

Canada 1,114 6,353 534 6,035 4,484 590 19,110 
~ited Stat.ea 280 1,721 90 919 4,401 5,901 13,312 
Total 1,394 8,074 534 90 6,954 8,885 6,491 32,422 

ST• ~ !Ill g 
l!M!! 

Canada (~t.) 6,910 3,965 1,917 1,333 23 14,148 
~ited States 1,029 1,357 1,609 2,828 455 7,,276 
Total 7,939 5,322 3,526 4,161 478 21,426 

:mml,'I 
Canada 12,149 ·10,582 18,729 16,824 10,391 11,053 16,446 96,174 
~ited Stat.ea 3,621 4,823 1,374 5,933 4,153 8,234 28,423 55,586 
Total 15,770 15,425 19,103 22,762 14,544 19,287 44,869 151,760 

Source: ILl!RSB, l!l81 



'l7oBlB B-2-2: CXJllellWUI OF an'JK) S8.IMES <XlllS'l7,L IElDINIE RR 'DIE FIVE GREAT IARES 

Ho. of l'leta,ul vf SgJaJ:e Miles Total Ho. l'letueul of 
I.ake Wet:l.ards Total Ho. of Wet:l.ards of .Acr:es Total Ama 

I.ake SUperiar and 
st. Muys River 348 25 103 66,175 22 

I.ake 'Mjcfligan 417 30 1B9 121,230 40 

I.ake JIJral, Lake st. 
Cl.air, and SL. Clair 
River 197 14 110 70,245 24 

I.ake Erie and 
Niagara River 96 8 32 20,038 7 

I.ake OtLario and SL. 
Iawrenue River 312 23 32 20,797 7 

1370 100% 466 298,485 100% 

Source: Herden:iorf ~- , 1981 
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FIGURE B-2-3: <XWmU. liEl'IAliOO OF YAKE SOP13RICR 
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FIGlRE B-2-4: <DllSmL Nfi'IANllS OE' JAKE MICHIGIIN 

Source: Herdendorf et al. , 1981 
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Source: Herdendorf et al., 1981 
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FIGDm B-21: rmirm1. IEl'L¥IB C. IME sr. aAIR 
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FI<Dm B-2-7: <nllmAI. Nft'L1NE <F tAU llllE 

N 

t 
ONTARIO 

Rondeau Bay 
LAKE ERIE 

,,.-----CLE¥llAND 

Long Point 

PrHO•'i1l1 

ERll 

UNITED STATES 

O 10 ZO JO 40 50 60 10 Kll-•lrH 

0 10 20 JO 40 50MJte1 

Source: ILERSB~. 1981 
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FIGURE B-2-9: a:wrrAI. NBTLARDS OP TIIE liit&UL..:cmL l'CRl'ICB OP 'DIE S'f_ L,w£filW RlVl!ll 
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FIGmB •2-10: IMPORTANT WE'1'LANDS - NATURAL BBRITNJI.I! AREAS - DI LAKE 
Slll'l!RICR, Ol'DIRIO 
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:rn response to Secticn 404 ard other pennitting authority, the u.s. Army O:>rps of 
EB;Jineers (Reg:,ert ard Sigleo, 1979) develq;,ed the foll~ list of wetlard functions 
ard services: 

a. Natural biological functions 

1. net primary productivity 
2. fOOI;} chain (web) SI~ 

b. Habitat for acJ.l!ltiC ard wetlard species 

c. Aq.Jatic study areas, sancblaries ard refuges 

d. lf.Ydrologic support functions: 

1. shoreline protection fran wave attack 
2. storage of stonn ard flOOI;} waters 
3. water purification throlgh natural filtration, sedinent-. 

u.q:pin;J, ard nutrient cycl.i.rg/uptake 
4. groondwater recharge 

e. 0.lltural or auxiliary values inclu:iliY;J consunptive ard l"IOllCOllSUl!pive 
recreaticn as well as aesthetic value. 

HUIIIIRlr IKUJCl'J:Clf AND DIVm.srlY 

Although shoreline wetlands are the DDSt productive areas of a lake, the 
transfer of products fran a wetlard to the lake's seooooary production is 
dependent on the physical nature of the water passageway. 'lhe cperation of 
such a pass9ara.y is often affected by the water level. 

Primary production of lake--influenoed wetlands is depen::1ent on a nuniler of 
factors inclu:iliY;J seasonal teq;,er,,,tures, substrate, water levels an::1 nutrients 
in the water. Although infonnaticn ~ the levels of primary 
production of the wetlands for each of the Great lakes is not available, it 
seems that primary production may show a general increase downstream in the 
system. For exanple, Et1wards &..Al,. (1988) calall.ated the estimated primary 
production of each of the Great lakes' oonnectin;J channels. 'lhe international 
readl of the st. Iawrenoe River, which is the furthest dcwnstream ard receives 
mcst of its waters directly fran Lake Cntario, was fow-.:1 to have the highest 
primary producticn of all the oonnectin;J channels, with the levels of 
producticn generally decreasin;J upstream. since the nutrient rich waters that 
bathe the wetlards of the st. IAWJ:enOe River also bathe the wetlands of lake 
Cntario, an::1 the other oonnectin;J channels receive their water fran the 
upstream lakes, similar levels of producticn rates ooold be EDCpeeted, although 
m:>qh:metric factors such as exposure cx:nplicate cx:nparison. 

A rather detailed spatial an'! w11oral cx:nparison of the primary production of 
two lake Cntario wetlands indicates significant differences. 'lhe difference 
in production beb.-n sites (Sage Creek versus C'anpbell) are explained by the 
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diffm:e11oes in the dcminant plant species. However, plant daninanoe is 
prc:bably related to gea1Drp10logical conditions at the two sites. '1he 
difference in the level introduction at the same sites between years (1974 an:l. 
1980) is prc:bably related to variations in water levels, tenperature, an:1/or 
light intensity. 8lsch an:l. Lewis (1984) fc:urd that water-level variations 
caused a najor shift in the size of specific plant oamunities/species in 
these marshes. Geis (1979) reported that hydrqlericxl. nay be the most 
:i.nportant variable in clef~ the extent, species CXA1position, an:l. stability 
of Great lakes wetlan:l.s. 'Jherefore, calculations that tzy to estiDBte total 
priDBry prodllction of the wetlan:l.s for a lake system fran a ver.y limited 
nmber of study sites, have a strag c::han:,e for error due to the spatial an:l. 
tenporal variability in priDBry production of wetlan:l.s. 

Herden::Jorf ~. (1981 a,b) provided a oc:uprehensive literature review of the 
fish an:l. wildlife resooroes of the U.S. Great Lakes wetlan:l.s. 

Herden::Jorf ~- (1981c) also described the resooroes of Lake Huron an:l. the 
ecology of Lake st. Clair wetlan:l.s. '1he Lake Erie Water Level study 
(International Lake Erie Regulation study Board, 1981) presented a sumary of 
the values an:l. functions of the lower Great Lakes an:l. Whillans et al. (1989) 
provided infonnation for Lake Ontario. Glooschenko et al. (1989) described 
the values an:l. characteristics of those Great Lakes coastal wetlan:l.s evaluated 
using Ontario's wetlan:l. evaluation system. (Environment canada an:l. Ontario 
Ministry of Natural Resoorces, 1984). 

An· ilrportant function of wetlan:l.s is fish an:l. wildlife habitat. Many fish 
species are clepen:1ent on wetlan:l. habitat for parts of their life cycle, such 
as spawning an:l. resting. 8lsch an:l. Lewis (1982) reported 20 species that used 
a Lake Ontario wetlan:l. for spawning or as a nursery area. Herden:iorf an:l. 
Hartley (1980), using infonnation fran a number of sources, listed 24 species 
of fish that c:x::mm:>nly spawn in wetlan:l.s. In addition, the wetlan:l.s are used 
for feeding. Herden::Jorf (1982) has noted that coastal wetlan:l.s are quite 
inp>rtant for transfer of nutrients an:l. energy via the e)(pC)rt of Yoon:J-Of-the
year an:l. forage fish. As nuch as 90% of the stan:l.ing crop of Lake Erie 
coastal marshes is forage fish. '1he most definitive researd1 on fish spawning 
an:l. nursery use of Lake Ontario wetlan:l.s was conducted by stephenson ( 1988) . 
In the marshes that she studied, she fc:urd that 32 species, representing 89% 
of all the species present, used these shoreline marshes for these p.ll:pOS8S. 

'1he wetlan:l.s of the Great Lakes provide critical habitat for waterfOW'l, an 
international resc:urce. In Ontario scuth of the extensive James Bay lowlan:l.s, 
the most critical wetlan:l. habitats for migrating waterfowl are associated with 
the shorelines of the lower Great Lakes (Dennis an:l. Qianller, 1974; Dennis et 
Al,., 1984). '1he wetlan:l.s of Lake st. Clair, western Lake Erie an:l. lan;J Point 
Bay cn lake Erie are exanples of wetlan:l. areas of critical international 
inp>rtance. In addition, wetlam habitat alon;J the st. Lawrence River (shore 
swanp an:l. tidal shore marshes) is also extremely inp>rtant for waterfOW'l, 
incl~ Greater SJXJW Geese, an:l. shorebirds (Glooschenko an:l. Grondin, 1988). 
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'Jhe North American Waterfowl Management Plan (United states Deparbnent of 'lhe 
Interior and Envixanment Canada, 1986), a u.s.-canaaa docunent signed .in 1986 
and dedicated to the oanservatioo of North American waterfowl, has identified 
the lower Great lakes - St. Lawrence basin as a,e priority habitat area. One 
goal of the Plan is to protect 24,000 aa:litiooal ha of breedin3 and migration 
habitat in the Great lakes - St. Lawrence lowlands in Canada and 4, ooo 
adiltiooal. ha in the united states . 

.Accx>rdiJ'q to 'HlnmeJ (1981) , 42 bud species are totally dependent a, Sart.hern 
Ontario wetlands, 26 bud species are partially dependent, 16 lllalllllal species 
are heavily dependent, and 20 reptile species are heavily dependent a1 these 
same wetlands. 

Gloosdlenko .m;__aJ,. (1989) dcx::urnent- the oocurreme of endan;Jered, threatened, 
and rare species for canaclian coastal wetlands. Use by rare birds is best 
dcx:urnented, although a good deal of infonnatioo exists on rare herpetofauna, 
fish and plants, includin;J Great Lakes eniemic plants. 'lhe -wetlands of lakes 
Erie and St. Clair are notable for many plant species rare in Ontario, sane 
be.irq at the northern edges of their ran;Je&. Wetlands alon;J lake Huron and 
Georgian Bay possess a nuniJer of the plant species eniemic to Great Lakes 
shorelines. 

1i£l'IANllS AND wam (1]1,L1.'lY 

Wetlands affect the nutrient status of inflow.irq water. 'lhis occurs because 
of the filter.irq effect of litter, saturation of suspended load, adsmption of 
nutrients to sediments, precipitation of dissolved and suspended material to 
the sediJnent surface, bacterial denitrification, and biological uptake 
(Kadlec, 1981). Vegetation wcwd not be czq.,ped (human activities) in natural 
marshes, thus nutrient oantxol attrib.Itable anrrually to new plant material 
wcwd be relatively minor. ~y, this ooly affects a small prcportion 
of the uptake by plants. 

H:>re cartroversial has been the question of net nutrient export fran a 
wetland, especially a,e connected closely with a Great lake. Rlc:h of the 
nutrient retentia, by wetlands is attrib.rt.able to storage in sediments 
(Kirg, 1985). Sediment transport is related to wetland size and shape; irore 
protected wetlands wcwd export less, b.It as lon;J as wetlands are sediment 
sinks, nutrients aoamulate (Kaiser, 1985). lake Ontario, especially, is 
subject to high water-level fluctuations (daily, seasooally, and long term) 
that affect all lacustrine wetlands. Nixon (1980) argues that tidal marshes 
umergo tide-influenced nutrient fluxes. Sager~- (1985) suwcrt this for 
the Great lakes, explain.irq that marshes inport dissolved, oxidized forms of 
nitrogen, cartx:Kl and~ and export dissolved, redlXled and partiaJlate 
fonis. 

'Jhe effect of wetlands a, more persistent pollutants (metals) is of 
CX11Siderable interest, given the p.iblic cxn:em aboot this subject in the 
Great lakes basin. M.x:h of the attention is directed to the influences of 
soil and sediment: and uptake by roots or animals in close oontact with the 
substrate. Organic soils -were found to reduce the inpact of metals such as 
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magnesium, ircn, an:1 manganese in a swanp in Prince Edward 0:llnty, ontario 
(creasy ~-, 1981). SUl:tnerged plants in lake ontario marshes tend to have 
higher calC811tratiais of metals than emergent plants (!tlrdock, 1981) , the 
roots hav.in;J the highest within-plant oonoentratiais (Taylor am Ct't::li«ler, 
1983). 

M::>re inp:>rtant pemaps, is the effect of vegetation on secliJnent mobility am 
:resuspension of oantaminant-laden sediments. For exanple, in 5eoand Marsh, 
Cl'ltario, the late winter cJec, u1osition of emergent plants is associate:i with 
the loss of lletals, presmebly to the sediment (Greig, 1987). Metal 
ca.::,eutratiais in this am other lake ontario shoreline marshes are Jcoown to 
be elevate:i. Experien::les else.tiere in lake ontario am the Great Lakes 
demcustrate the problem of sedi~ sueperc;ion that results fran loss of 
acpatic vegetation (Hannah an:1 Associates 1984; Hamilton Harl:oJr Remedial 
Action Planning 0:lllnittee, 1988). 'Dle seasonal benefits that -were diso•ssed 
with respect to nutrient uptake by vegetation ocw.d also awly to friction
relate:i sedimentation of oantaminants. 

IDWf t.EE OF Wl!:l'U\NC6 

Fran the unite:i states am canadian research that has been done, it is evident 
that Great Lakes shoreline wetlan::is are used for a rarge of activities 
including sportfishing, waterfowl hunt.in;J, traw.in;J furbearers, water supply, 
a- cutt.in;J, nature st:ooy, public school usage, hiking, sncwrncbil.in;J, cross
country ski.in;J, canoe.in;J, an:1 for privacy of individual marsh owners/residents 
(Bardecki, 1982; 1984). 'Dle relative eoonanic values am peroentage of 
en;iagement in such activities can be seen in Table B-2-3. '!his table <X1!pireS 
figures fran Jaworski am Raphael •s (1978) Midrigan wetlam st:ooy, 
Kreutzwiser's (1981 a,b) st:ooy of a lake Erie marsh am Bardecki's (1984) 
st:ooy wdl included lake marshes in Soothern Ontario. Valuation of these 
different human consi.mptive am non~ive uses is not an exact science 
as can be seen by the variation in the data. 

2.4 ElCISTDC GREAT I.AKES Kl]ATI.C .l!JNIR:Hll!ffi 

<MmYnJi OF ulRRENJ.' S1MtB 

'Dle Great Lakes represent the largest oonoentration of fresh water in the 
world. In spite of their vast size, the lakes have proved to be wlnerable to 
envircnnental ctian;Je. 'Dle current status of Great lakes water quality am 
habitat reflects these iJlpacts an:1 past an:1 present efforts in pollution 
abatanent an:1 habitat restoration am rehabilitation. 

'Dle major issues ocnoerning the Great lakes aquatic environment today are 
eutrcptl.cation, toxic oantaminants an:1 habitat quality to support an 
ecologically balaooed am healthy biological CXIDIUnity. A general overview 
for all of the Great lakes is presented here follo,,,ed by a more detailed lake 
by lake m nnmary. 
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sport fi.shin;J 

waterfowl hunt.in; 

trai:Pin;J 
fumearers 

llCllCOl'lSUllpi ve 
& nature study 

soie recreation 
(hikin;JI 
soowmobilin;J) 

caooein;J 

ice skatin;J 

water suwly 

tree a.rt:tin;J 

CXIIIIPJ'T'ial fi.shin;J 

privacy 

Michigan Qlastal 
Wetlams study 
(Jaworski am 
Raplae]., 1978) 
value per wetlam 
hectare 1977 
for 42,839 hectares 

286.00/706.71 

31.44/77.17 

30.44/75/72 

138.24/341.59 

3. 78/9.34 

$1,210.02 
per hectare 
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Point Pelee 
Marsh study 
(Kreutzwiser, 
1981) 143,000 
recreatianists 
1978% use am 
value per wet
land hectare 
for 1113 
hectares 

3.3% 

0.7% 

83.9% 

5.7% 

6.3% 

$1,664,000 
annual value 
for use of 
total area 
$1,495.06 
per hectare 

Sc¢hern 
Ontario 
Marshes 
(Bardecki, 
1984) 
39 owner 
resp:n1ents 
report.in; 
use by t 

by owner 12. 8% 
by others 17.9% 

by owner 17.9% 
by others 23.1% 

by owners 2.5% 
by others 33. 3% 

38.5% 

12.8% 

20.5% 

2.6% 

value per 
hectare 
per year 
$23.60 -
$69.89 
(partial 
valuation) 



'Die status of eutrq:ilicatial (nutrient enridmerit) in the Great lakes is 
pees ,ted in Figure .e-2-12. Management strategies are to maintain the 
oligoltq.bic status of the q,en waters of lakes Superior, Michigan, Huron and 
Ontario. 'Die q,en waters of Lake Erie, GrMrt Bay (lake Michigan) , and Saginaw 
Bay (lake Huron) are being managed for mesotrqirlc oonditions. F\lrther 
reductions in raitrient loadin;Js to adlieve water q.iality d:>jectives in Lake 
Erie, GrMrt Bay and Saginaw Bay are called for in the Annex 3 &RJR)lement 
(~ a:utzol) to the Great lakes water ()lality Agreement (see 
:rnt:emati.Cllal Joint- Omnission, 1988). Inprovements are already undeJ:way in 
~ areas (Table &-2-4) tut further reductions in i;ilosploros o:x ..... 1trations 
are expected if non-point source cxrrt:rol p.ogzaus, especially al agrialltural 
lands, are .inplemented. 

'Die toxic cxntaminant issue is a pei:vasive a'II!, affect~ an portions of the 
Great lakes. Ccnlitions are m:ist severe in 42 llart:olrs, tri.J::utary DDJths and 
embayments identified by the LJC as Areas of Cla'lcem (Figure B-2-13). Toxic 
heavy metals are especially high in sediments. Likewise, toxic organic 
dlemicals are high in sediments where they bioao::imuJ ate in organisms and 
bianagnify up the fcxxi chain. Concentrations of certain chemicals are 
sufficiently high in sane species and sizes of fish that fish oonsunption 
advisories have been issued in 38 of these Areas to protect human health. 
DefOJ:lllities, t,Dl)Olm and reproductive problems have been detected in fish in 
19 of these Areas. Destruction of benthos, degradation of ~ytoplankton and 
zoc:plankton popllations, and loss of fish and wildlife are also widespread. 
Researdl is undeJ:way to better urderstand the effects of these levels and 
Jcims of cxntaminants on fish and other aquatic organisms. A sunmary of 
prci>lems in these areas is presented in Table .e-2-s. 

Habitat cpil.ity is the newest issue of ooncern and perhaps is m:ist ill
defined at this time. Habitat requirements for m:ist species of fish are not 
-1.l unden;tood. We know habitats have been drastically altered in the 
oonnectin;J dlannels, embayments, and certain nearshore areas of the Great 
lakes. Offshore habitats may also be degraded. For exanple, the inability of 
the lake ~ to successfully reproduce in lakes Michigan, Huron and Ontario 
DBY be related to habitat oonditions al ~ shoals. 

Biological cxmmmity stntcture needs to be~ alorq with habitat 
CXll'ISiderations. stoc:kin; of fish predators may alter the predator-prey 
balance in pelagic cxmmmities that can be manifested in water quality 
imicators. 'Die necess~ty for acklress~ the cx:np,.tibility of water quality 
(nutrient abatement) c:bjectives and fishezy management (predator stockin;J) 
strategies is anerg~. 

LUE Blr LUE LE:UUPl'IOIS 

Iake&4)Elriar 

lake Superior is the 1~ of the Great lakes, with a volume of 12,230 krn3, 
a surface area of 82,100 i"an2, and an average depth of 149 m (Figure &-2-13) at 
low water datum. Because the Lake is so large and deep relative to its 
cutfl.ow at the st. Marys River, the hydraulic retention time is the 1~ 
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TROPHIC STATUS 
lbc1s'cd on iota I phosphorus 

r.hOrOl)hyll ,! ,md Secch, <:lep!h I 

D OLIGOTROPHIC 

• OUGOTROPHIC / MESOTROPHK:: 

Bill MESOTROPHIC 

D MESOTROPHIC / EUTROPHIC 

- EUTAOPHIC 

D INSUFFICIENT DATA AVAILABLE 

N, ,I,· r,.,,-.<f~h,,,.. I••••~,.,, 
•lr.,wri I<,~,.,~· 

Source: Hartig and Gannon, 1986 



'mB[E B-2◄: A ~ or 'JlU!KS m 'lt1mI. iH6lBHlS 1IS JIN INDiam:R or 
W1,; CXHll'l'ICl6 Df mB OPl!N 'lfMDIS or mB GH!'AT IAJa!S 

SUperior 

Michigan 

Erie: 

Western 

oenb:al 

Tmt>ic 9DUt1m 

No major chan;Je in aincentration bebieen 1967 am 1986 
(1960s am 70s mean: 6 ndctop.ans per litre; 1980s mean: 4 
mictop.an.. per litre, reflecti.n;J oligotrqnic conditions). 

An ~ decrease in mean ocnoentration fran ~ 
ately 8 mictogLan.. per litre in the mid-1970S to 5 
mictop.an.. per litre in 1987. Ccnoentl:ations are slightly 
higher in the soothem basin in CXIIIJ?"ri,;on with the 
northern basin, tut reflect oligotrqnic conditions 
tlm:u;jhcut the q:,en waters. 

No~ chan;Je in ocnoentration (5-8 micrograms per 
litre ~) CNer an 18-year period (1968-1985). 

High year-to-year variability with an ~ decreasi.n;J 
trend fran ai:proximately 40 mictogLan.. per litre in the 
early 1970S to ai:proximately 20 micrograms per litre in 
the late 1980S. In spite of reductions, conditions renain 
eut.Lq:hlc. 

Decreasi.n;J trend bebieen 1968 am 1985 fran ai:proximately 
20 to 12 JuictajLdlilS per litre, ten:ilng towards mesotrq:ruc 
conditions. 

A decreasi.n;J trend fran ai:proximately 18 mlctogLans per 
litre in 1968 to ai:proximately 12 mlctogLdltb per litre in 
1980, also towards mesotrqni.c conditions. 

A decreasi.n;J trend fran 1973 to 1986 fran ai:p:r:oximately 
25 to 10 la:i.ctog1ans per litre with mcst recent data 
indicati.n;J mesotrqni.c conditions. 

Scmoe: Hartig am Ganron, 1968 am Rathke am McRae, 1989 



(191 years) of all the Great lakes. 'Dleoretically it takes that lorg for all 
the water to replace itself. Initially the large water volume can be viewed 
as beneficially dilutin:J pollutants, but in the lorg-term it 1oalld take 
generatiCl'IS to cleanse the waters oooe pollute::l. lake Superior is divided 
into two basins; the western basin is dlaracterized as amparatively SIIDOt:h 
bottaned, and the eastern basin oantains a north-south trendin;J valley and 
ridge system. Bottan sediJDents are primarily laaistrine llllds; however, areas 
of rcx::k cutcrcps and islands are foond in both basins. 'Bl"' deepest ~ 
in the Great lakes occurs in the eastem basin ( 407 m) . 'lhe shoreline of lake 
SUperior extends for 4795 Jan. 

lake SUperior pcrsesses the highest water q.Jality of all the Great lakes and 
is i.npravirq in certain hartx>rs and river mruths where degradation anon 
cxx::urred (e.g., st.I.alis River where habitat cptlity has .iJlproved and fish are 
increasirq in abm:lance) • 'lhe lakewide anrrual nean total JnOSPlOrus 
O.h.lPIILtation of 3.5 micrograms per litre is the lowest in the Great lakes and 
indicates the oligot.rq:hic status of lake SUperior waters. Heavy metal 
ooncenLtatians in surfaoe waters of lake SUperior are lower than metal 
ooncenLtations in the other four Great lakes. OJntam:inated sediments in lake 
SUperior are primarily foond in seven Areas of Concem, as identified by the 
Great Lakes water {).lality Board (Figure B-2-13 and Table B-2-5) . 

'lhe plant oamunity in lake SUperior is daninated by piytq:>lankton, with only 
oocasional mac::rq:nyte or macroalgal growth. 'lhe m,p:,sltion of the 
Jiiytq>lankton oamunity reflects the oligot.rq:hic status of the waters and is 
cx:mprised primarily of nannoflagellates and diatans. AJ:proximately 140 
species of zooplankton and benthos species have been identified fran sediments 
of lake SUperior. Macrozod:lenthos in lake SUperior is daninated by 
lqrt;gnreia affinis and clean water indicator ta>ca of oligoc::haetes, 
dtlronani.ds, and spiaeriids. 'lhe fish mmunity reflects the oligot.rq:hic 
status of the waters and is miprised primarily of cold stenotherm fish, such 
as lake trcut (&Jvelinus namaycushl . whitefish (Co:regonus clupeaformis) , and 
an increasirq TA.DTi:ler of lake herrin;J (Coregonus artedii) . Pllblic health 
advisories against fish cansunptian are relatively few in the qien lake, and 
they awly only to lake trcut and walleye (stizOE<teginn vitreum vitrann) taken 
in Wisconsin waters. lb.ever, restrictions on fish and wildlife consunpt:ian 
exist for all seven Areas of Concem foond in nearshore waters of the lake. 

'lhere has been no indication that the habitat quality on lake SUperior has 
dlan;Jed significantly for the past 100 years. No evident trend in nutrient 
increases has been d:lserved durin;J this period, and given the relatively slow 
rate of human pcpllation growth and land use c::harges in the watershed and the 
lorg residence time of water in lake SUperior, it is unlikely that nutrient 
levels will increase substantially. 'lhe lake oontirues to suwcrt organisns 
typical of cold, oligot.rqihic lakes. lake SUperior may be especially 
susceptible to toxic contaminant loadin;Js fran at:nospleric deposition because 
cn:,e cx:ntaminants are deposited in the basin, their presence will persist, 
given the lorg residence time for lake SUperior waters. 

Fish pcpllatiCl'IS betl.ieen the 1900s and 1950s were daninated by lake herrirq 
and lake trcut. By the 1960s, these species declined markedly, prct,ably as a 
result of <XllpPtition for food with bloaters (Coregonus hgyil and rainbow 

B-35 



ip 
w 
"' 

"''lWAUtlEE ESTIJAlll' 

WAUkEGANHloflBOII 

FIGOm B-2-13: AREAS OP <DDRi IN 'DIE GIFAT IAKfS BASIN 

SAGtN-AtVEA 
SYSTEM AND 

SAGINAWIIAT 

Source: Great Lakes water QUality Board, 1985 



'mBlE B-2-5: A SOMI\Rl!' OF ll!NEFICIAL tR DIHUIIBUS DI 'DIE Gl'IFAT IARES 
ARF.AS OF CXH::laf 

Pee TmdJ?RJt P!Plber of !rffla vtecte:J 

Degradatiat of benthcs 40 

Restrictiat at fish am 39 
wildlife cmsunptiat 

Restrictiat of dredgin;J 31 
activities 

Degradatiat of piyl:q>lanktal 28 
am zooplanktal 

undesirab1e algae 21 

Degradatiat of aesthetics 19 

Degradatiat of fish am 18 
wildlife 

Fish tumors am other 17 
defonnities 

loss of fish am wildlife 17 
habitat 

Bird or aniJnal defonnities or 4 
reproductiat prci)lems 

Beach closin;Js 4 

Taintin;J of fish am wildlife 3 
flavor 

Restricticms at dri.nlwq water 1 
OCllSUllptiat or taste am odor 
pra>lEIIIS 

Najar Qp!ffi(S) 

E>.Jt:rq:hicatiat 
Toxic substances 

Toxic substances 

Toxic substances 

E>.Jt:rq:hicatiat 
Toxic substances 

E>.Jt:rq:hication 

E>.Jt:rq:hicatiat 
Toxic substances 
Habitat alteration 

E>.Jt:rq:hication 
Toxic substances 
Habitat alteration 

Toxic substances 

Habitat alteration 

Toxic substances 

Micrcbial 
contamination 

E>.Jt:rq:hication 

E>.Jt:rq:hication 

SOJrce: DDlified fran Hartig, 1988 

B-37 



FICDIE B-2-1•: l'IDSI~ <BIRAC'l'l!RIBlCS OP I.ME !D'BUCR 

CONTOUR INTERVAL 200 FEET 

SCALE OF MILES 

01020:Y.l...0 

Source: Hough, 1958 



smelt '951J!mJfi nprdax) , predatioo frail sea lanprey (Petmnyzon mrjnµsi , and 
averexploitatioo by man. Today, the lake herrin;J pcpl].atioo is steadiJy 
rel::uildiD} and efforts to oontrol the sea lanprey, oart>i.ned with restoratioo 
efforts, may allow increased lake trout pcpl].ations. Increased numbers of 
lake herrin;J and lake trout will oontril:ute to the cxmm.mity of prey fishes 
that is iDportant to maintain.in3' stable predator-prey pcpl].ations. 

lake Jlfictdgan 

lake Micni.gan is the third largest of the Great Lakes in area and sec:on:i 
largest in volume. 'Ihe area is 57, 750 km2, and the volume is 4,920 :ian3 
(Figure ~2-l5). 'Ihe lake has an average depth of 85 m and the water 
retentioo tillle for this Iake is the sec:on:i lcn;JeSt of the lakes, awroxilnately 
99 years. 'Ihe Iake Michigan basin is ~cally divided into three 
areas. 'Ihe southen'l basin is gently slcpin;J and oontains nostly soft 
sectiments, except for limestone deposits alon;J the southwest shoreline. 'Ihe 
central basin has an irregular bottan 00\Tered with limestone. 'lhe northern 
basin oontains ~ deepest sa.indi.n;J in the lake (282 m) and is characterized 
by valleys, ridges, and r=k rutc:rowin;Js. Green Bay is a shallow arm on the 
northwestem side of Iake Michigan. 'Ihe Iake Micru.gan shoreline exten::ls for 
2,670 Jan. 

'Ihe t.rqru.c status of the open waters of Iake Micru.gan waters is oligohqru.c, 
with phoeplorus cx,ncent.rations <7 microgram; per litre. Nearshore waters are 
mesotrq:ru.c. Eutrophic oon::titions are erx::ountered in Green Bay and alon;J the 
southen'l shoreline where i;:ilos];tlorus levels evoeed 20 microgram; per litre 
(Figure ~2-12). Degradation of water quality fran land-use activities and 
waste discharge has affected fish spawnin;J sncess in certain areas. Iake 
Micru.gan, particularly Green Bay and Waukegan Harbor, has been the lake 11XJSt 
affected by PCBs. SUrface waters in Iake Michigan have higher burdens of heavy 
metals than any of the other Great Lakes. Concentrations of PCBs are about 
1.2 microgram; per litre in the offshore waters, 3.2 microgram; per litre in 
nearshore waters and 3.5 !ulcio;i:t:ai,s per litre in the nearshore areas of Green 
Bay. PCBs in Iake Michigan offshore waters are highest in depositional zones 
in the southen'l basin and Green Bay. Concentrations of PCBs in these 
depositiaial zones are as high as 81 micrograms per kg of se:liment. 
Contaminated se:liments have been identified in ten Areas of concern alc:x-g 
harl:Jors and tributaries of Iake Micru.gan (Figure ~2-13 and Table ~2-5). 

'1he plant cxmm.mity in lake Michigan is prbnarily plytoplankton, althcugh 
substantial Cli!1crm;r:, growth= alorq shorelines in the central and 
southen'l basins. 0:ltpositioo of the plytoplankton assemblages is prbnarily 
diatans; however, blOCIIIS of blUEH]reE!l'l algae are f:requent durin;J the SUlll1ler 
mcnths, especially in Green Bay, and may be an indication of enriched water 
quality. A total of 200 zocplankton and benthic taxa have been identified in 
lake Michigan. Ratifers numerically daninate the zooplankton camunity, with 
c, pepcds bein;J the next m:ist CCl'lll0ll zooplankton. In general, oligochaete 
pcpl].ations daninate the sa.rt:hern basins, an:l Bl!rtc!:19""'i!ia affinis daninates 
the northern waters. lake Micru.gan oontains a diverse fish camunity as a 
result of the variety of habitats present in the Iake. '1he open waters are 
daninated by salm:lnids and whitefish, which subsist on a forage base of 
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alewives Woe Pf"i")dooarel'x;rusl and rainbow smelt. Yellow perch {Pert.a 
fil'ves9eos' and ciscxJes (Coregarus RP. especially b!;&i) are also abm:lant in 
certain portiais of the lake. PUblic health advisories exist lakewide against 
the OCl1SIJIIPtlal of large trcut and saJmon 'i1'ld several waznwater fish species 
in Green Bay. 

0.i.:.entzatiais of nutrients and other c:hemicals have increased nu::h more in 
lake Michigan than in takes Superior and II.Iran. As a result, bloans of blue
green algae have be,:, 11e •110re c, 11111 n and the growth of CJ agg;tpra more 
widespread. 

'Ihe fish CXllillmity has dlanJed caisiderably with the accidental introductial 
of the rainbow smelt in the 1920s, the sea lanprey in the 1930s and alewife in 
the late 1940s. 'lhese introductiais had a drama.tic inpact al the liviiq 
resources of the Lake, especially the native fish stocks and the zoq>lankton 
CXllillmi.ty. 'Ihe inpact of the sea lanprey was prd:iably most dramatic because 
it preferred to prey al the large native fish species, such as lake trout, 
b.lJ:bot {Lota lotal. and lake i.hltefish <Coregonus sro. l. 'Ihe lanprey, in 
canbinatial with overexploitation, pollution, and habitat destruction, 
eliminated sizable stocks of these valuable fishes. 'Ihe increase in rainbow 
smelt and alewife reduced the availability of zoq>lankton and effectively 
reduced the feeling CJR)Oltlmities for lazger i.hltefish species. 'Ihe bloater 
actually shifted its feeling habits, becx:1nin;J more benthic orientated and 
"dlanJed" in 1110:cpiology by re:ruciiq the runber of gill rakers to adjust to 
benthic feeling. With artificial control of the lanprey and the introduction 
of Pacific saJnnn to prey on ale.life, the Lake has returned to a more stable 
predator-prey ecosystem. At present it is difficult to predict what will 
ha}:parl to the fish oamunities of the lake, especially with the introduction 
of the water flea (Bythotrerhes oederstroemi), a predator al other zoq>lankton 
that -Y affect the zoq>lankton ocmnunity of the lake in the sane way that the 
alewife did. 

lake Bm::n 

lake Huron has the seoood largest surface area of the Great takes and is the 
third in volume. Its surface area is 59,500 Jan2 and its volume is 3,537 krn3 
(Figure B-2-16). Average depth is 59 m. 'Ihe retention time for water in the 
lake is about 22.5 years. 'Ihe lake bottan is, CUip.JSed of three basins:the 
shallow eastern basin of Georgian Bay, the oorthem main-lake basin and the 
southern basin. Saginaw Bay is a shallow azm of the southern basin. Bottan 
substrates in the nearshore areas contain sand deposits, and offshore areas 
are predaninant.J.y clay. 'Ihe de ,,;est SClURiin3' in Lake HI.Iron is 229 m. 'Ihe 
lake Huron shoreline exten:ls for 5,120 km. 

'Ihe trqtdc status of the q,en waters of Lake HI.Iron {Figure B-2-12) is 
oligotrq:ihic, with i;:llosplonls oonoentratiais generally <10 miwogtaus per 
litre. However, the trqtdc status is caisidered to be intennediate between 
that of lakes Superior and Michlgan. Waste disdw:ges and risiiq water 
+enpe!""tures fran power plant disdw:ges have nduoed fish habitat in portiais 
of Saginaw Bay. In addition, r;tiosi:botuS oonoentratiais in Saginaw Bay evceed 
20 Juiwogtans per litre and are sare of the highest values reported in the 
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Great lakes. In cxmpariscn to lakes Micru.gan, Erie, and Ontario, ocntaminant 
a:n:ientrations in Lake Hural are relatively lCJii. Qu.y Lake SUperior waters 
are lower in heavy JEtal. cu..:....rt.rations. None of the eleven heavy metals 
measured e:v> ee7 :i.nplied .llgLWil ct>jeclives. Q:11tamwted sediments, 1iS 
identified by Areas of O:lnoern, exist at a,e site in saginaw Bay and three 
sites in Georgian Bay (Figure B-2-13 and Table B-2-5). 

'Die plant- CX1J111mity in Lake HUron is daninated by diatans irxlicative of the 
wotrq:trlc status of the water. Bloans of bl..eH,jJ.Eeu algae are cwm.lil in 
saginaw Bay. M:lderate growths of flw:ktll9:n! are pus 11t alcn:J mcsL of the 
Lake HUron shoreline. Together, rotifers and cqq:ol>. daninate the 
zocplanktai CX11111mity, with cladooeran zoq,lanktan less OUiliCll in Lake Jruron 
than in Lake Micru.gan. J\l:proximately 200 bent.hie taxa have been documented to 
occur in sediments of Lake HUron. 'Die c;pen lake benthos are daninated by 
BJltT?J"'!ia affinis, whereas saginaw Bay is daninated by pollution-tolerant 
oligochaetes, such a,,: Jeimrn:lrtl,us hoffmeisteri. 'Die fish camunity in the 
deep, ooldwater portions of the lake is daninated by lake trtm:, whitefish, 
and bloater, whose reooverinJ pcpllation may, in part, be attributed to an 
increase in habitat quality. 5aginaw Bay also oootains several waD!Wclter 
species such as walleye, carp, and yellCJii perch. FUblic health advisories 
exist regard:i.n;J the consunplion of trtm: fran the c;pen lake and fran all four 
Areas of O:lnoern identified in lake HI.Iron (Table B-2-5). 

Habitat quality in Lake lruron has dlarged only slightly since the 1800s, 
except for significant increases in mtrient levels in saginaw Bay and to a 
lesser extent in harbors of Georgian Bay and the North <llanne1. Descriptions 
of the Lake HUrcn plant and invertebrate camunities have dlarged little since 
the earliest reoorcls. 

'Die fish CXlllllmity has urrlergone several dlan;Jes, such as the decline of lake 
herrinJ and other ciscees. However, mcsL of these dlan:]es have been caused by 
human, rather than natural, f''"OOSCSPS. Historically, lake herrinJ, riscees, 
whitefish, and lake trtm: daninated the canmercial hazvest of fish. In the 
1940s a dramatic reduction in l1l.1llilers of these species =rred as a result of 
the sea lanprey and overexploitation. In saginaw Bay, relatively large 
hai:vests of walleye and yellCJii perch were taken in the pre-1940 period. 
'Dlese pqw.ations are returning to their former abm:.lanoe. It is hcped that 
the introduction of Bythotremes oederstroemi will not affect the zocplankton 
CX11111m;.ty, which would effect the balance of the predator-prey system. 

lake Erie 

Lake Erie is the shallowest of the Great lakes and has the least volume. '1he 
surface of the Lake is 25,657 Jan2 and the volume is 483 Jan3 (Figure B-2-17). 
Lake Erie has an average depth of 19 m and the shortest retention time for 
water of any of the Great lakes (2.6 years). 'Ibis short turnover time for 
water in the lake is a,e reason lltly Lake Erie stu::lies often detect dlan;Jes in 
water cpu.ity due to human activities before they are detected in the other 
Great lakes. Lake Erie is divided into three basins. '1he westem basin is 
the mcsL shallCJii, and the bottan substrates are CUlp:,sed primarily of silt and 
DUd with sate rocky reefs. '1he central basin is the largest of the three, and 
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the oottan ocntains mostly clay. '1be east.em basin has the de 1est sainiin;J 
(64 m), and Ill.Ids and silty clays are on the oottan. 

lake Erie is the mst eutrqru.c of the Great takes (Figure B-2-12), with 
average c:pell water picsphorus o:inoentratia'IS of 11-13 miCLo;,LdlllS per litre. 
Soil erosion has dlarged the oottan sediments of the lake and may have 
affected spawning S'JOCPSS in certain areas, thus~ habitat. '1be 
western basin generally ocntains higher nutrient o:inoentratia'IS than the other 
basins, b.rt has the mst diversity in habitats with rocky shoals and subnerged 
bedL0ck c:utcrqls. Depletion of oxygen in the oottan waters occurs durin;J the 
S1JD1Der in the central basin. '1be east.em basin has the highest water quality 
in the lake. rn general, dlE!lllical contamination is not a significant problem 
in mst of lake Erie. 0Lgancx:tll=ide oontaminants in lake Erie's surface 
waters are Lelatively low. 0Lgancx:tlloride oontaminants, such as PCB's, occur 
primarily near the mcuths of trib.rtaLy rivers. lake Erie secllinents have 
relatively high =noentratia'IS of heavy metals, similar to those fooni in lake 
Michigan. A total of nine ALeas of Concem have been identifie::1 as havin;J 
contaminated se::1iments alon;J the shoLeS and harbors of lake Erie (Figure B-2-
13 and Table B-2-5) . 

l:hyt:q>lankton assenblages f:ran the central and eastem basins of lake Erie are 
in:licative of the mesotrqnic nature of these basins. 'While diatans daninate 
the phytcplankton assent,lage, gLeeil algae are also ccmnon. '1he gLtMth of 
C)adochora in lake Erie is greater than in arrt of the other Great takes. 
Macrq:hyte grcMtll is also 0.11U1CJ11 alon;J the lake Erie shoreline, especially 
adjacent to -wetlands and the islands in the western basin. AWroximately soo 
zooplankton and macrozcdJenthic species have been identifie::1 in lake Erie. 
Ratifers numerically daninate the zoq,lankton, with ccpepoos am cladooerans 
nearly equally ablooant. '1be western basin is daninated by the pollution
tolerant oligodlaete Lill1noclrilus spp, and the central and eastem basins by 
the polluticn-intolerant species Pelscolex ferox and stylc:drUus heringianus. 
Walleye, yellow peLCh, and smelt are principal carponents of the lake Erie 
fish (Xffl11mity, especially in the western and central basins. 'White bass 
lMorone ctu;ysops) and, more recently, white peLCh (M:>rone americana) have also 
becane -well establishe::1 in the lake. Restrictions on the oonsurtq:,tion of caLp 
(cyprinu .. rarnin) and catfish IJct:aJurus runctatusl exist lakewide. 

lake Erie has the shortest retention tllllP of arrt GLeat lake, and is therefore 
the lake where ~ occur mst rapidly. '1be mst dramatic exanple of 
dlan;e in lake Erie has been the degradation of the t.Lq:ru.c status of the lake 
in response to Oll.tural eutrqru.cation and the partial recol/ery to date of the 
water quality in the lake with the abatement of nutrient irplts. '1he increase 
in nutrients associated with Oll.tural enridlment dramatically alteLed the 
l:Jenthic, CX'fflDmity in the western basin, caused anaxic oorm.tions to fonn in 
the central basin, and made blOClllS of bl~ algae CXl1ll0l'1 thLtu;Jhout the 
lake. As a oonsequenoe, in lake Erie, nuch of the suitable habitat for native 
fish such as whitefish, lake herrin;J, and lake troot has been L'E!IO:lll'e::1, and 
these fish were replaced by species such as white bass and white peLCh. 
HcweYer the suooess of i:eoent lake troot LeStoration efforts in lake Erie 
in:licate that the habitat in lake Erie is inprovin;J and recol/erin;J f:ran the 
adverse~-
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Lake Erie has prcbably received the m:ist man-induced stresses of all the Great 
lakes and the fish CXIJIIUnity has been permanently dlan:Jecl. Fish CCllllll.llU.ties 
are dranatically different than they have been historically. Several major 
stresses oo fishes in Lake Erie have been identified: the ocmnercial fishery; 
cultural eutrqnicatioo; introduction of new species; tributacy and shoreline 
:restructuring; shoreline and agricultural land erosioo and resulting 
siltatioo; an:i toxic discharges fran iniustrial activities. Desirable species 
such as the lake herring, whitefish, blue pike (stizostedian vitreum glauam1) , 
and sauger Cst!"9f'terlicn '7i"D"deooe) are no lcn;ier an iJli,ortant part of the 
ocmnercial fishery. '1lle cxmnercial fishery is ooly a small part of the total 
fishery today; the sport fishery aoccunts for a majority of the fish harvested 
fran the lake. · Sport take fran the lake is , • 111csed primarily of yellow 
perch, rainbow smelt, 'Walleye, and.white bass. '1lle effect an the food chain 
of the xe::eutl.y invading Bythot.red}!!" ~. via fish-prey interactions 
and the zebn> 1''1Ssel Drej ssena po].ynprma. via the J.elOOYal Of plankton and 
detritus fran the water coll.Dllll, is, at present, unknown. 

Lake Cntar:i.o 

Lake Ontario is the fcmth laxgest of the Great lakes by volume and the fifth 
laxgest by area, with an area of 19,000 m2 and a volume of 1,637 Jan3 (Figure 
B-2-18). '1lle avexage depth is 86 m. Retention time for Lake ontario water is 
ooly 6 years. '!here are two basins in Lake Ontario. 'lhe western basin is 
gently sloping, with bottan deposits primarily of nu:i and clay. 'lhe eastern 
basin has thP dee{est samiing (245 m), and the bottan is also nud and clay, 
altha.lgh rock outcrops and islands are ccmoon at the head of the st. lawrence 
River. '1lle lake Ontario shoreline extems for 1168 Jan. 

Total J;i}osiilorus concentrations in Lake Ontario average 10 micrograms per 
litre, which indicates mesotxqnic water quality (Figure B-2-12) . Poor 
habitat quality exists in several nearshore areas used for fish spawnin;J. 
O:lntaminants such as mirex, FCBs, and mercury are a serioos water quality 
pni>lem. Organochloride concentrations foun:1 in surface waters are relatively 
low. However, relatively high concentrations of PCB (>l ITu.Cl.OJLiilll per litre) 
cxx:ur in the area coincident with inpJt.s fran the Niagara River. Heavy metal 
concentratioos in waters of Lake Ontario are about one-half those foun:1 in 
lakes Michigan and Erie, about double those in Lake HI.Iron, and four times 
these in lake SUperior. In general, hamor and river nnrt:h sediments have 
higher ccntaminant ocu:entrations (e.g. cadmium, ~r, iron, and lead) than 
do nearshore and open lake sediments. seven sites oontaining heavily 
OCl'ltaminated sediments have been identified and designated as Areas of O:>ncern 
in lake Ontario (Figure B-2-13 and Table B-2-5) . 

Hlytq,lanktal, periplyton, and macrqnytes are all major oanponents of· the 
plant OCNllJlmity an lake Ontario. '1he main piytoplankton are diatans. 
Cl1'1crtlora is the main periplytic alga, and the growth in lake Ontario is 
seccu:l ooly to the growth in lake Erie. Macrc.plytes are d:lserved m:istly in 
the 1'leStern en:l near the outflow of the Niagara River and eastern regions of 
the lake in the sheltered entiayments. only about 100 benthic taxa have been 
identified in lake Ontario. '1lle tubificid 'WO:rns, Potan¥:lthrix and Aulodrilus, 
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ocx:ur througtiait llllCh of lake Ontario. '!he wo:cms are typical of m:xlerately 
ElJtrq:hic habitats. Lake trout and saJIOOl'l occupy the cpen waters of Lake 
Ontario, with alewives and smelt the principal forage fish. '!he oarmercial 
catch of lake Ontario is ca 11p eed pr:imarily of catfish and l:w.lheads 
tTgt;,.Jurus s,:p. l, walleye, white perch, and -witefish. l'Ublic health 
advisories :cestrict the consunptian of trout and sa]DIOJ'l fran Lake Ontario. 

Habitat cpality in lake Ontario has not dlan:J8d dramatically since 1910 
despite increases in nutrient levels. Althalgh the data .base is small, it 
ai:pears that the biota in lake Ontario have dlan:J8d little with the exception 
of the fish cnm:unity. 11.mian intervention and the introduction of exotic 
species have altered the- c:1111-sitian of the fish CX11111mi.ty. 

'lhe open waters of deep, cold, Lake Ontario historically sustained valuable 
pcpll.atians of fishes such as Atlantic sallOOl'l (Salloo salar), lake he=ing, 
whitefish, deepiater cisooes, and lake trout. '1hese species declined 
dramatically in the 1950s as a result of overexploitation, sea lanprey 
predation, and predation an eggs by the introduced rainbow smelt. Recent 
stocking of saJJOOl'lids and lake trout have once again established those fish as 
the tcp predatory fish in Lake Ontario. 

0:nlec:ting <llarmel.s 

'lhe connecting channels (st. Marys River, st. Clair River, Detroit River, 
Niagara River, st. I.awrence River) and lake st. Clair are the major links 
.beb,een the Great Lakes and the Atlantic Ocean. '!he total area and depth of 
the connecting channels is small relative to the area and depth of the lakes. 
Sectimants in the connecting channels are JOOStly clay in the areas exposed to 
water flow and are silt with soft sediments in areas of low flow. 'lhe 
connecting channels contain 4,820 km of shoreline. 

Nearshore zones such as those fam:i in the connecting channels are often the 
areas m:ist heavily utilized by man. '1hese nearshore areas are highly visible 
and often represent the image pecple have of the Great Lakes. Althcugh the 
nutrients and trqru.c status in the connecting channels usually mirror the 
nutrients and trq;bic status upstream, local habitat conditions may vary 
widely fran conditions fam:i in the mainstream. A total of eight Areas of 
0:rl0em have been identified as having contaminated sediments (Fl.gure B-2-13 
and Table B-2-5). '!he channels have a large nuni:ler of contaminated sites 
because many namicipalities and in:lustries use and return water to the 
dlannels, ~ wastes acarnuJ,.t-.e. 

Planktcll CX11111mi.ties of the connecting channels, inclooing the {:ilytcplankton 
and zcxplanktoo, are primarily a result of plankton pcpllations that flow into 
the dlannels fran the upstream lakes. '!he flora of the connecting channels is 
pr:imarily ca ••(':sed of sul:lliersed aquatic macrq:ilytes. A total of foor 
macrosocpic algae and fifteen vasotlar macrqnytes have been identified in the 
dlannels. <llara s,:p .. C'l1Mbtlm;a sp,, Vallisneria sp., EJqlea sp., and 
s:,tanpgetm s,:p (i.e., pcn:",M?Od'") are the m:ist abmclant macrqnytes. '!he 
principal sport fish are sa]DIOJ'li.ds in the st. Marys River, walleye in the st. 
Clair River and Lake st. CJ.air, and -wite bass and walleye in the Detroit 
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River. Fi.sh in the Niagara and st. I.awrence Rivers reflect the fish 
o:mrwmi.ties in eastern lake Erie and take Ontario, respectively. Public 
heal.th advisories exist against CXll1SUllptia, of many sport fish species in the 
ccnnectin;J d1annels, especially in the st. Clair - Detroit River system. 

'lhe lotic nature of the ccnnectin;J channels determines that c:tlan;Jes in the 
water itself are a reflectia, of the water entering the channel. However, 
because these channels are heavily irdustrialized, there have been nmked 
c:tian;Jes in water quality and shoreline use in local areas. Water and 
substrate quality have been degraded in large portia,s of the st.Marys, 
st.Clair, Detroit, Niagara, and st.Iawrence rivers. In aclditiai, extensive 
-wtlan:i-aquatic habitat areas have been lost in take st.Clair due to dredging, 
filling, and bulkheadirq of the shoreline for residential use. In total, 
there are five Areas of 0:n:lem located in primary channels an:i one Area of 
On:lem(i.e., the Clinton River) a, lake st.Clair whid!. have affected the 
local clistriJ::utiais of benthos, plankton, fish, and macrq:ilytes in the 
cumecting chamels of the Great lakes. 

2.SSCNmI« 

'lhe Great Lakes and ccnnectin;J chamels, including the st. Iawrenoe River, and 
their shores are an extensive, i;:hysically and biolcgically diverse 
environmental. system. 'lhree interrelated an:i interdependent environmental 
o 111ooe11ts of this system can be distinguished: terrestrial (shore), wetland 
an:i aquatic envircnnents. 'lhese envircnnents constitute a significant 
rescurce. 

o 'lhe shores of the Great lakes and CXJ1u ..... ting chamels exoeed 20,000 km and 
the follc:Ming shore types can be clistin;iuished, prbnarily on the basis 
of i;:nysical dlaracteristics: bluffs; bluffs overlying beclrcx::k; san:i 
beaches; wetlan:is; rocky shores; barrier beaches; lCM coastal plains; 
and uman shores. 

o Aoolt 170,000 ha of wetland alorg the Great Lakes and CXJ1u ..... ting channels 
remain. 'lhese can be categorized as: cpen shoreline; mirestricted bay; 
shallCM slcping bead!.; river delta; restricted riverine; lake-connected 
inland; and natural and artificially protected -wetlan:is. 

o OJastal wet.lams are the DDSt productive and diverse oarponents of the 
Great Lakes - st. Iawrenoe River ecosystem, prov~ habitat for 
runercus fish an:i wildlife, and providing water quality, recreatiatal 
ard 011Mie1 <::Lu benefits to society. 

o 'lhe Great Lakes have a surface area of al::oJt 244, ooo Jari2 an:i :rrud!. variation 
in trophic state, frail lake to lake and within sane lakes, is evident. 

o TaXic Olntaminatia, affects sane portia,s of the Great Lakes - st. I.awrenoe 
.hazbours, tril::utaries mouths and eni:>ayments. 

o 'lhe quality and quantity of aquatic habitat is an anerging concern and the 
habitat requirements of many fish species IIUSt be better un::ierstood. 
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IK• 1!$SFS •llF'IIIFBCDC 'DIE ENVIHHEfl' OP 'DIE GRFAT 1AKES -

gr. ~ R1Vl!R SYS'lUI 

3.1 lll'llUD:l.':IC 

Section 2 offered a description of the environment of the Great lakes-st. 
Lawl:ence River system, the lam and water, the plants and the aniJllals which 
CCl'ltribute to its rich diversity of life and lan::lform. 'Jhese elements or 
o +•(+oreuts are in()ortant in their own right and as part of a larger entity - a 
functicning ecosystem. 

'lhe interaction between and interdeperrlenc am:nJ these ecosystem CXNl(X.lilents 
are controlled by TaliDeC'CllS piysical and biological processes. Rather than 
bein;J exteJ:nal forces, these processes, even those which are human-caused, 
need to be viewed as an essential part of the ecosystem. 'Ihe environment of 
the lakes was create:i, and oonti.rrues to be shaped, by these processes. 'Ihe 
biota and piysical features of the Great lakes, for exanq:ile dune grasses and 
barrier beaches, have evolved CNer time in response to water-level 
fluctuations, climatic forces, and nutrient cycles, am:nJ other influential 
pnx,esses, At the same time, life and lan::lform are deperxient on these 
proc ses for oontinued suzvival and future evolution and develcpnent. 

In order to understand how different types of human actions would bring about 
c:harge in the system, i.e nust ca,preherd these an:JOing rrocesses :md their 
effects under existin:J ccnlitions. By so doing, i.e enhance our ability to 
predict the environmental :iJrpacts of human activity as i.ell as the 
cxmsequenoes that would result fran a m:>re natural evolution of the Great 
lakes - st. Lawl:ence River system. 

'lhe followinJ subsecH.ons focus on the relationship between water-level 
fluctuations and i:nysical and biological processes ==ing on the shore, in 
coastal i.etlands, and in the waters of the lakes and c::onnectiig channels. As 
i.ell, the inpacts of human activities on the terrestrial, i.etland and aquatic 
envi:tcamsut, and recent conservation initiatives are briefly reviewed. 'Ihe 
final subsection questions how lll()Ortant piysical and biological processes 
will c:perate in the future, given uncertainties such as potential climate 
c:harge 1ohich may soon face us. 

3.2 ~ KO iGSFS, ~ IEVE[S, SHH!; R& F½1:Cif JIND FIDCDDC 

Dfll¥ ■ I ■ '■'II II 

Shore pr, ..-ses are ca,plex interrelationships of i:nysiographic and 
climatologic factors. 'lhe developlelit of a thora.lgh un:ierstarr:lin and 
description of pu - e ses :is a ocart:inrln;J mioern to those utilizing and 
studying the Great lakes shore. 
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'lhe pu:10PSsm described are these that lead to erosicn an:vor accretion of the 
Great lakes shore an:l that transport sediments to, fran an:l al003 the shore. 
'lhere are mny different pr,:, sec involved: eacn depen:m on different 
phenanena an:l occurs in a different tiJDe frame. 

In a geological tiJDe frame, the lower lakes are evolvin3 into large, cbl003, 
shallCllol basins, as material is eroded fran the shore an:l deposited in the 
lakes. In this tiJDe frame, the Iakes are also tiltin3 slightly as the lan:l -== rel:la.nm fran the retreat of glaciers follOl!lin3 the last ice age. 'lhis in 
tum, is slightly affectirg water levels an:l rates of erosicn al003 sane 
portials of the shore. 

Oller the centuries, headlan:ls, !:Jays an:l other features are develq,in3 as the 
shore, of the lower Great Iakes. slCJ1orly retreat. 'lhis reoessicn is caused 
principally by wave acticn. 'lhe rate of erosicn is dependent upcn the e.xposure 
to the wave climate, the degree of natural protecticn fran waves an:l the 
resistarxle of the shore sedinent to wave acticn. 

'lhe influence of a nunber of factors, including- water-level fluctuations, on 
shore reoession an:l floodin:1 varies . fran one physical shore type to another. 
'lhe shore types dlso1ssed in this report are rocky shore, coastal bluffs, 
coastal bluffs owrlyin3 bedrock, sardy bead'l,lmainlan:l, ba=ier beach/dune 
OCl!plexes, urtian;protecte, 1o'letlan:l, an:l lCllol coastal plain. In sane 
locations, a mix of envll:01msnts oocurs, for exanple a series of rock cutcrcps 
interspersed with a lCllol plain or coastal bluffs. 

As menticned above, there are a nunber of principal parameters that can 
influence Great Iakes shoreline erosion an:l floodin:1. Aside f:ran water-level 
fluctuations, these include wirxl,lwaves, nearshore currents, the orientation of 
the shore an:l adjacent l:Jathymetcy, groon::lwater levels, surface water runoff, 
ice, an:l watherin3. 'lhese parameters are disc,•ssed belCllol. 

SKR:UNE HO 1§5$ES 

'lhe follCJlolin3 sections briefly describe the main shore piocesses at work in 
the coastal zone. MJch of this material has been taken f:ran Great Lakes, 
Shore Pr o sec an:l Shore Protection (Ontario Ministiy of Natural Resources, 
1981) an:l f:ran the Shore Protection Manual (U.S. Anrrj Corps of En;Jineers, 
1984). 

~ Waves 

Waves are f<mled by a OC11plex piooess of energy transfer fran blC11o1in3 wind to 
water, through wind turt:w.enoe to rl.R>les an:l fran ri);l)les to larger waves. 
'lhis energy is carried by waves to the naarshore zone an:l serves as the 
primary enezgy SClll'C8 for shore dlanges. W~ted surface waves are a 
major factor in shore erosicn. daDege to shore strucbJres, fomation of 
depositicnal beach features an:l littoral transport. 



waves genm:ated by CXIIIJPYT"ial and recreatiaial boats '11/aY cause erosion in the 
0Cl'll'leCtin;J ctJannels, tril::utary streams and small harl:x:urs and '11/aY also be 
:cespousible for a significant part of the total wave action in these areas. 

waves are defined by their height, len;Jth and period. Wave height is the 
vertical distance between the tq, of the cr:est and the bottan of the 
sucoee::lirg tralgh. wave len;Jth is the horizontal distance between snoc:ess;:ve 
wave cr:ests. wave period is the time between S'noessive crests (or troughs) 
passing a fixed point. 'lhe various teDns used to define a wave are illustrated 
in Figure B-3-1. 

'Dle height, len;Jth and period of waves are detennined by the distance that the 
wind blows CYer water to develop waves (temed the fetch) , the speed of the 
wind, the depth of water, the len;Jth of time the win:i blows and the distance 
the wave travels after leaving the area in whicb it was generated. Since win:i 
speed and direction are not constant, waves of many heights, len;Jths and 
periods can be generated, resulting in -nat is oamonly calla:l irregular 
waves. Althoogh waves propagating in several directions are generated, it is 
generally assrnoed that the direction of wave travel in deep water is the same 
as the wind direction, and that a series of waves having a constant height and 
period are assumed to represent the actual irregular waves. 

waves can be limited by either fetch, water depth or win:i duration. 'lhat is, 
for a given wind speed, the maxillUm wave height possible is governed by one of 
these variables. For exanple, where depth controls, the :maxinum wave height 
possible for a given win:i speed is not affected by the fetch characteristics 
or how loog the win:i blows. '1his usually is a feature of shallow lakes and 
fetch areas. In deeper waters the :maxinum wave height possible is not 
restricted by water depth but either by the len;Jth of time the win:i blows or 
the len;ith of fetch aver whicb it blows. 

As waves 8R)r08.cb the shore they un:iergo c:harr;Jes. 'lhese include refraction 
and shoaling, diffraction and brealdn:;J. 

D Befzactial and Sboaling 

As waves move frail deep water into a shallower shore region, their 
direction c:ilarrges so that the wave crests tend to align themselves 
parallel to the under.later depth contcurs. '1his is known as wave 
refraction. 'lhe degree of wave refraction deperxis on the wavelen;ith, 
water depth and nearshore bathymetzy. 

Refraction may increase or decrease the wave height at shore locations as 
-11 as ctian;ie the wave direction. Consequently, refraction is a very 
blportant cx:,nsideration in a:ssMS;"):3 the effects of wa:ve action on the 
share. ~ is a focusing effect and is illustrated in Figure B-3-2. 

In aalition to wave refraction effects, the pi:ocess of shoaling results 
in significant c:ilarrges in the shape of a wave as it IDO\Tes into shallow 
water. Generally, the len;ith of a wave decreases and the height 
increases. Sane reduction in wave height '11/aY also result fran energy loss 
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FIGlmE B-3-2: lHRAC'1'ICIII 
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caused by the roughness of the lake bottan in shallai,., water and this 
bee• 11es mxe significant on gently slopin;J shorelines where the distance 
aver 1111hich the wave shoals is long. 

'Dle detexmination of wave refraction and shoalin;J along a shore helps to 
define the wave height in shall= water and its direction of prq,agation 
for given, iroident, deep water wave cxnlitions. It affects the 
divergence or OC11Vergence of wave energy along the shore. Refraction and 
shoalin;J influence the littoral transport, the erosion and deposition 
patterns of materials along the shore, and therefore the develc:poent of 
shore fOl]IS. 

o wave Diffi:crti,..., 

Headlands provide shelter fran wave actioo to shoreline areas. However, 
waves do berd, to a lilnited extent, into the sheltered areas. 'Ihis 
involves a lateral mcvernent of the wave in a direction parallel to the 
wave crest, and is known as diffraction. Diffraction can be an :i.np:)rtant 
oontrollin;J factor on the deposition of material transported by nearshore 
currents. 

o Bt'eakinJ waves 

waves break in deep water (wt.e-cawin;J) when the wave height beoanes 
too large relative to the wave len;Jth. In shallai,., water, waves break 
because of the lilnitin;J water depth. 'Ihe depth at wch the wave breaks, 
and the fonn of the breakin;J wave, are detennined by the wave height and 
period, the water depth and the slope of the bottan. 'lhe depth of water 
shallai,., enoogh to initiate breakin;J of a wave is tenned the breakin;J 
depth, dB. 'Ihe breakin;J wave height is known as Hb. Waves will break 
when the ratio of Hb to dB is aboot o. 78 (Galvin, 1972). 

Oepen::ling oo the wave height and nearshore slope, waves may break: 1) 
sane distance offshore, formin:J a surf zone Oller wc:h wave energy is 
dissipated and wave heights greatly reduced before they reach the 
shoreline; 2) on the beach, with energy bein;J dissipated in the swash and 
backwash; and, 3) where there is relatively deep water close to the 
shoreline, such as on sane rocky or bluff coasts, directly against the 
toe. 'l\Jrl:Julence produoed by wave breakin;J can lead to suspension of 
sediment; oo f~ beaches and to the erosion of the beach and 
nearshore profile oo cxi1esive shores. 

'lhe inpacts of waves oo erosioo and accretion if' discussed further in the 
Ian:l/Iake Interaction section. 

Nearshare 0Jrn!rJts 

Cl.lrrents in the Great Iakes occur as a result of the earth's rotation, the 
inflai,., and art:flai,., of the Iakes, the wim blai,.,in;J Oller the surface of the 
Iakes and, at the shore, the process of wave breakin;J. lake currents vary fran 
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lake to lake an:i locatiat to locatiat an:i can be influenced by such factors as 
the directiat of flow thraJgh the lakes an:i the directiat of the predaninant 
win:ls. 

wave omital motiat an:i wave-generated currents are the prinal:y processes 
result~ in sedinent erosiat, transport an:i depositiat in the beach an:i 
nearshore zone. As waves shoal an:i break, the intensity of wave omital 
motiat at the bed inc:reases, setting sediment in mctiat across the bed, an:i 
ultimately leadin1 to snspensiat of sediment". 'Jhe presence of aey currents 
superinp,sed at title oscillatory mctiat then results in net transport of the 
sediment- in the directiat of the om:ent flow, both Ol'H:lffshore an:i 
alagshore. '1hese currents may be win:l-qenerated, b.It the most inp:,rtant 
currents in the nearshore zone are those generated by the manentum of the 
waves t-hemselves. 'Jhe manentum an:i excess water mass carried into the surf 
zone by breaJci.n3' waves results in the set--up of water close to the shore. 'lhis 
in tum drives an offshore retum flow which may occur either as a unifoz:m 
''un::Jertaw'' at mid depth, or as a mre OC11plex three--d:i:mensional rip cell. 
Where waves awrc,ach at sane an;ile to the shoreline, a portion of the manentum 
of the breaJci.n3' waves is clirecte:i alorgshore an:i results in the generation of 
lorgshore currents in the direction of wave awroach. 'lhese lorgshore 
currents, together with beach drift~ on the swash slq,e, are primarily 
responsible for the transport of sediment alon;ishore. 

Win::1 and wave Climate 

'Jhe wave climate at aey locatiat alorg the shoreline can be defined as the 
average anrrual ha.lrly frequency of waves of different classes (defined by 
height, period, an:i direction) rea~ that location. '.Ibis in tum deperx:ls 
at the locatiat an:i orientation of the section of shoreline relative to the 
prevail~ win::1 direction an:i on the fetch len;Jths for each direction. 
Sections of shoreline that are exposed to lorg fetches in the direction of the 
predaninant win::ls are likely to experience high wave energy on a frequent 
basis. O:lnversely, areas that are sheltered fran waves fran the predaninant 
win::1 directions are likely to experience llllCh lower energy corrlitions. 'lhe 
offshore wave climate can be defined for a point in deep water just off the 
shoreline section. 'Jhe inshore wave climate can be detez:mined fran title after 
the effects of wave refraction, diffractiat an:i shoal~ are taken into 
acocunt. 'Jhe total wave energy rea~ a section of shoreline can be 
expected to exert sane ocntrol at the potential rates of erosion of rocky an:i 
bluff shorelines, while the magnitude an:i direction of the net lorgshore 
c • ■11caient of wave energy ocntrols the rate of potential lorgshore transport of 
sediment" an:i is an :i.nJx>rtant: detenninant of the sediment :tuiget of saniy 
beaches (discussed further in the I.an3/I.ake Interaction section). 

Wllterl.svels 

<llarJ;1es in water levels occur as a result of lorg-term an:i short-tenn factors. 
I.on;J-term factors are precipitatiat, inflow to the lakes (which is depen:ient 
at precipitatiat), outflow fran the lakes, an:i evaporatiat. Short-term 
factors are oscillations caused either by the win:! bl~ 0\/er the lake for 
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several hours or by atmcspleric pressure c:iJan3es. levels are also slightly 
influenced by lcn;-tem IIICIVE!IIIE!J" of the earth• s crust. 

Seasooal and lcn;-tem c:iJan3es in Great I.akes levels result fran variations in 
the aioount of precipitation, evaporation, runoff, storage capacity of the 
I.akes and the disdlarge characteristics of the dlannels connecting the I.akes. 
IJ::n;J-tenn c:iJan3es in levels can be considered randan, lihi.le seasonal cilan3'es 
follow an annual cycle with peaks in the late spring or early summer and lows 
in the late fall or winter. Ille to the size of the Great I.akes and the 
relatively small disdlarge capacities of their outflow rivers, extreme high or 
low lake levels exist for sane time after the climatological factors which 
caused them. Historical records of lcn;-term variations date back to the late 
lBOO's. Mcrlthly mean levels have varied over a ran;e of 1.2 metres on Lake 
SUperior and abcut two metres on the other I.akes. 

Short-term fluctuations are prmiced by c:iJan3es in at:loospheric pressure and by 
the wind. Atmcspleric pressure diffei:euces bebieen the CJRX)Site sides or en:ls 
of lakes can produce fluctuations in water levels annmting to 0.2 rn. 

'llle IIBin cause of short-tam lake-level fluctuations is stron;J winds. When 
the wind continues to blow CNer the lake surface in one direction for a rnnnber 
of hours, a surface tilt is produced, referred to as ''wind setup". With the 
same wind speed and duration, the ran;e of setup varies spatially deperxlirg on 
the 1E!n;1tb of fetch, water depth and nearshore Slct)e. 'lhe greatest inpact is 
experienced at the loleStern and eastern en:ls of Lake Erie, where short-term 
c:iJan3es in water levels can reach 2 metres. Because it is relatively shallow 
and is oriented in an east-...est: direction parallel to the prevailing westerly 
winds, Lake Erie is subject to these short-term fluctuations l!Pre frequently 
than the other Great I.akes. Wind setups which ll'a.Y reasonably be expected at 
typical mid-lake shore locations are in the order of about o.5 metre. 

Both at:loospheric pressure and wind-in:iuced water level cilan3'es can be 
associated with a seiching effect. 'lhe return flow of water fran the end with 
an elevated level to the depressed errl can result in oscillations of levels 
similar to the sloshing acticn that occurs in an enclosed tank of water. 1'Jry 
given shoreline location may e>q:>erience alternate periods of elevated and 
depressed levels over a period of several boors. 

Fbllowing retreat of the ice that existed <:Ner the Great Lakes during the last 
ice age, the land mass has slowly risen through a process kncMl as isostatic 
reb:ux1 (Cbordinating Ccmnittee en Great I.akes Basic Hydraulic and Hydrologic 
Data, 1977) • 'llle rise is producing minor tilting of the Great Lakes basin, 
resulting in emerging and sul:merging shores. In the JOOdem Great I.akes, the 
present lcn;-tem geological rate of emergence or sul:mergence is relatively 
small. Far exanple, the north shore of Lake Erie is stable and the west end 
of Lake Ontario is subsiding at a rate of approximately 6 nm per year. 'lllese 
rates are not significant in terms of their effect on shore f'WJOC:::ses in the 
short-to medium-tenn, tut they have significant illplications over the very 
lcn; term. 

'!he water-level elevation cletennines the portion of the nearshore zone CNer 
which breaking waves eJqlE!Ri their ~. Dlring periods of elevated levels, 
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a portian of the wave energy may reach the toe of bluffs or sand dunes, an:l 
sane washoller of low-lying beach areas may occur. rt is during these events 
that rapid ercsian of the bluffs an:l dunes occurs. sane of the wave energy 
during these events is dissipated an the nearshore lake bottan, causing 
undeJ:water ercsioo as well (DavidsCBl-Amott, 1986). D.lring periods of lower 
levels, a greater portioo of the wave energy is dissipated oo the lake bottan 
in the nearshore area, an:l greater erosian of the lake bottan occurs, 'imile 
ercsian of the bluffs an:l dunes is taiporarily recbJOed •· 

rt is unlikely that many areas of the Great lakes shoreline will ever 
mperien:,e truly stable water levels because of the magni'b.lde of the 
fluctuatians associated with seasonal variatians in :runoff an:l evaporation an:l. 
the short-term fluctuatians created by winds an:l baranetric pressure dlan;Jes. 

OlBER ~ S%S 

Aside :fran shore processes, there are a !1lllllber of other inportant i;nysical 
p>"ocesses acting in the coastal ZCBle that are not shore processes per se, but 
can influence erosioo an:l recessioo of the shoreline. '1hese are briefly 
descrilled here. 

QaJmwater 

rn bluff areas the presence an:l mvement of grcun:iwater can be a major factor 
in the erosioo processes. Many bluffs consist of layers of different types of 
material of varying thicknesses. For exanple, the Scamorough Bluffs along 
the north shore of Lake Ckltario. oontain layers of sand, silt an:l clay (Eyles, 
~-, 1985). 'lhe ability of surface water to flow vertically downward 
through the bluff depen:ls oo the types of material. water passes ~ckly an:l 
easily through a layer of sand, but if the sand is un::lerlain by a layer of 
ilq;)ervic:us clay, then the grcun:iwater DDVes horizontally alorg the sani-clay 
boundary to the bluff face. 'lhe water exits through the faoe of the bluff at 
this boundary an:l runs down the bluff faoe. '!his causes erosion of both the 
sand layer an:l the bluff faoe, leading to recession of the bluff. 

'lhe presence of grcun:iwater in a bluff reduces its ability to resist mllapse. 
'!his is due to the lubricating effect that a high water content has on the 
soil. A mllapse of this type is m:ist likely to occur when the soil is 
saturated with water, such as in the spring sncwmelt period or after an 
extemed period of heavy rain. A local suwly of water, such as a leaking 
SWlJlllling pool, can also contribute to bluff mllapse. 

&u:fa.Je water 

'lhe flow of surface water dawn the faoe of a bluff can lead to erosioo of the 
bluff. Frequently, surface flow leads to the formation of gullies alon;J the 
bluff. 11s a gully grows, it may beoane the route for surface drainage frail an 
increasing area, thereby increasing both the volume of water flow an:l the rate 
of grcwth of the gully. 'Die creatian of a water drainage network such as 
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field tiles = drainage ditd1es can m,cent.cate the flow ani aooelerate the 
fonnatial ani growth of gullies. 

Ioe 

Ioe OCJVer varies significantly fran lake to lake ani fran year to year; 
hcwever, 'When fcmned, it provides significant shore pratectial al the Great 
Lakes durin;J the winter months. Ioe first fOJ:116 alcn;i the shore, providin;J 
oontinJcus pratectial fran wave actial. As winter proceeds, ioe may form CNer 
the lake ani restrict wave generatial entirely. 

Olanges in water levels can cause shorefast ice to rem:,ve the frozen soil to 
which it is balm. Wini blowin;J aver the ice can produce ridgin;J ani a laxge 
blild-up of ice at the shore, in sane instan:es exceeding 5 m (see Gilbert ani 
Glow, 1986, f= exanple). 'Ibis shore ice can SCXAJr sectialS of the beach ani 
nearshore as -11 as destroy structures close to shore. It can also rem:,ve 
bcw.ders fran the shallow areas, thereby reducin;J the shore protection 
provided by the bcw.ders. 

Shore ice can also pose a problem in connectin;J dlannels. Ice jams are a 
m,m, ocx::urren:Je al the st. Clair ani Detroit Rivers ani operation of the 
oontrol works on the st. Iawrenoe River also allow for ice formation to take 
place, so that ice jams do not =· 

Weathering 

D.Jrin;J the winter months, repeated freezin;J ani thawin;J (an exaI!ille of 
physical weatherin;J) of soil in the bluff face reduces the stren;th of the 
soil ani makes it more prone to erosion fran surface ani grcun:iwater flows. 
'!his process is most prevalent on bluffs with a southerly exposure, where the 
sun's rays are CX>l'D!lltrated ani thawin;J can OOOJr 'When the air te11Jierature is 
several Jegi below freezin;J. Similarly, reduction in the stren;th of 
cchesive ani overcansolidated bluff sediments can be caused by expansion ani 
contractial due to wettin;J ani cb:yin;J of the bluff faoe. Olemical weatherin;J 
of rock ani bluff materials can also =. 

nnw::'lS OF ~I.EVEL aWDS BlC Slam Tn'E 

'Die inpacts of the various processes :Usa•ssed above will differ with the 
piysical shore type. 'Die followin;J sectialEI disa1ss t-.hese variatialS. 

lb::ky Sbareline 

Iarge sectialS of the northern shores of lake Superior ani I.ake Hural, ani 
significant portialS of the other Lakes' shorelines, misist of bedrock. 
Generally, these bedLoc::J..: areas are resistant to erosial by wave action. 
Limited :recession of the shoreline may OOOJr in these areas due to freeze/thaw 
effects, but this is usually negligible. 'lhere are sane portion of the 
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shoreline that consist of shale, 'Which does erode slowly. Areas with bedrock 
consistilq of -.ik materials such as shale or p:iorly cemented san:lst:aie may be 
subject to erosim rates intermediate between these of resistant bedrock and 
bluff shorelines. Sane of these areas are adversely affected by altemate 
wetjdxy cycles. IDw water levels, 'Which expose the rock to air, can 
accelerate -therin;, pi:o:e sm and erosion rates in these areas (Coleman, 
1936) . Porti.CllS of the shoreline consist of a mixture of rock headlands 
interspersed with low plains or erodible bluffs. ihese headlands fonn a 
partial protection frail wave action for the areas beb,~ them, but waves do 
pass the headlands and reach shore. 

QastalBl.uffs 

Sane 35-401 of the shoreline of the lower Great Lakes is O•!i[-sed ,;,f o:nesive 
and/or ove:rca,solidated glacial sediments which fonn bluffs ~ing in height 
frail a f- metres to aver 40 min places. ihese areas experience the most 
severe cngoing erosion alon;J the shoreline. Sane bluff areas have a wide 
sandy beach in front of them, but most bluff areas have little or no beach. 
water level fluctuations determine the portion of the coastal profile upacted 
by waves. I:Uring high levels, waves may strike directly on the bluff face, 
'While during • 1ow levels the waves expen:i most of their energy on the nearshore 
area. ·· 'Dle pi:, c sses ocntrolling toe erosion and bluff recession are ccmplex 
and are illustrated schematically in Figure B-3-3. 

Erosion of the nearshore profile is an inportant factor in the recession of 
these bluffs. Regardless of the water level, the nearshore profile is elqXISed 
to wave action. 'Dle total wave energy acting on the profile is deperdent on 
the wave climate, but is indepen:ient of water level. '!his wave action causes 
clowrMard erosicn of the profile. A decline in lake levels initially results 
in a lakeward lllOll'ement of the area of active erosion. As the erosion of the 
profile ocntin.Jes aver time, the water depth aver arrt given point on the 
profile :increases, allowing i,,uigies..ively laiger waves to awroach the shore 
and causing a :recession of the profile in a lanlward directicn. '!his process 
brings the area of active erosion back to the toe of the bluff, thereby 
resuming the pi:ocess of active erosion (Irrt:emational Joint canmission 
!\lnctional GrQlp 2, 1989a). 

Reoess4.on of the bluff is initiated by wave erosion at the toe and by the 
ocntinued raDCllal of slllllpEld material by wave and current acticn. Pecess~.on 
of the bluff above the limit of wave action results frail the cperation of a 
JUID!l' of sub-aerial pi.cc esses, including: slunping and landsliding at a 
variety of scales: piping and groundwater flow: and erosion by sheetflow and 
gully develcpoeut. 'Dle relative iDlx>rtance of each of these is deperdent en 
the bluff height, stratigrap1y, slope, and local groundwater conditiCllS. In 
areas of low bluffs and sinple stratigiapiy, retreat of the bluff crest 
CCl'lfOl!IB closely to the rate of toe erosicn. However, as the height of the 
bluff and cx:mplexity of the stratigiapiy increases, the recession of the tq> 
of the bluff beomes less and less correlated, in the short tel!n, with the 
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rate of toe erosia,. In areas where grcundwater flow is significant, large 
rotational failures may cxx:ur dudn:1 periods of low lake levels IOUigley et 
Al,., 1977). In areas where large-scale rotational failures or rapid gully 
developoeut are prevalent, the lcn:1-tezm recessia, rates are highly variable. 

A c:tJanae in the water level will have an initial inpact a, bluff recession 
rates, with an increase in rates associated with a rise in water levels and 
vioe versa. Both theol:y and results reported fran South Indian I.ake, Manitoba 
(Internatiaial Joint 0:mDissiai FUnctional GrWp 2, 1989a) in::licate that this 
initial c:tJanae is aily tenporacy while the beach and nearshore profile adjusts 
to the new level and the equilibrium profile is re-established. Actual 
measuraoents of erosia, rates underwater en I.ake Ontario (Davidson-Arnott, 
1986) and analysis of erosional profiles a, lake Erie (Rlilpott, 1984) prc11ride 
further SUff)Ort for these d:lsezvations. 

'lhe establishment of a stable water level regime would probably reduce sane of 
the year-to-year variability in erosiai rates. At .:res nt there are higher 
erosiai rates durin;J periods of elevated water levels and lower rates durin;J 
periods when water levels are fallin;J and lower than the lcn:1-tenn average. A 
reductia, in the rarge of water levels would tend to sroooth out variations in 
erosion rates since there wcw.d not be as 111.lCh variation in the location of 
the breaker zone and in the ancunt of wave energy reac:hin;J the toe of the 
bluff. 

A reduction in the mean lake level would lead to a tenq:,oracy reduction of toe 
erosia, in mcst areas. HoWever, erosicn of the underwater profile would 
cpickly lead to the establishment of a new equilibrium profile and a return to 
the lcn:1-tezm average recessicn rates (International Joint CC1111nission 
FUnctional GrWp 2, 1989a). Exceptions to this cx:JUl.d cxx:ur in areas where 
erosion of the nearshore profile would be restricted by the presence of 
bedrock or a well-devel.qlE!d boulder lag. However, in these areas recession 
rates are generally already low, so that the overall inpact of water-level 
c:tJanaes is likely to be small. It is also possible that sane bluff locations 
that are recedin;J at the tq>, primarily due to grcundwater flc:,,is, may 
experience large rotational failures durin;J periods of low lake levels or 
followin;J an overall lowerin;J of lake level. Reduced water levels would 
tenporarily reduce toe erosion in these areas, b.lt oontinued g:ro.irxlwater 
acticn would lead to recession of the bluff crest. '!his in tum wcw.d result 
in an overall flattenin;J of the bluff slqie which cx:JUl.d pennit a rotational 
failure of many metres in depth to cxx:ur (~gley et al., 1977). 

Factors other than wave energy oontrib.rt:e to the erosion of bluffs in many 
areas. sane of these areas are partia.llarly susceptible to erosion caused by 
grcundwater an:3/or surface water flc:,,is (e.g. Scamorough Bluffs, I.ake 
Ontario). In such areas, a high rate of surface water or grcundwater flow can 
lead to an aooelerated rate of erosion. Both lake level and the volume of 
surface water and grcundwater flc:,,is are deperdent on the ancunt of 
precipitation (~gley .@t....ly,., 1977). Heooe, it is likely that durin;J periods 
of risin;J lake levels, there will be high rates of gully and bluff erosion in 
these areas due to above-average water flc:,,is. 
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Ooast:al. Bluffs 01/erlyhr,, Bedto.:k· 

In several lcx:ations alag the Great lakes shoreline, the be:h.ocJ,. is very 
close to the water surfaoe. In these lcx:ations, vertical erosion of the 
nearshore profile is slow and a gently-slcping rock platfonn develqis which 
greatly '"811res wave energy reac:hirg the toe of the bluff. In other areas, 
loi1ere the sediments in the bluff have a high boulder content, the boulders may 
be a.n:::anl.tated in the nearshore to fonn a lag deposit which also '"811res 
vertical erosicn of the nearshore profile. '!he degree of protection afforded 
by the boulders depends on the thickness and CCl'ltinrl.ty of the boulder lag. 
In m:st lcx:ations it is likely that boulders reduce the erosion rate bJt do 
not eliminate reoessicn OCllpletely. 

In both of these types of coastal areas, bluff reoessicn oocurs primarily 
during periods of elevated water levels, and a reduction in either the rarqe 
of lake-level fluctuations, or in the lag-tenn mean lake level, cx:w.d lead to 
a reducticn in the bluff recession rate. However, it shoold be recognized 
that in lll0St of these areas the recession rate is already relatively low, and 
that a reduction of lake levels of the order of 1-2 mwill have little or no 
iDpact en m:st problem erosion areas. 

Samy Bead,/Mainl.am 

Because even small waves are capable of eroding and transporting sain, sain 
beadles and their nearshore zones ten:i to undergo relatively rapid dlanges in 
fonn in response to cilan;Jing wave ocn::litions and water levels. '1he fonn of 
the beach is ocntrolled by "static" factors such as sediment', size and 
abundance, substrate slcpe and wave climate, and by "dynamic" factors such as 
w.in:i, wave and water level ocn::litions. Because of the limited fetch 1~ 
en the Great Lakes, lll0St profiles are characterized by the presence of one or 
more nearshore sani bars. '!he rarqe of profile types and characteristics is 
illustrated in Figure &-3-4 and Table &-3-1. 

'!he sandy beach profile exists in a state of equilibril.DII with the fonn 
reflecting a balance between pn:x:esses ten::li.ng to m::,ve sediment onshore and 
those ten::li.ng to m::,ve it offshore. Olan;Jes in wave characteristics, 
w.in:i~iven cunents and water levels alter the rates and patterns of 
cn--offshore sediment transport, leading to a re-adjustment of the profile 
towards a new equilibril.DII fonn. Generally these dlanges ocnfonn to the 
general model of stonn and fainieather profiles (Kanar, 1976; Figure &-3-5). 
During maj= stonns, the increased wave energy and raised water levels lead to 
erosion of the beach and benn, flattening the profile and transporting 
sediment offshore. During periods of low wave activity, thi.c: sediment- is 
Dl:IVed back onshore and the beach blilds up. '!he retum of sediment to the 
beach may oa.:ur through the onshore migraticn and ''Weldin;J'' on inner nearshore 
bars (Davis and Fax, 1972; Davis et al., 1972; stewart and Davidson-Amott, 
1988), = it may result fran gradual rel::uildi.ng of the benn. Because stonns 
are more frequent and intense in the spring and fall IIICllths, beach profiles 
ten:i to be IIIX:b flatter during these periods as OCllpared to the sunnar IIICllths. 
Widening of the beach is also enhanced by the seasonal fall in water levels 
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PIGmlE B-3-C: Sl!U!IC'l'l!D l'RlPILl!S HUI lfflDll'. SDl!S 
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TAIIUC B-3-1: PR1'1JR Sl'l'l!S All). a111MC1'1BIS'l'CS 

DIS-
OUTER- DEl'TH YANCE 

BAR TO TO 
FETCH BARS HEIGHT CREST CREST 

SITE (km) SLOPE (N) (m) (m) (m) 

East Christian Island, Georgian Bay 3 0.040 0 o.o o.o 0.0 
West Beckwith Island, Georgian Bay 3 0.032 1 0.10 0.25 40.0 
Christian Island, Georgian Bay 15 0.007 6 0.40 1.1 130.0 
East Beckwith Island, Georgian Bay 25 0.012 2 0.18 0.4 85.0 
Thunder Beach, Georgian Bay 40 0.030 2 0.30 1.55 55.0 
Little Sable Point, Lake Michigan 160 0.010 4 1.60 3.5 320.0 
Wasaga Beach, Georgian Bay 170 0.008 5 0.50 1.0 120.0 
Wendake Beach, Georgian Bay 170 0.013 2 0.6 I.I 70.0 
Long Point, Lake Erie 230 0.009 4 2.2 3.5 280.0 
Sauble Beach, Lake Huron 270 0.007 4 1.2 J.5 200.0 
Magdalen Islands, Gulf of St. Lawrence 300 0.008 3 4.0 5.6 800.0 
l<ouchibouguac Bay, Gulf of St. Lawrence 300 0.012 3 2.0 2.5 275.0 
Van Wagners Beach, Lake Ontario 320 0.018 2 0.6 2.9 140.0 
Pinery South, Lake Huron 340 0.011 3 1.2, 2.0 175.0 

So11rc,,: Data for Little Sable Point from Hands 1976, for Magdalen Islands from Owens 1977, 
and for Pinery South from Gillie 1980; data for Van Wagners Beach supplied by John Coakley, 
Canada Centre for Inland Waters; data for other sites from author's research. 

Fran: Davidaon-Amott, 1988 
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FIGCRB B-3-5: lfflHI WWW FAIR WWW.wt J«F.i.u.: RIMI 
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duri.rq the simner and early fall, 'lmile c:xnversel.y I the seasonal highs can 
lead to erosien of the :backshore an:l dune cliffi.rq duri.rq spri.rq stems. 

I.cnJ-teI:m water-level fluctuations also affect the beach an:l nearshore profile 
by shiftin;J the locatien of wave shcali.rq an:l breakin;J. '!his in turn alters 
tbP secU-nt- transport patterns until a new equilibrium profile is 
established. F.ssentia.lly the profile shape remains the sane but its location 
shifts. Wozk by Han:ls (1976; 1983) has denalstratecl the dynamic: respons.. of 
the nearshore to chan3'i.rq water levels (Figure B-3-6). When water levels rise, 
the nearshore bars migrate lan:iwards an:l up.iards, an:l when water levels fall, 
the bars migrate offshore to lower elevations. 'lhe effect is to maintain a 
dlaracteristic profile with the l'IUllbar of bars an:l the depth of water aver the 
bar crests ranainirg roughly constant. Hcwever, because of the large volumes 
of sedinent :involved, profile chan;Jes usually lag behind water-level chan3'es. 
'lb.ls the ncu:1.0..est beaches an:l greatest potential for erosien occur duri.rq a 
perio:l of risi.rq water levels before lan:iward migratien of sedilient catches up 
with the migrati.rq shoreline. Once water levels stabilize, the nearshore bars 
will migrate to their equilibrilDD depth an1 offshore location, leadin;J to 
greater energy dissipation in the nearshore. Conversely, duri.rq perio:ls of 
falli.rq lake levels, beaches tend to be wider than average an:l once water 
levels stabilize, sediment will be transporte::1 offshore until the equilibrium 
profile is re-established. 

Sandy beaches also exhibit longshore variations in beach fonn and width on a 
z:an;ie of l~re len;ith scales associatecl with features such as beach cusps, 
giant cusps and rhythmic topography, and longshore san:iwaves (Kanar, 1976; 
Greerw:xd and Davidson-Arnott, 1979; Stewart and Davidson-Arnott, 1988). 
Beach cusps are transitory features with relatively small dimensions; however 
the other two types of variatien are more significant because of their greater 
lorqevity (weeks to years) and size. Giant cusps and rhythmic topography are 
often associated with the develcpnent of rip runent oells and 
three-dimensicnal nearshore bars, and have longshore wave len;iths of 100m and 
shore-ncmnal dinensions of 10m. I.on;Jshore san:iwaves have alon;shore len;iths 
of 1000m and shore-nonnal len;iths of 100m. 'lhe presenoe of these features on 
the beach increases the dynamic ran;ie of chan;Jes in beach slqie an:l form. 

Bani.er BIB:il / n.me caplex. 

Barrier sand beaches differ fran mainland beaches in that the beadl/dune area 
is backed by a body of water such as a bay, lagoon, river or marsh. Barriers 
en the Great lakes include barrier spits such as I.on3' Point and Presque Isle 
en Iake Erie, baymcuth barriers such as the a.Jrlington Bar and San:1banks on 
Iake ontario and numerous smaller barriers across the ll'0Uths of small rivers, 
and oc:nplex cuspate features such as Point Pelee. 'iftrl.le the beach and 
nearshore profile and dynamic behaviour are similar to mainland beaches, 
barrier beaches have the added caiplexity that beach an:l dune erosion duri.rq 
severe stoms can result in breachi.rq of the foreclune an:l creatien of aveIWaShes 
or inlets as water flows across the barrier into the body of water behind. 
'Die washcYers and inlets play an inp:,rtant role in the dynamics of the barrier 
system, particw.arly in areas with a negative sediment b.Jdget where lan::lward 
sedi-rrt transfer is essential to maintainin;J the integrity of the barrier. 
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FIGIIIE B-3-6: tmsml!D PKlF1u: AOOUS'DD'l'8 CJlll!R A ~'ml!R PmUCD OF RISIK; '1'lll!Ji 
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OYerWash and inlet fcmnatioo occur durin,J major storm events and their 
tenporal frequency is very closely cent.rolled by lake-level fluctuations. 
Worlc by Fisher (1989) has clocumented the relatiaiship between averwash 
occ:urrenoe, sediment 1::ui;Jet and water-level fluctuations for the I.erg Point 
barrier. Generally, a :i:e::Iuctioo in the rarge, or mean lake level, 1'1Ql}_d 
prooably lead to a temporary :i:e::luctioo in the frequency of occ:urrenoe of 
aveJ:WaSh events on the Great lakes barriers, and remove the cyclic dependency. 
OYerWash occ:urrenoe is ultimately depement oo the storm wave cl:illlate and oo 
the loca.1 sedinent- 1::ui;Jet. 

Iaor OBstal. Plain 

Alcn;J the o:xuectin,J channels and in protected bays, the lack of wave actioo 
restrict.c: sediment- transport and the develcpnent of either beadles or 
erosiaial coastal forms. 'lhe beach CX11Sists of a nant:JW expanse of 
poorly-sorted sediment and there is very little sediment transport either 
on-offshore or alon:JShore. In laii-lyirg areas, particularly where marshes are 
pi. smt, dynamic precesses are related to the water-level fluctuations and not 
to wav~ted ('"'OOC'."ses, and 11ICSt proolems relate to inundatioo durin,J 
periods of high lake levels. 

Wetl.ams 

Wetlands caiprise an inportant part of the Great lakes shoreline. 'lhey are 
=itical habitats for numerous species of waterfowl, fish and other wildlife. 
'lhey also play an inportant role in water quality. water-level fluctuatiais 
can have inpacts an all of these factors and in fact are likely necessary to 
maintain the habitat diversity fam:i in wetlands. Because of their 
inportanoe, wetlands are treated as a separate environment in this Annex. 
Detailed disc11ssi.on of the inpacts of fluctuatin,J water levels an wetlands can 
be fam:l. in Section 3 . 3 . 

0mm / Pn:Jtect.ed 

'While w:ban and protected shorelines are not "natural" shorelines per se, theY 
make up a sizeable percentage of the Great lakes - st. Iawrenoe River 
shoreline, and thus, deseive mention. urtian, as referred to here, indicates 
that there are few natural remnants of the shoreline visible and that the 
shoreline is a1lOOSt totally artificial. An exanple 1'1Ql]_d be the city of 
Chicago, Illinois, where the shoreline CXllSists of artificial parkland and 
high density residential develcpnent. 

A lUliler of piysical inpacts on protected shorelines exist and have been 
disc'lssed ~n FC2's Coastal Processes Workshq> (Internatiaial Joint Omnission 
P\mctiaial GrC1Jp 2, 1989a). Protected shorelines, in general, terrl to modify 
the natural );'"'OOC'."ses, i.e. wave reflection, wave refraction, etc. 'lhe fonn 
of modificatioo will be detennined by the type of shore protectioo PI esent, be 
it shore-perpeniicular, shore-parallel or offshore. 
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Water levels were identified as an bp:>rtant factor affectin} protected 
shorel~. rn the short-term, low water levels 'WCUld 8.1q)OS8 structures, 
causiDJ previously unexposed sections to be subject to degradation by the 
elements. However, with extreme low water levels, structures might not be 
MWWJ since stom wave activity may not :rmdl them. stom waves durin} high 
water level periods can avertq:, structures causin} inlarxi floodin;J arxi 
erosiai. structures such as grcynes 'WCUld deflect lcn;ishore sediment 
offshore. Shore-plrallel structures 'WCUld reflect 11Dre wave energy, 'Whidl 
'WCUld scour the sediment- at the structures• l.akewaxd base. 

I.cng-1:eJ:m high water levels may make p:r es,; 1 tt structures redun::lant arxi 
"lPOeSsi.tate the OCl'ISb:uctiat of new a,es. 'Jhe accelerated erosion of the 
l.akeward side of sane structures 'WCUld, in the lcn;i-tel:m, decline with a 
reestablishment of an offshore equilibrium profile. Hcwever, in many cases, 
the aooelerated erosiat a1 the structure's l.akewaxd toe 'WCUld un::lennine the 
stcuc:blre causin} it to fail. 'When a structure does fail, the area laniward 
of the structure can e>cperienoe rapid erosion, since the profile is not in 
equilibrium with the ooastal pi:ooess. 

~-term low water levels may negate the necessity of the structure in the 
short-term. However a lowerin} of the offshore profile throogh erosion may 
c;piclcl.y reestablish erosion at the location of the structure. 'Jhe inpact of a 
drq, in mean water level on a protected shoreline 'WCUld deperxl upon what type 
of substrate becat- the focal point for wave attack. If the material is 
resistant to erosion (e.g. bedrock), the need f= structures may be negated. 
However, if the material is 11Dre susceptible to erosion, the recession rates 
may aooelerate in the short-term arxi eventually un::lennine the structure, 
causin} it to fail. Sane structures may be ren:iered ineffective if designed 
f= present mean water levels. I.awerin} of mean water levels cnild also have 
significant bpacts a1 navigatiCllal structures such as hart>our walls = 
jetties. Increased dredginJ, = in::reasin} the lergth of jetties, may be 
recessa:::y. 

'Jhe p:resenoe of ice alcn;i the shoreline in winter also adversely affects low
lyinJ, protected shorelines. Ice raftinJ durin} winter can seriously damage 
the protection structures, as well as scour sediment away fran the structures' 
iqpa:t... 

rn additiat to ooastal pi:ooesses, there are a m.mtier of non-coastal processes 
that shalld be 0C11Sidered, as they can have a significant inpact on protected 
shores. Various geotedlnical arxi hydrologic processes such as gmm:iwater 
s rage, surface nmoff an:i gullyin} can all affect protected shorelines in 
sane manner. 

IME / UIND llf.lmAC1'IClf 

'Jhe interaction of air, water am lan:i in the ooastal zone •cx:nprises a 1.Dlique 
geanozp10logical syst:an 'Whidl leads to the txansfonnation of the ooastal 
larxifoI111E throogh the action of processes generated by winds an:i waves. 'Jhe 
rrooesses ~hernselves an:i the nature of their interaction with the materials 
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that make up the "land" are extremely cx:mplex and are described in detail in a 
nunt,er of textbooks (e.g. Kanar, 1976; U.S. Anny Coq:,s of Ergineers, 1984; 
carter, 1988). '1he foll~ section briefly describes hew these pi:c- esses 
oantrol shoreline charqes in the Great Lakes, partio.ilarly as they relate to 
prcblEIIIS asscx:iated with coastal erosion and floodirg. 'Ihese are reviewed in 
sanewhat greater detail in the Coastal Processes Workshq> (Intemational Joint 
0:mn1 sci 'Tl l'\mctional Group 2, 1989a) . 

'1he area of lake/land interaction can be tanned the coastal zone, and this in 
tum can be divided into: 1) the littoral zone, exten::lin;i fran the limit of 
stem wave action on the beach or bluff offshore to the maxiJJum depth at ~ch 
wave action can effectively transport sediment on the bed (rcughly 8-lOm in 
the Great takes); and, 2) the coast, the area of land behin:l. and generally 
above the limit of wave action ~ch is influenced by proximity to the water 
body. 'lhis may inclme coastal bluffs, sand dune fields, wetlands, and areas 
subject to oocasional inundation. '1he shoreline can be defined as the 
intersection of the still water line with the land. Short-tenn charqes in its 
position ooa.ir as a result of water-level fluctuations due to wind and wave 
action and to seasonal charqes of net basin SU[:ply. Small chan;Jes also ooa.ir 
in response to local patterns of beach erosion and a=-etion. 'Ihese chan;Jes 
can be thc:ught of as oscillations abaJt a mean position, as can the chan;Jes 
related to the longer-term lake-level cycles. over a lOO;Jer period of tbne, 
shoreline displacement leadi.n;J to sul:lnergence or emergence ooa.irs in response 
to •tpennanent.11 charqes in water' level resultin;J fran post-glacial isostatic 
adjusbnents and chan;Jes in the elevation or depth of the lake OJtlets. 
Finally, horizontal displacement of the shoreline ooa.irs as a result of net 
erosion or a=-etion of the coast. 'lhe latter ooa.irs primarily in response to 
p:"'OOeSses qieratin;J in the littoral zone, and it is illportant to distin:Juish 
these effects fran those associated with the seasonal and lOO;J-term lake-level 
flucb.Jations. 

Littoral Zale and Brar::has 

As waves travel fran deep water towards shore, they reach a depth where water 
motion begins to exert enough force to m:ive bottan material (i.e., bed load 
transport). When the depth is further decreased, the force J:.ecu,ee sti.-on;er 
and material be;• 11es agitated and suspended (i.e., suspended load transport). 
Finer material is m:ived lakeward, ~le coarser particles may migrate 
shoreward. When a depth is reached where the wave can no lorqer SU[:pOrt 
itself, it breaks and travels as a flood of water, carryin;J with it suspended 
bottan material. 

As the waves break, they dissipate energy in the surf zone. '!heir remainirg 
energy is dissipated as they finally rush up the foreshore, where it is either 
dissipated or reflected fran the toe of the bluff at tbnes 1"'tien the foreshore 
is subnerged. '!he travel beycrd the static level of water on exposed 
foreshores is Jcro.m as wave uprush. A wide beach is the ID:lSt effective method 
of dissipatin;J wave energy. 

Oltside the surf zone, in the area where waves "feel" bottan, undeIWclter 
~y may influeooe the diffraction and distril::ution of wave energy 
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reac:hing the shore. If the offshore slcpe is unifOJ:111 ani even, the wave 
attack alaig the shore will be fairly unifOJ:111. If the offshore bottan is 
irngular, the wave attack may vary 01X1Siderably within a short len;Jth of 
shore. tJn:EJ:water valleys tend to disperse the waves over a wider len;Jth of 
shore, while hlmps ani ridges tend to focus the waves on a shorter stretch of 
shore. 

Win::t waves can blild or destroy beadles. Short, steep stonn waves are 
destructive ani tend to strip the beach of sand. ~ swells, originatin3' 
fran distant or abatin3' st.oms ani mild wirds, are OCl'IStructive ard tend to 
reblild the beadles. Beadles may umergo alternate erosion ard a=retion ani 
be subject to frequent variatiais. 'lhe Great Lakes wave cl.illlate is primarily 
destructive. 

nirin;J stom oonditiais, several factors oc:lli:>ine to erode the shore. In a 
t:rcrln of stom waves, the waves may have varyin;J dlaracteristics. 'Ibey break 
at different depths, widenirg the surf zone am resultin;J in a larger bed am 
suspenied load transport area. 'Ibey are also ~ am have a c:uttin;J 
action on the shore. 'Dle dawnrush of each wave carries away nore material 
than is bro.ight shorewarcls by the run-up of the followin;J wave. 'Dle result is 
shore erosion. If the waves are aooc:npanied by currents am high water levels 
associated with wind setup, parts of the nonnally dry shore can be inmated 
am eroded. 

'lhe term "l.lnooosolidated littoral sediment-. prism" is used to define the total 
exposed ani subnerged unca.solidated sediment dep:lsits (primarily sand) within 
the littoral zone that significantly influerx:e shore prooe::ses fran wave 
action am currents. It exten:1s fran the effective limit of stonn waves to a 
point in the littoral zone where sediment is less actively transported by 
waves am currents. It is a~ deposit or restin3' place for sa:wnents 
in active transit alorg the shore, or on am off the shore, am is subject to 
periodic shape c::haI13es due to wave action. 

'Jhe effectiveness of actiw sediment- prisms for shore defense rests in their 
ability to dissipate wave energy am protect the nearshore zone bottan am 
shore bluff fran direct wave action. 'Dleir effectiveness depen::ls on their 
size at any partiOJl.ar time, the duration of their tenp)ral exi.sterx:e ani 
their stability, as illustrated schematically in Figure B-3-7. However, they 
are "dynamic" or "active" in nature in o:>ntrast to the "static" dlaracter of 
lag deposits. 'Ibey are fOJ:llled in part by unconsolidated granular material 
derived fran shore erosion ani bro.ight by waves as littoral drift. 'lb retain 
their effectiveness as a shore defense, any material removed fran the prism 
'111.lSt be replenished by littoral drift fran an wtside source, a river supply, 
erosion of adjacent shoreline or fran the offshore. If the natural beach or 
nearshorP sediment- prism material supply is tenporarily upset or pennanent.ly 
cut off, the size of the beach am nearshore sediment prism may diminish am 
its effect.'·vress !IS a shore defense may be tenporarily reduced or CC11Pletely 
lost. 

In order for a stable beach ard nearshore sediment-. prism to fOJ:111, not only 
'111.lSt there be an ab.llldant supply of sand, bJt a certain gradin;J of the supply 
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PJiW B-3-7: &E&...TIV m" ACTIVE Sl!DDBll'1' PlWII AS SRH. l&&iCE 
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of beach an:i nearshore prism material fran littoral transport JDJSt be 
satisfied. A unique relatiaiship beb1ee11 the total volume of littoral 
material 51.Wly, particle size distribrt:iai, wave parameters, wave energ'j, 
base slq,e an:i pemeability of base, am the beach am nearshore deposits JDJSt 
be satisfied; otherwise, a stable beach prism will not form. Even with a 
large volume of littoral transport, if there is a deficiency of coarser beach 
J1Bterial, only a maxginal unoonsoliclated sedinent prism ~d fonn with a 
narrow or ncn-existent beach. 

J\l:sence or virtual absence of beaches is quite CUIIIUI 00 sectiais of the Great 
lakes bluff shore, in spite of large volumes of littoral transport consisti.rg 
mainly of fine to very fine sam. 'Jhe active sed.iJllent prism ai the Great 
lakes does not extend beycn:l a depth of 10 metres am often is fcurrl only to a 
depth of less than 3 nel.tes. 

'Jhe lakeward limit of the shore zaie is the piysiographic shore zaie or the 
littoral zone, taken as the limit of littoral 111C1Vement which significantly 
influences shore processes. 'Ibis zone contains the active sed.iJllent prism and 
is 'Where virtually all wave energ'j is expended. 'Jhe maxlllLll!l depth to which 
significant san:i 111C1Vement occurs is the depth bela., which shore-parallel 
or:nta.irs give way to irregular oont:oJrs. 'Ibis marks the local transition 
between the nearshore zaie, 'Where sams are 111C1Ved by the waves in significant 
quantities, an:1 the offshore zone, 'Where san:1 is IIIOVed in lesser quantities. 
:rn m:st areas this depth is abcm. 10 metres. 

Littmal. PP.IL~IMICel51SeS 

Littoral pi:ooesses are the result of interactiais airon;J win:is, waves, 
rurrents, water levels, sed.iJllent SIJF4)ly am other i;:tiencmena in the littoral 
zone. 'Jhe daninant pi:coc::ses lead.in;J to erosion, sed.iJllent transport am 
deposition within the littoral zone are associated with waves, wav~ted 
rurrents an:i, to a lesser extent, win:i-<3enerated currents. 'lhese in turn 
control the resultant 111C1Vement of sediinent alon;Jshore am on-offshore. 'lhese 
littoral processes may be JIIXilfied by water-level chan;Jes am by the presence 
of ice duri.rg winter. 

'Wherever consolidated material such as bedrock or bluff sediments is eiqiosed 
to wave action, erosion takes place as a result of fluid stresses generated by 
the wave omital motion, tw:bllence due to wave ~ am the direct in:pact 
pressures generated by waves brealcin:J at the toe of a bluff. Where sane 
sediments are pi:esmt oo the bed, 111.ldl of the erosion takes place as a result 
of abrasion by the in:pact of particles bei.rg rolled across or hurled against 
the substrate. cri relatively weak material such as glacial till, wave action 
can result in erosion rates of tens of centimetres per year, while in areas of 
resistant rock such as limestone or granite, erosion rates may be measured in 
milliDEtres per thwsani years. 

'Ole DBterial eroded directly by wave action or bralght to the littoral zone by 
rivers an:i by slUDPi.rg of bluffs is winn:::Med by wave action, with the fines 
(generally less than 0.06nm) bei.rg dispersed offshore am deposited in the 
deep lake basins, an:1 the coarser sed.iJllents bei.rg retained in the littoral 
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zaie to fotlll the sediment prism of the beach and near.;hore zone. 'Ihe 
thickness and extent of the beach and nearshore sediments that make up the 
littoral sediment prism depend both on the magnitude of sediment SUR;>lied fran 
wave erosion and land saJrOeS and on whether the sedinent is retained in place 
or remcvecl alcn;ishore to sane other location by 1Qn3Shore seclilnent transport. 

'Ihe sedinent". of the beach and near.;hore zone acts to dissipate wave energy and 
to protect underlyin;J CC8'lSOlidated material and the bluff toe frail erosion. 
lh!re sedinent-. is. abmdant and the littoral sediment prism extems fran the 
beach to the limit of wave action, coastal erosior, ceases entirely. Hcwever, 
oo many parts of the shoreline of the Great Lakes the littoral sediment prism 
is nearly absent, or only partially develqJE!d, so that it offers only limited 
protectioo fran wave action, and erosion of the ooast continues. In many bluff 
areas, the sediment prism is poorly develqJE!d despite the continuoos addition 
of large volumes of sedinent to the littoral zone thrcu;lh bluff recession. 
'lbe controls on the volume of sediments that oocurs in the beach and nearshore 
zone in any area can be examined thrcu;lh form.llation of a littoral secllinent 
budget, and within the framework of a littoral cell. 

'lbe sediment J:ujget is sinply a means of aocountin;J for all ir:plts, transfers 
ancl. cutputs of sedinent in the littoral zone for a defined shoreline lergth. 
'lbe ir:pJts and CAJtplts DVJSt relevant to the Great Lakes are shCMn in Figure B-
3-8. In the Great Lakes, river saJrOeS are relatively un:illportant and IIDSt 
sancl. is derived frail bluff erosion and reworkin, of glacial and post-glacial 
sediments. In sane areas, such as the bedr=lc ooasts of eastmn Georgian Bay 
ancl. Iake SUperior, the volume of sediments in the littoral prism may be small 
because of the small volume of sediltlent sui:ply. In many other areas, 
partiOllarly alorg the bluff shorelines of the lower Great Lakes, sediment 
irp.tts are high and the extent of develc:pnent of the littoral prism depems 
primarily on the balance between sediltlent .inplt fran up:l.rift and art:p.it 
dowmrift by lcn;isbore sedinent transport. 

I.cn;Jshon> sedinent- transport results frail wave awroac:h at an angle to the 
shoreline and the rate is a function of wave height and the angle of wave 
awroach. Most of the m::ivement takes place in the zone extendin;J fran the 
beach to just outside the breaker line. 'Ihe gross lorgshore sediment 
transport can be defined as the total sediment transport SUl!llled for all wave 
oon:litions aver a period of one year. Of greater ll!J)Ortance for the secllinent 
budget is the net 1Qn3Shore sediment transport, which is the difference 
bebl8el"I sedinent- m::,vement to the right and to the left aver the one year. 
ibis defines the directioo and rate of net sediment transport alorg the ooast 
ancl. is controlled by the anrual wave climate {frequerx::y of waves by height, 
period ancl. direction classes), refraction of waves in the nearshore, and by 
the shoreline orientation. 

Alcn:;J DVJSt of the Great Lakes ooast it is possible to divide the shoreline 
into littoral drift cells, dlaracterized by net sediment transport in one 
direction ancl. defined by up:l.rift and down:lrift lx:mrlaries across which there 
is littlP sediment exchm:Je. Ideally, a littoral cell consists of an up:l.rift 
source ~ sediment is sui:plied to the system, a central area daninated by 
transport, ancl. a c:lowrdrift sink where there is net deposition. In the lower 
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Great lakes, mcst of the cells are associated with ero:lin;J coastal bluffs as 
the updrift saJree, with spits and baym::uth barriers fonnin3' the dcwmrift 
sink (Figure &-3-9) • Because of the elliptical shape of each of the Great 
lakes, there is usually a major dlarqe in the directim of sediment: transport 
midway alcn;J the shoreline because of the relatimship beb.een fetch len;ith 
and the size of waves generated. nrus, m Lake entario, net sediment: 
transport at the wesl:el:n end of the Lake is to the west because of the nuc:h 
laxger waves generated by wims blowin] fran the east CNer the full len;ith of 
the Lake. ~, IIICl,Ti.rq towards the east, the fetch len;ith fran the east 
decreases lotlile that fran the west in:::reases until a point is reached at which 
the waves fran the west be 1 11e claninant and net sediment transport switches 
towards the east. 

:rn the idealized littoral drift cell depicted in Figure &-3-9, the potential 
net sedirnem: transport (which is a functim of available wave energy) exceeds 
the sediment acbally available fran bluff erosim and fran updrift CNer nuc:h 
of the cell. :rn this area, the littoral sediment bd;Jet will be negative 
because lcn;ishore sediment transport out of a:ey stretch of the shoreline will 
---, :i1'pJts fran updrift. As a result, the littoral prism will be thin, 
affordin;J mly limited protectim to the toe of the bluff am the nearshore, 
and leadi.rq to oontinuin;J erosim. It is mly at the extrene dcwmrift end, 
loilere there is a reductim in potential transport, that the sediment l:u:iget 
beo:mes positive, leadi.rq to the J:w.ldi.rq of a wide beach and cx:auplete 
sedirnem: aNer across the nearshore which offers total protectim against 
further erosim. 

Share C2langes 

Examinatim of shore fonns am features can provide a clue to the nature am 
character of shore pzc- Mses, and identificatim of the erosional and 
depositional sectims of the shore. 

Shore fo:cm changes are generally described in te:cms of reoessim, erosim, 
depositim or aocretim. '1he pzooesses are illustrated in Figure &-3-10. 
"'eoession is the landward retreat of the shore by l:'E!OOl/al of shore materials 
in a directim perpendicular am,tor parallel to the shore. '1his can oocur 
with erosim above am below the water level. 

Erosim is a volumetric reductim of shoreline material by natural processes. 
It is ratDYal of soil, surficial deposits or :rock fran a:ey part of the shore 
face with a net loss of the eroded material t:hrol4l lcn;Jshore or offshore
mshore IIIC!ITamnt. 

Aocretim is a volumetric additim of shoreline material by natural 
depositim. It is an aoomJJatim of excess sediment-. material m the beach 
foreshore by littoral drift depositim. Beach aocretim may be seasonal am 
alternates with reoessim. Ihm ao::retim predaninates CNer reoessim, the 
shore is aggradi.rq. 

Shore reaches can be classified as aggradi.rq, erosional or recessional, 
dependi.rq m whether aocretim, erosim or reoessim is takin;J place. em 
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any shore, the erosional and depositional features may alternate not only in 
space bJt in tiJDe. 

On the basis of its horizootal positiai, a sectiai of the shoreline may be 
experiencin;J stability, transgressia, (shoreline movin;J larxlward), or 
ie;µew.ia, (shoreline movin;J offshore). Transgressions or l.&:ll s'ons may 
result ftan relative displacement of the land and water body, as noted 
earlier, and small 1.&:11essions and transgressions result ftan the seasonal and 
lcrg-te.nn water-level fluctuations. Relative shoreline displacement is also 
still taki.n;J place due to differences in the rate of isostatic reboorn between 
the lake outlets and shorelines. Generally, shorelines that lie north of a 
lake outlet are experiencin;J 1.&:11essions, while those that lie to the sa.ith 
are experiencin;J transgressions. 'lhe vertical displacements are very small in 
the lower Lakes and the effects are negligible when OCl1tJill'8d to shoreline 
~ due to erosia, or aocretia,. In northern lake Huron and lake 
SUperior, however, ocntinued isostatic uplift is an illportant element ala,g 
with the prevalence of bedrock in maintaining shoreline stability. 

' 
If the effects of relative movement of land and water are neglected, 
shorelines can be divided into stable, accretin;J and eroding types. stable 
shorelines can be further subdivided into static and dynamic types. static 
stable shorelines ocx:ur where erosion is negligible due to very low wave 
energy (e.g. in protected bays and connectin;J channels) or on bedrock coasts 
.tiere the rock is extremely resistant to erosion. On coasts where a full 
sediJrent prism is develq:,ed, a dynamic stability ocx:urs with wave energy bein;J 
dissipated aver the beach and nearshore profile. DJrin;J periods of low wave 
energy, sediJrent is stored in the beach and foredune, and durin;J stonns this 
is eroded and transported offshore, fornwq a wide beach and surf zone. 'Where 
the se:liment b.ldget is negative, there is insufficient sediJrent to absorb all 
the wave energy and an erosional shoreline develcp; with the rate of erosion 
bein;J ocntrolled by the wave energy, stren;Jt.h of the urr:ierlyin;J material and 
by the extent of sediJrent deficit. Where the sediment budget is positive, 
sud!. as the downdrift errl of littoral cells, the excess sediment inp..lts fran 
updrift lead to prcgradatia, of the shoreline. 

BJdJibrium Share Farms 

A shore is said to be in equilibrium when it maintains its typical profile or 
geanetrical form. It may be eroding, accretin;J or stationary. If a shore is 
eroding or accretin;J bJt maintains its geanetrical form, it is said to be in a 
state of dynamic equilibrium. If a shore, after develq:,in;J a geanetrical 
form, has be,:, 11e stationary, it has reached a oon::litiai of static equilibrium. 

'lhe cxxa.JE4.1L of equilibrium profile is useful when ocnsiderin;J equilibrium 
shore forms. When a unifonn, erodible nearshore slq:,e a, an erodible base is 
subjected to a uniform wave attack at a constant water level, the profile will 
gradually be reroolded by the waves imtil a point is reached where no further 
chan:Je in shape ocx:urs urr:ier ocntinuing wave attack. '1his equilibrium profile 
shape is unique for the specific level of wave attack, water level and base 
and beach materials. 
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1ihen the water level, intensity of wave attack, or both are c::han;Jed, a new 
Eq.lilibrium profile shape will be formed. 'lhe rate of c:han;Je fran one 
Eq.lilibrium profile to aoot:her with ctian.in;J wave ani water-level oorxlitiOl'lS 
will be rapid at first, ani then climinish as the adjustirg l:leadl profile 
awroacties a new equilibrium. 'lhis trend in rate of adjustment fran one 
Eq.lilibrium oorxlitiCl'l to another has been c::bsezved both in the laboratory and 
in the field. Hcwever, very little info:r::mation is available Cl'l the actual 
rates ani their relationship to wave parameters, magnitude ani rate of water
level c:han;Je ani nearshore material dlaracteristics. 

'lhe variability of water levels and wave climate in nature prc:t,ably never 
allows full adjustment fran one steady state to another. Hc:Mever, water-level 
ani wave attack c:han;Jes Cl'l a given shore are within a certain rarge ani, 
therefore, a,e can speak of an effective mean Eqlilibrium profile 
dlaracteristic of the specific section of shore. 'lhe C01,::,epl of mean 
Eq.lilibrium profile is useful 'When COl'lSiderirg the effect of water-level or 
wave climate c:han;Je on the l:leadl and nearshore zone profile. 

Shore erosion occurs only under equilibrium profiles whidl maintain a maxill1um 
steepness corresponding to wave current and sed:iinent corditions at the site. 
Shore aggradation may occur with or without equilibrium profiles. 

In its natural develc.p-rt, a shore will tend to "faoe" the waves so as to 
minimize lorgshore transport an:ljor satisfy the continuity of the relationship 
beb.'een wave attack ani littoral transport. Because of the relationship 
beb.'een littoral transport, direction of wave attack and equilibrium fonns, 
the identification of equilibrium fonns is helpful 'When interpretirg littoral 
transport patterns and direction of predaninant wave attack fran examination 
of shore fo:cms on charts ani aerial ~ of l:leadl fonns. 'lhe geanetry 
of shore fo:cms can be derived fran the relationship beb.'een littoral drift 
capacity ani direction of wave attack. 

Qie of the most frequently encoontered shore fonns in nature is a crenulated 
bay with a geanetrical fonn which can be described by a logaritlmdc spiral. 
It is a "no drift" fonn and has been suggested and used to stabilize shores, 
with the use of artificial hard points as headlan:ls and crenulated bay 
fo:r::matiCl'l by natural wave action. 

Sources ani Sinks 

DepositiCl'l of eroded material is a continua.is prooess alon;i the shore. In 
studyirg shore pn,oesses it is necessary to identify ZCl'les of deposition or 
net acaun1J,.tiC11 in the nearshore area such as beaches, offshore bars, ani 
shoals, 'Where they can affect the nearshore prooess or be a source of material 
for l:leadl ncmi.shment, ani to identify areas whidl contri.b.rte sedil!lent to the 
littoral zone. 'lhese are usually identified as 11SCAll'OeS11 ani "sinks". 

A "scm:oe" is a supply of littoral drift material to the shore. It may be 
either a line scm:oe (erosion of the shore or bluffs), or a point source 
(material supplied to the shore by rivers and streams) • Artificial 
nourishment, depositiCl'l of material by humans fran inland SCAlI'OeS or fran 
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dredgiiq outside the littoral drift zone, is also oonsidered a souroe. 

A "sink" is a loss of littoral drift material fran the littoral transport 
zone. It may be a line sink (offshore loss to deep water), a point sink (loss 
into an offshore canyon), or deposition an a shoal. I.Dsses of material to 
a=retian ani depositian areas (shoals, aggradin;J beaches, spits, etc.) are 
caisiclered sinks. Aey rem:,val. t:hrcu;h dredgiiq is oonsidered a sink. '1he 
id:litian of material by man, sudl as beadl replenishment, is oonsidered a 
sa.u:oe. 

Olrlsideratian of the shore in terms of sinks ani sources is :inportant for 
critical analysis of lcn;ishore transport, evaluation of lon:,-tenn tren::ls in 
natural gec:mxphological develcpnent of shore fo:z:ms, ani estimation of 
sedinent b.ldgets. 

FUXX> JIND EIDrra'I Sl&»'l'IBI.L1'lY 

Mudl of the Great lakes - st. Iawrence Shoreline is prone to floodiiq or 
erosian, or both. Figures B-3-11 t:hrcu;h B-3-16 depict these areas in a 
general way. Work airrently beiiq corrlucte:i in the Reference study is 
intende:i to refine our knc:Mledge of these areas ani the lake foroes which 
affect them. 

In many areas, the hazard risk is either fran erosion or floodiiq, bJt in 
other areas the risk is primarily storm related and cx::curs in the form of 
waves urrlermi.nin, structures as well as crashb'g into them. Waves are also 
:inp:,rtant to coastal floodiiq ani as such, all the factors which affect their 
height, period ard speed are :inportant to floodiiq as well as to erosion. 
However, it shwld be pointed out that floodiiq can still occur independently 
of wave activity. '1he nearshore mo:qtiology also plays an :inportant role as it 
affects the ability of waves to penetrate into normally dry areas behind the 
beach. 

Floodiiq is a IXJel1Clll8llOI whidl is more sensitive to water-level fluctuations 
than is erosion. Because the Great lakes shores have many areas of low 
plains, the pee storm water level is :inportant to the extent of floodiiq when 
storm setup ani wave nm-up "?,!Sh" water towards a shoreline. If the area of 
i.mm::latian is a wetlani or an undevelc:ped area, the "damage" is minimal. 
Indeed, periodic floodiiq is fourxi to be beneficial for the maintenance of 
wetlard vegetation, because floodiiq helps to eliminate the invasion of uplan:l 
vegetation that cx::curs duriiq low water periods. In terms of human use of 
Great Lakes floodplains, low water levels :ironically present the most serious 
prcblem. D.lriiq lower water levels, the flood hazard to hanes, cottages ani 
other develcpnent often goes unrecxgnized. caiseguently, when floodiiq does 
oocur, damages are m:>re significant. 

Erosion alon:, the Great lakes shoreline is a major ocn:iem ard cx::curs at 
significant rates alon:, a higher percentage of Great lakes shoreline than 
alon:, the ocean ooasts. For exanple, awroximately 34 percent of the u.s. 
Great Lakes shoreline has been classified (U.S. Antrj Corps of En,Jineers, 1971) 

B-82 



FIGmE B-3-11: FLCXI> AR> l!I.UIICN PR:NB ARFAS AUK; '1'IIE JAKE SOPl'JUCR S11:RELJNE 

c:> 
LAKE Michtpieolen Island 

i . 
. 

Erosion 

UNITED STATES-Light & Modera1-

CANADII. & UNITED STATES•S..-, 

Floodint 

CANAOA•Moderate Flood Prone 

UNITED STATES-Flood Prone 

0 ,o 20 30 .. 50km 



FiamE B-3-12: l'IIXD AM> l!HlSIOil ADm AREAS AUN; 'DIE JAKE MI<JIIGIIN mnmLINE 

MILWAUKee. 

LAKE 

MICHIGAN 

B-84 

CHARLEVOIX 

fflANKFORT 

GRAND HAVEN 

Flooding 

~ UNITED $TATES- FloO<I Prorie 

Er05ion 

□ UNITED STATES-Lighl 6 Moderate 

0 \0 ,o 30 

P&MB1989 



FIGOm B-3-13: l'lilD .IN) IRJSICN PlDE AREAS AI.CR; 'l'IE IAKE IDQi SIDIELD£ 

SAULT STE MARIE 

.. 
·, 

·, 0 ·,., 
• 
\ 
• 
\ 

B-85 

~ 
~ 

ii . . 
9 

Floodtng 

CANADA-Modaate Flood p,_. 

UNITED STATES- Flood Prone 

Erosion 
UNITED STATES-Light& Moderate 

CANADA-Moderate 

" .. 1qo km 



FICDIE B-3--14 : ftlXI> 1KI IRISICl!l PRR .IIRFAS AI.CH; 'DE IAKE BUE SIDU!LINE 

Port Stanley 
•:;::i.,•:,.,. 

Pon Bu,well 

LAKE ERIE 

Flooding 

ICANAOA- Moderate Flood Prone 

CANADA - Se11ere Flood Prone 

UNITED STATES - Flood Prone i 

Port Colborne 

Erosion 

UNITED STATES -
Light & Moderate 

CANADA- Moderate 

~v 

CANADA & UNITED STATES -
Severe 

0 10 20 
' 40 

rkm 
W,&MB19H 



PI<amB B-3-15: 

% 
...... 

PUXI> AM> BIDllCli ROE ARFAS AUK; TIIE IME ClffilRIO SIDll!LINE 

(_,........., ......... 

, 
Cobourg -I , 

I , 
LAKE ONTARIO I , _____________________ / 

Flooding 

I CANADA-Moderate Flood Prone 

CANADA-SEvere Flood Prone 

UNITED STATES-Flood Prone 

Erosion 

i UN TED STATES-light & Moderate 

CANADA-Moderate 

CANADA & UNITED STATES-Severe 

0 lP 23 
w 



'1' 
a, 
a, 

hGl.l.cE B-3-16: n:aD Ml> IREICII l'RH!! ARFAS AUX; 'DIE gr. J..iNUH:B IIIVllR SIDll'UNB 

Francois 

m:;m Erosion prone 
~ areas 

~ Flood prone 
areas 

0 30km 



as umergoin;J significant erosian wtiereas aily 24 percent of the U.S. mainland 
ooean coast has that classificatian. 

'lhe arsmsmel"t of flood risk is made an the basis of past and potential 
damages and the magnitude of water-level fluctuatians "'POMsary to cause 
damages. Given the iiiportance of waves in floodin;J mentioned aloave, studim 
to determine the risk of inun:lation shcw.d also include analysis of the 
potential still water elevation, wave height, storm setup, and wave-run up. 
'lhe arsmSTPl"t of erosion risk is based oo lon;,-tenn average recmsioo tatm. 

Beadl areas are 1lm'8 caiplex, in that sane of these areas umergo alternatin;J 
periods of erosioo and ao:::retioo. Fllrthennore, erosioo an beadl areas is 110re 
diffiollt tr, neawre due to fluctuatin;J water levels alternately =erin;J and 
exp:isin;J the beadl area. 'lhere are very few beadl areas that umergo 
oantinucus erosian. 

3 .3 'NATER IEIIEIB AND WE:l'LJ\NDS 

'lhe extent and quality of wetlands foun:l alon;J the shores of the Great lakes 
durin;J any time period, are, in a sense, the product of seasonal and lon;J
term envi.roranental conditions. 'Ihe wetland area can be estimated fran 
lax:Mledge of the rarge of water-level fluctuatians and the distance between 
the oontoors aloave and below the water line (Bukata ~-, 1988). In order to 
address wetland quality, on the other han:1, nudl 110re detailed data are 
needed, includin;J the t.i.min;J, duration, and frequency of floodin;J and dryin;J, 
and informatioo Cl'I substrate. 'lhe length of tine that water-level conditions 
can influence wetlands is not aily the current year (annuals) rut also the 
past few years (perennials) and even thrc,Jgh decades. 'Ihe contriootions fran 
seed banks are donnant until conditions beca,e suitable. 

~ 'NATER IEIIEL AND WETIAND REU\TICHHIFS 

'lhe followin;J exoetpts relatin;J to water-level fluctuations and the wetland 
vegetatioo of the Great lakes are taken fran Keddy and Reznicek (1985). 

'lhe factors influencin;J lakeshore wetland zonatioo have been reviewed by 
Hutdlinson (1975) and Spence (1982). Althcugh introductory ecology texts still 
satetinEs infer that this zanatioo represents sumessioo, in l1DSt casm the 
two phenarena are unrelated an lakeshores. Zonatioo is better viewed as si.nq:,ly 
the Iespc11se of different wetlands species to fluctuatin;J water levels. 
I.akeshore wetlands are also often eoq:,osed to erosioo fran water. In such 
cases, the upper shorelines are eICcled and clepositioo oocurs in the deep<>r 
water. Bernatowicz and Zachwieja (1966) have distin;Juished ten typm of 
littoial zones, oonsiderin;J primarily the effects of erosian oo different 
substrate typm. As well as bein;J influenced by water depth, lakeshore 
wetlands may also have stJ:org gradients paiallel to the waterline as waves 
sort material fran highly eoq:,osed shore to sheltered shores (Hutdlinson, 1975; 
Davidscn-Ainott and Pollard, 1980; Spence, 1982; Keddy, 1982, 1984). 

Since seasanal (or within-year) water-level fluctuatians are superi.nq:,osed upon 
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lcrq-tem (or amcn;J-year) fluctuations, we will first oonsicler the effects of 
lcrq-tem fluctuations. '!be present distribltion and abm::lanoe of shoreline plant 
species will be cletennined by past as well as present water levels. HcM far into 
the past, or with what weightin;J, is not known. '!be extreme highs and lows will 
produce the most rapid vegetation ctiarqe; low periods are ooosidered first. 

Iaorwat.erl'eriods 

turin;J low water periods, several ctiarqes can be expected. Soil chemistcy may 
dlan;JE! dramatically as soils becare less anoxic (Fl::a'lnallperU, 1972). Sane 
plant species will dlarqe their growth form to aCXX11u.:xlate drier ocn:litions 
(Scultlxxpe, 1967; HUtcbinson, 1975), tut the vegetation will usually d'lan;Je 
dramatically as species intolerant of dryin;J die and are replaced by species 
anergin;J fran reserves of mried seeds. M.1dl enphasis has been placed on 
documentin1 this regeneratiai fran mried seeds (e.g., Kadlec:, 1962; Harris 
and Marshall, 1963; Salisl:m:y, 1970; van cler Valle and Davis, 1976, 1978, 1979; 
van cler Valle, 1981; Keddy and Jeznicek, 1982; Smith and Kadlec:, 1983). 

Bicp water Isvels 

Risin;J water levels will d'lan;Je soils fran oxic to anoxic (Fl::a'lnallperU, 
1972). OJ:ganic matter and fine particles (e.g., silt and clay) may be rerooved 
by water circulation (Jaworski~., 1979). Simultaneo.Jsly, Ill.Id flat species 
diflllll)Bl!T (e.g., Salisl:m:y, 1970; van cler Valle, 1981). Errergent species will 
pzq,ag.ite vegetatively under shallow water, tut will gradually die a.rt under 
deeper water (Harris and Marshall, 1963; van cler Valle and Davis, 1978). Farney 
and Bookhc:ut (1982) describe how high water levels in lake Erie converted 
emergent vegetation to open water. Even cattails (~ si:p. ) , which covered 
m:>re than 20 percent of their stlxly area, were eliminated. other camon cover 
types such as Hibiscus paJ1JStris and I.eersia oryznigey; also disar:peal"'d. 
Ja'tlOl'Slci. .!t...A!• (1979) provide many similar examples fzan lakes Michigan, 
Huron, st. Clair and Erie. High water periods therefore eliminate one group of 
marsh species and allow them to be tenp:,zarily replaced by floatin;J-leaved and 
subnezged species m::>re tolerant of floodirg. '!be causes of death of emezgents 
are mx:l.ear. 

High water levels may have a very adverse effect on the emezgent and 
suanergent vegetation oama.mities if there is no l'OClU for a landward shift. 
SUdl habitat is req.rlred by migratozy birds which use coastal and <XXinectin;J 
dlannel wetlan:m. Sane of these sites are shore swanp; which are inun::lated 
throlgh the sprin;J tut dry thrOlgh the SIJlll'll8l'. 'lbese may be characterized by 
hems (e.g. :Ala,laris i"DIIPiJl"nea) and agriculturally-cultivated cover; others 
are sbl\lb w 111s with willow '§a)jx si:p.) an:'I Q?Tll"§ si:p. and hardwocd SWc111p> 
with maple (!Qez:, SR>·) • Hett:, SWaJlllS are amcn;J the most intensively used by 
migratozy birds. other critical areas for many waterfowl species, inclmin;J 
SnoW Geese, are the intertidal wetlands alcrq the st. Lawrence River daninated 
by Scjzpls SR>• (GlOOSdlenko and Gnmin, 1988) • 

High water levels have a seoon:l Ul()Ortant effect on lakeshore marshes, the 
elimination of trees and shzul:s. Recently, evidence of this process was foun:1 
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in Matctiedash lake (Kecliy an:i Reznicek, 1982). 'Dle uwer limit of many 
herbaceous species Cll lakeshores co.i.ncides with the lower limits of 1"'00dy 
species, an:i ~ waves or ice renK:ll1e shnlbs, herbaceous. species grow further 
lan:iward (Keddy, 1983). If 1"'00dy plants set the uwer limit Of herbadiecus 
species, then high water levels, by eli.minatin; 1"'00dy plants, may increase the 
area occupied by hemaoeous wetlands species. An obsezvatiCll consistent with 
thk. PL· i-' sal is that in small lakes with stable water levels, the shnlb zone 
:freqlently occurs right to the water line, leavin; only a narrow zone of 
anergents. 

Ala-q the st. Iawrence River, annual floodin;J of shore swanp wetlands can vary 
widely. 'Ihese wetlands are dlaracterized by ~ saodlarinum-Ii'PQrtM 
....,,..,,..osjs an:i prrr,Jea sensibilis. If periods of floodin;J eVOEIEKl critical 
thresholds, these swmrps experience stress whim may lead to their alteration 
or decline. For exanple, Couillard~- (1985) have shown that floodin;J for 
m::>re than 63 days after the beginnin;J of the growin; sea'lOn in swmrps (June 27 
in the Ma1treal area) leads to deterioration or destIUction of these swanp 
ecosystems. 'Jhis has occurred in Iac Saint-I.alis on the uwer st. Iawrence 
River, with specific exanples documented by Couillard ~- (1985) durin; 
years of al:n:>nnally high flood levels in the 1972-1976 period. 

Seasonal Fl.lEbJati.als an:i strand VegetatiCll 

Water levels fluctuate on many time scales. Seasonal fluctuations (Figure B-3-
17) are likely to have very different effects than fluctuations with a period 
of a decade or lorqer. In the latter case, pop.tlation responses can occur, 
with sane species sw:vivin; only as b.Jried seeds, an:i others tenporarily 
exploitin; the existiJ'q ccniltions. With seasonal fluctuations, pop.uation 
responses are possible only for annuals, whim oarplete their life cycle 
rapidly. As the water level falls, different annuals will germinate an:i 
tenporarily exploit favourable sites. In contrast, perennial species llllSt be 
able to sw:vive the entire ran;ie of ccniitions encountered durin; seasonal 
fluctuations in order to occupy a site durin; the growin; sea:::on, 1hus, they 
may produce different shoot D0Xp1ologies as the sea::on progresses (Scultho:cpe, 
1967; Hutdlinson, 1975) an:i have different metabolic pathways for sw:vivin; 
anoxic periods (M::Mannon an:!. Crawford, 1971; Barclay an:!. Crawford, 1982). 'lhe 
annuals can escape seasonal fluctuations; the perennials llllSt tolerate them. 
Seasonal fluctuations may increase species diversity. stuckey (1975) observed 
at FUt-in-Bay, lake Erie, that " 'Dle greatest diversity of vegetatiCll zones 
an:i greatest diversity of species within zones occur in that part of the marsh 
~ the water level fluctuated the m:,st throughout the sea:x:n." He 
tecogni:i:ed 12 "daninant vegetation zones," seven of whim were associated with 
fluctuatin; water levels. 

At the very least, seasonal fluctuations increase the annual ,:, 111onent of the 
vegetatiCll. For perennial species that can only germinate on eJqX)Sed DUi 
flats, the seasonal low may suwlement or accentuate regeneration phases 
prcwicled by l~-tenn fluctuations. Lastly, since many wetlands species are 
~y intolerant of continual sul:mergenoe (e.g., Harris an:i Matshall, 
1963; van der Valk an:i Davis, 1978), seasonal lows may allow shoreline species 
to occur deeper into the lake. 



FIGURE &-3-17 SFA900AL (WI'IHIN-YFAR) FIDCIUATIOOS IN WATER IEVEL AT PCRl' 
STANIEY W I.AKE ERIE, AVERIIGING ll!lm FR:M 1927-1980 (EXCEPI' 1978) . 
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~Iellel nuct:uaticns: A Natural Distm:t:Jance 

Water-level fluctuations are a natural fonn of disturbance. '1he role of 
natural disturbance in praootirg Ve;Jetation diversity has been di SOJSSed by 
Grul:tl (1977), Connell (1978), Huston (1979), White (1979) and Grime (1979). 

A disturbance has several g.iantifiable oaip:,nents inclu:lin:J intensity and 
frequency. It is not yet known what intensity (anplitooe) or frequency of 
disturbance fran fluctuatirg water levels will maximize species diversity. 
Sane cx:anbinations of high intensity and frequency have a negative iJrpact: on 
shoreline vegetation, as illustrated by the sparse vegetation of the margins 
of sane hydroelectric reservoirs. stabilizirg water levels (reducirg the 
intensity and frequency of clistw:bance) wrul.d also be expected to cause major 
dlaDl8S in -wet.lands, particularly: 1) the loss of species "lfflidl genninate 
durirg low water periods; and, 2) increased daninanoe by a few species sudl as 
"WOCld}r plants and~ SW· 

A Medel. of Wat.er Isvel.s and 5hal:eline Vegetat.ial in the Great lakes 

A IIIJdel. CQtiinirg the relationships of Great lakes -wet.land Ve;Jetation types to 
water-level fluctuations is depicted in Figure &-3-18. 'lhis IIIJdel. is 
sinplistic in that it CX'11Siders only the role of water-level fluctuations in 
deteminin:J -wet.land vegetation types. Tcpograply, substrate type, wave 
actions, latitooe, water q..iality, fire, water on-rents, exposure, and len;Jth 
of time since the last high or low water phase are not considered. While the 
IIIJdel. thus is not refined entU3h to predict the occurrence of cx:mn.mities or 
species associations, it is a useful oonoeptual framework for inteJ:pretirg the 
large sm' '! cyclic pi:,:cesses in Great lakes -wet.lands. 
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FIQJRE &-3-18 PR)FC6ED RE!ATIOOSHIP BE'IWEEN WATER lEI/EIS AND VEXiErATIOO TllPES 
00 'lHE GRFAT IAKES ~. 

'1he follcwin;J diso1ssirn sumarizes the hypothesized dynamics of the wetland 
types described earlier. Only strand vegetation is anitted, since it results 
primarily fran various kinds of distw:bance near the water line. 

'1he upper part of the shore is dauinated by 'WOOdy species intolerant of 
floodin;J. 'Ibey form forest and shrub thickets. 

Wet neadcw vegetation clevelc.p; between the maximnn high and present water 
level. '1he dynamics of this vegetation are prcilably similar to the dynamics of 
vegetation on shores of smaller lakes with fluctuatin;J water levels (Keddy and 
Reznicek, 1982). Durin;J high water i:rases, these a:mmmities are~ in 
width or even totally flooded. Woody plants that have invaded since the last 
high water level are killed, as are many herl:Jaoeous species. When water levels 
recede, "'8t neadcw species re-establish fl:an buried seeds and fran iniividuals 
wi.c:h suzvived en the upper frin;Jes of the wet meadow zone. August water 
level data was used in Figure &-3-18, rut it is likely that higher water 
levels in JUne set the lower limits of 'WOOdy plants; thus the upper limit of 
neadcw species is prcilably higher than iniicated. 

BebMell the pr as mt. water line and the extreme mini:num water level is the zone 
in wi.c:h shallCN marsh vegetaticn is best developed. '1he emergent aquatics can 
suzvive pei:manent floodin;J rut many require oa::asional lCN water levels to 
expose the lake bottan in order for seedlin;Js to establish. 'lhus, periodic 
seed reci:uitment of species can cnly oocur above the extreme lCN water line, 
altholgh sane emergent aquatics can spread vegetatively into water d rcr than 
the m:iniJium lCN water line. A major difference between wet meadCl<I"' and marshes 
is thus the relative frequency of floodin;J; neadcMI are oa::asionally flooded, 
whereas marshes are usually flooded. 
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Below the minillllm low water level is the zcne ,mere aquatic vegetation 
suzvives c:x:rrt:i:ralcuy. In the shallower levels of the zcne, emergent aquatics 
may invade durin;J low water, althcAJgh they will be eliminated again when water 
levels rise. 

'lhe water-level data zepnsent Lake Erie 1927-1980, minillum 1934, Jn3YiDIJII 
1973. 'lhe m.mdaries bebieen the vegetatioo types will shift as water levels 
dlarge; the strand, o +·tosed of short-lived I\lderals, tracks the waterline 
with a width resultin3 fran the fall in water levels fran June to Septati:ler. 
other envircnnental factors such as slq,e, substrate type, wave action, water 
dlemist:ey an::l fire will influerx:ie the speciea ex +1pisition within each 
vegetatioo type. 

Speci fi.c Sensitivity of Wetl.arm 

o S a :nil pattems: High levels maintained lorger into the growin:J season 
will shorten the sea:::on for maturation. Wetlands benefit when the high 
water period ocx:urs durin;J the sprin;J an::l early sunmer (April, May an::l 
June) an::l levels decrease afterward. 

Mid-an::l late-sunmer high water has adverse effects on wetlands. Lake 
SUperior, with its August high, has a noticeably slinlller flora. When 
highs occur in July, productivity is decreased an::l rudera.ls may 
decrease, as might gap colonizers. 'lhe shortened growin;J sea::::on affects 
recnli.tment. '1his ten()oral limitation is damagin;J, for exanple, to wild 
rice. 

o Sensitive wetlands: water-level illpacts depen:i on specifics of the 
wetlan::l. Work at Delta waterfowl Research station has shCMn that a 20 cm 
increase in water levels resulted in a replacement of sane vegetation 
types with others. It wiped out daninants, which were replaced by other 
species. A fliM oentiJnetres difference in water levels can prevent 
sensitive species fran carpletin;J their life cycle. Sane very sensitive 
species inclu:ie ~ la<:UStris, Seim.ls smithii, an::l annuals like 
El.eodlarus. Wet rneadcw ,;pecies are generally the first to be lost with 
high levels and lon;J-tenn low levels (invaded by trees). 

Taxa that are good bioindicators on the water side in::lu:ie the very 
sensitive :rosette-fonnin;J plants. 'lhese plants cannot be c,vershado.,ied by 
other plants. Sane of the least sensitive species are ~- scinlus. 
and other IICl'l0CUlture foms. 

Exotics an::l prd:>lem species will benefit fran reduced water-level 
fluctuations. Di.stw:tlan:le of the historic water-level fluctuations 
generally provides a wimow of ~ty for invasion. 'lhese plants 
are generally persistent, flexible and adaptable. Plants that are 
inclujed are &iropean Frogspit, PUrple lcx:sestrife, narrow-leaf cattail, 
Epilc;bium reJ'YQ()gmpp, BA:iM ~ and Pot:gJageton crisoos. Generally, 
c:gx>rtunities for ccntrol of these species are not well umerstood. 
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WIIILIPE Rl!SI06E '10 FIIDtl1a'DC 11M1!R IEYElS 

Wetl.an:1s of the Gieat lakes are exposed to variaticns in water levels caused 
by laq-tm:m climatic cycles, short-tm:m climatic occunences, the annual 
distribution of water, seidles, and, wave acticns. 'Die pr ;sent beneficial 
state of these wetlarr:is has i:-n attained in asscx::iation with these productive 
historic water-level fiucb.laticns. Wetland CClllllll'lities will react to those 
water-level variaticns acoordin;J to the pattern and magnitude of water-level 
dlan;ies, and the tolm of the biotic O"IJIJlmity to them. 

Periodic distmbances of fioodirq and drying interrupt plant S'JCCeSsicn to 
prevent the formaticn of dense beds of anergent vegetaticn and praJDte 
interspersicn of vegetaticn and water. 'lhese interrupticns periodically 
release J'lltrients to the wetland, thereby prmc,ting renewed plant vigor and 
increased invertebrate pq:w.aticns essential to wetland wildlife. SUch 
distmbances praJDte diversity of the plant and animal ccmnunity structure. 

Weller and Spatc:her (1965), Weller and Fredrickson (1973), and MJrkin (1979), 
describe opt.inum wetland wildlife habitat as a heini-marsh, i.e., 50 percent 
q,en water and 50 percent wetland vegetaticn. 'Die heini-marsh con:iiticn 
produoes the greatest habitat diversity for wetland-depen:lent wildlife 
species. Weller and Spatc:her (1965) =rrelate:1 the dlan;ies in marsh cover -
water ratios, and vegetation density to bird pq:w.ation dynamics. 'Ibey 
o:>ncl.uded that the heini-marsh was the m:ist productive sucoessional stage of 
wetlarr:is for marsh birds (see Table &-3-2). 

water-level fiucb.laticns oarparable to recent historical con:iiticns (i.e., 
they last 20 years) are requirej to maintain the lag-tenn pro:luctivity and 
diversity of the wetlarr:is. High water con:iiticns (i.e., levels above the 
historical lag-tenn mean) produce habitat con:iiticns awroachirg the heini
marsh which benefits wildlife such as waterfowl, llllSkrats, black terns and 
berms. 'Dlese con:iiticns increase wildlife species diversity, and "· .. 
provide iDproll'ed habitat con:iiticns for invertebrates, anptl.bians, and 
reptiles ... ". High water may facilitate the intercharge beb.ieen the lake and 
wetland, and thus permit fish spawning (e.g., northem pike) as -11 as 
wetlan:1 rearing of forage fish (Jaworski .@t.A!., 1979). 

lDW water con:iiticns (i.e., water levels below the historical lag-tenn mean) 
encourage the predaninanoe Of the fK!gA meadcw and dense emergent ZCl'ISS. 
During exterm:I low water years, wildlife species diversity decreases with 
habitat cc:n:liticns favalring red~ blackbirds, short-billed marsh wrens, 
rails, white-tailed deer, cottart:ail rabbits and small rodents. 

In lakes st. Clair and Erie during the 1973-75 high water period, the 
shoreline marshes e,q,erienced diebacks of vegetaticn and reverte:1 to m:>re q,en 
water. With reoeding water levels, many vegetative ccmnunities reestablished 
themselves (Raplael .i!t..J!!., 1978) • 'lllere has i:-n effective recolcnizaticn by 
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TABlE B-3--2: NIULIPE USE All) Ol'Hl'R PCN:TICliS OF <DISTAL IEl'IAlC1S AT Ulf All) 

HIGH MTllR LEVElB 

Use/Function of Netlanda 

A. Use by Wildlife 

Blue-winged teal (breeding) 
Red winged blackbird 
Mallard (breeding) 
Short billed wren 
Muskrat 
Black Tern 
Yellowhead blackbird 
Great blue heron 
Belted kingfisher 
Crayfish 
Frogs and turtles 
Dabbling ducks (feeding) 

B. Other Ftmctione 

Hemi-rnarsh 
Dominance of land drainage 

IDw later High Nater 

- - ------------------
---------------- -

- - -----------
- - ------------ --------------------- ----------------·----

- - - - --------------------
--------------------

--------------------- - -

- - - --------------

Source: nodified from Jaworski et al., 1979 
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sane plants such aF seqes blt not by others such as cattail. It should be 
noted that neither flooded nor dry marshes are by thenEelves m:ist suitable for 
wildlife. Cclli:)ining these~ over a period of time, however, seems to 
maintain the m:ist desirable con:litions. Kadlec (1962) states that "· .. 
althalgh these (watei:-level) fluctuations are sanetimes the subject of 
ocnsiderable CCl'lCE!D'l, they are probably inportant in maintaining the 
productivity of the marshes ..• ". 

~I.EYEL OF FARl'J:CIJUIR IEl'UIND 'lYmS 

System-wide diversity of various wetland types will decrease with a decrease 
in the frequerx::y of watei:-level fluctuation. 'lhere will be gains in sane types 
if the annual and lcng-tenn cycle is c::harged. For exanple, cattail, sago 
paidl,>eecl and willows will increase. 

Scrub-shrub cannot acc' ■11ucdate prolon;ied high water levels; however, this is 
depement on the requirements of the irrlividual species. Generally, floofiln:J 
rarge is fran 6 -weeks to 2 years. 'Ihe seasonal fluctuation cycles should be 
maintained. 

Anrrual plant cnmunities (st.rancls, nu:l flats) need the seasonal fluctuation. 
'Ihey require a rather rapid drm.down by mid-simmer so that they can carplete 
their growirg and maturation for next year's seed suwly. Winter oon:titions 
may be iliportant in that ice will scour rut eJCP06E!d areas. '1he annuals are 
m:ist depement on watei:-level fluctuations. 

Emel:gents like bare, wet soil. Adult plants prefer o to 0.5 meters of water 
with ideal corr:litions of no water cx:Ner durin:J the growin:J season- D.lrin:J a 
10-year period, very high water levels are needed for abart: 2 years to p.ish 
back anergents and to encourage species diversity. water levels should be l 
meter above normal for one SUlllller growin:J sea= and into the next, with lower 
levels aftel:ward. 

Wet meadcw; (fens, wet prairie, inter-dunal meadows) need to be emerge:i in 
Jilly, August and SepteniJer of m:ist years. However, SUlllller flooclin:J is needecl 
for a 3 to 5 year period in a cycle (ai:proidmately 15 years). 'Ihe flush.i.rg 
that cxx:urs durin:J the floofiln:J period is in a sense the equivalent stress of 
"fire" in other ecosystems. Fens require water ir:p.rt thraJgh seepage. Wet 
prairies (grass-daninated ) are key sites in need of protection. Peatlands 
will be invaded by shrubs if a dry period lasts too 1~. If the flood period 
lasts too 1~, ice scourin:J will expose bare substrate and this ocw.d 
ocntin.ie laniward taward the wet meadows. However, these systems are usually 
sheltered fran direct lake effects. Riverine systems have mxe opporbmities 
for scxurin:J. Floofiln:J depth should be >0. 25 meter. 

'Ihe effects of future watei:-level corr:litions on wetlands will be related to 
the da;µee and directim of ~ to the historic water levels. If m:ist of 
the rarge is maintained, i.e. 80 to 90 percent of the recorded fluctuations, 
as well as the frequency and duration of high and low periods, the~ to 
wetlands 'WCul.d be very difficult to quantify. Significant carpression of the 
rarge of fluctuatim 'WCul.d have systenwide i.npacts on plant species diversity, 

&-97 



and wetland area. It wculd also have an imirect effect in that society wculd 
mave closer to the shoreline and increase the Jitysical dlan;Jes to the 
shoreline. In additial, the runoff path of contaminants fran developed uplands 
to the lake wculd be shortened. 

~IEYEL l'RlFlIES AND WEl'IAND .RrJJ(J.IRr1W,r...S 

W:>J:k is undmway al an evaluatial of the historic water-level profiles for 
each Great Lake and hew to use these data to address the requirements of 
wetlarrls (Intematialal Joint 0:mnissial F\ln::tialal GrQJp 2, 1989c). '1he 
seasonal water-level profiles are usually repi:; se1:ted by the m::inthly levels 
for a partio.tlar year or by the mean m::inthly levels for the period of record. 
Hcwever, the ac:b.lal water levels for each of the Great Lakes sho.r significant 
variatia1S beb,een years al both short-and lag-tenn time scales. 'lheiefore, 
mean m::inthly data often masks jJJportant infcmnatial al the range and tilnin3' of 
deviatia1S fta11 the average. SUch deviations provide for a larger area of 
wetlands, exterded CNer a larger range of elevatial contours, than could be 
calo.tlated fiall mean ~level data. 

Figures B-3-19 thn:ugh B-3-23 provide, for each Great Lake and for Lake st. 
Clair, the sin:Jle m::inthly maxiunn and :minim.mt levels, levels which were 
exceeded 10 and 90 percent of the time, and ttl"' median m::mthly level. '1he 
mininum and maxil!um levels i.rrlicate the absolute range durin;J the period of 
:i:..c:cn:d. '1he i.rrlividual profiles fran "evneede1 10 and 90 peroent of the time" 
and the vertical distance beb.ieerl those profiles are very unifonn arourd the 
median for all Lakes except Ontario. '1he Ontario data ~ a tendency for 
lower levels fta11 April thn:ugh December. 

'1he data presented in Figures B-3-19 thn:ugh B-3-23 can be viewed as a set of 
water-level zelated factors which are ilrportant to wetlands. For the 
imregulated Lakes (Michigan, Buron, st. Clair, and Erie), the range between 
the "excee1ed 10 and 90 percent of the time" levels shoold be reoogniz.ed as a 
mininum amJlmt of water-level fluctuation which is essential to maintainin;J 
the current ocn:litians which control the ocx:urrenoe and extent of wetlands. 
Fllrther data refinement may i.rrlicate that the needed ran;Je of fluctuatial is 
better represented by mmdaries nearer to the historical maxilll.nn and :minim.mt. 

'1he profile for each lake, represented by the median level, suggests the 
seasonal tiJnin3' which has suwcrted the reooided wetland oammii.ties. '1he 
data in Figures B-3-19 thn:ugh B-3-23 further i.rrlicate that wetland plants 
which need to go thn:ugh sexual reproductial will do better in Lake Ontario 
than in the other Lakes. <nly I.ake Ontario levels decline early enoogh in the 
SIJDl1er to allOW' these plants to ocnplete their growth and maturation. '!his 
ocn:litial preceded the regulatial of I.ake Ontario water levels and has been 
laigely unaffected by regulatial (althcuJh the anplitude of the fluctuations 
has been Jao1e11ed). 

Duril'g the January Wetlands WoI1tshq> (Jnternatialal Joint 0:mnissioo 
F\Jnctialal GrQJp 2, 1989c), participants CXl'lCI.IIT8d that a generic set of 
water-level profile characteristics, includin;J the follOW'in:J, could be 
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Lake Superior Water Levels 
(191~-1986, Adjusted tor 
CW'l'ent Outlet Colldltions) 
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Lakes Michigan-Huron Water Levels 
(191~-1986, Adjusted tor 
CW'l'ent Outlet Conditions) 
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International Joint Camussion Functional Group 2, 1989c 
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Lake St. Clair Water Levels 
(1915-1986, Adjusted for 
Cun-ent Outlet Conditions) 
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Lake Erie Water Levels 
(1915-1986, J.dJwrted for 
Cun-ent Outlet Conditiom) 
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Source: International Joint Ccmnission Functional Group 2, 1989c 
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Like Ontario Water Levels 
(Hl~-1986, .M,lmted fer 
can.11.t OaUet Co..Utlou) 
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identified for all of the lakes: 

o s +"'llity - 'lhis is described by the within-year shape of the recorded 
water-level curve. Spri,n; or early-surnrner highs and mid-surnmer loweri.n; 
have a positive influence a, wetlan::ls; mid - to late-sunmer highs have a 
negative influence. 

o Jlllpl.itude - A decrease in the ~ of fluctuatiatS -would have system-wide 
illpacts a, plant species diversity. In general, scrub-shrub, 'fycha. 
rooted aqiatics, and exotics -would increase, and the l"l.llllber of plant 
species, the vegetatia, types, and the smaller and rarer species -would 
decrease. 

o F.nqJency of variability - 'lhis incluies the rate of c:tian;Je, timi.rg, and 
duratiat, and is of great inp:>rtance. 'Ihe ocn:litiatS of benefit to 
wetlands have not been defined in detail by J'lllllPrical parameters; 'Ihe 
len;ith of the significant time period for variability is 10 to 30 years. 

3.4 WMER IEYEIS, FI£Hl AND IQ]M'IC H1dllTATS 

'Ihe effects of water quantity a, water quality and fishel:y resources has not 
been rigorously investigated in the Great lakes, J::ut has been discussed in 
general tenns as part of previoos references and special studies through the 
International. Joint Ccmniss5.on. Fspecially pertinent sumaries were OC11pleted 
a, water quality (Morgan and Sonzogni, 1980) and fishel:y resources inpacts 
(International. Lake Erie Regulation study Board, 1981) . As part of this 
study, literature reviews were conducted to update infonnation on water 
quantity effects on Great Lakes water quality (Manny, 1989), Great Lakes fish 
reproductia, (Hatch and Potter, 1989), and water quality and fisheries ecology 
in the Great take& mu.a..tf.n; channels (Edsall and Cleland, 1989). In 
oc:nparison to the previoos reviews, nore infonnation is rKM available on the 
toxic oontamination issue in the Great lakes and on environmental ocn:litions 
in the oonnecting channels. Overall oonclusions remain the same, however, as 
water quantity c:tian;Jes and fluctuatiatS have a relatively minor effect on 
water quality and fishel:y resources, relative to other factors. 

'Ihe aquatic ecosystem is generally less susceptible to adverse effects of 
water-level fluc:tuatiatS than are wetland habitats. Within the aquatic 
medium, IDOl:>ile organisms are able to shift their horizontal and vertical 
distributia, in response to water-level c:tian;Jes. In fact, the flora and fauna 
in the Great Lakes develcped un:ler a regime of fluc:tuati.n; water levels 
followirg the retreat of Pleistocene glaciatia,. 'Ihese fluctuatiatS vary 
greatly in both period and anplitude. Short-tei:m fluctuatiatS (seic:ties) are 
neasured in hours and days and anplitudes of as IIUdl as 2 m in Lake Erie and 3 
m in Lake Michigan have been obsel:ved. Arin.Jal variatia,s fran winter laii to 
smener high water level are 0.3 m in Lakes SUperior, Michigan and HUron; 0.5 m 
in Lake Erie; and 0.6-0.8 m in Lake Ontario. I.on;Jer-term fluctuations with 
anplitudes of abwt 0.5 to 2.0 m have occurred every 10-15 years CNer the past 
100 years. 

'Ihe mean ~ of historical laii and high water levels is plus or miirus 1 m in 
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o:mparisa'I with the 1955 mean datum. As noted above, ~imnoed short-tem 
fluctuations can be OCllSiderably greater than loog-t.erm fluctuations due to 
wather cycles. 'Dle effects of violent storns, 'flbic:h can occur every year in 
the Great takes, particularly in the fall, may have more inpact on water 
quality and habitat than lcn;ier-tem fluctuations. 'Dle effects of stoms, 
however, have :received little attention because of the difficulty in studyinJ 
the Great takes durlDJ an.'I imecUa~'ll.y following a stonn event. 

~ prcposed measures to ocntrol water-level fluctuations nust view the Great 
takes as a bas.indde systan. 'Dle oa111PCtinJ dlannel.s, for exanple, are an 
integral part of the Great lakes. SUbstantial.ly in::reased ocntrol in one lake 
will ne s~.tate major fluctuations in levels and flows in the oonnec:tin;J 
channel cutlet of that lake. 

Within the :range of historical low and high water levels in the Great lakes 
(i.e., the 100-year minillum and m.,viDlnn), it can be stated that the aquatic 
ecosystem is nm:e adversely affected by extreme low in oarparison with extreme 
high water levels. In fact, sane beneficial aspects of high water levels on 
the aquatic eoosyst.em have been noted. ~reaver, fluctuations are generally 
viewed as beneficial by pran:,tinJ biological and habitat diversity and 
enhancinJ productivity. Available information indicates that the aquatic 
ecosystem in the Great lakes has exhibited o:nsiderable resiliency and 
adaptability to water-level c:hanges and fluctuations. 

Effects of water levels on water g.iality and fisheries resa.iroes are treated 
in subse&ions below. In reality, it is not possible to treat them 
i.ndependentl.y because of natural interrelationships. Sane overlap has been 
p.nposeflllly retained where such interrelationships required enpiasis. 

w,am~ 

In general, changes in Great lakes water g.iality have been attributed mostly 
to watershed pert:url:llltions (e.g., eutrq:hication, toxic and microoial 
a:ntami:nation, c:hanges in land use), not fluctuations in water levels. 
Measures designed to oc:mpress the :cange of water-level fluctuations 'NOOJ.d 
likely have little inpact on water quality. FluctuatinJ water levels of plus 
or minus 1 m will have little effect on water quality, but sustained highs or 
lows within this :cange 'NOOJ.d influence water quality c:han;Jes. Sustained high 
water levels will benefit water g.iality, increasinJ the oxygen in bottan 
waters ot oaul.tal lake Erie, dilutinJ waste discharges, and reducinJ the need 
for dredginJ to mint:ain navigation in nearshore and oa111eCtinJ-diannel areas. 
~ the other ham, sustained high levels will degrade water quality by 
inc:reasinJ ncn-point nmoff of caltaminants and SEdi-nt:, floodinJ vegetated 
shorelines, i.nt.erferinJ with septic systan performance, and stinul.atinJ 
lllethylation of toxic heavy net.a.ls in nearshore areas. Sustained low water 
levels will not benefit water cpal.ity. I.cM levels will degrade water cpal.ity 
by inc:reasinJ anoxia in bottan waters of Oelltral. lake Erie, cxinoentratinJ 
waste clisc:harges, increasinJ the need for dredginJ to maintain navigation, 
resuspemin;J fine sediJDents laden with toxic substances, and increasinJ sewage 
treablent oosts. A more detailed SIJDIMJY of these inpacts on water quality is 
foom below. 
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High water levels will benefit water quality by reducin;J the tenperature, 
incceasin;J the dissolved~0X}'gE!l'I~ a:ntent, and incceasin;J the volume of 
hypolinietic waters i:u centzal Lake Erie and shallow ent>ayments. Benefits 
include craatioo of sumner refuges for ooldwater fishes, and cessation of 
:picsphorus and toxic substan:le release fran the sediments in these bottan 
waters. High water levels may also benefit water quality by dilutin;J waste 
c:lischa%ges at point scuroes, blt these benefits may be offset by increased 
loadings of ccntaminants fran non-point scuroes. High water levels woold be 
detrimental to water quality by incceasin;J land-use runoff of nutrients, toxic 
ccntaminants, and sediment and by incceasin;J shoreline erosion in sane areas. 

I.ow water levels will :reduce water quality thrl:u;lhcA1t the Great Lakes, 
particularly in haxtlors, CXll'll'll!Ctin dlannels, and shallow ent>ayments, by 
reducin;J the volume of water available to dilute waste c:lischa%ges, incceasin;J 
water tenperature and tw:bidity, and dec:reasin;J available dissolved 0X}'gE!l'I. 
'lhese bpacts are alleviated by fluctuatin;J or high water levels. I.ow water 
levels will require increased clredgin;J for maintenance of access and shiwin;J 
dlannels in hamors and river m::uths, many of which are LJC-designated Areas 
of Ocncern that are polluted with cx:ntaminated sediments unsafe for open-lake 
di sposaJ - I.ewer water levels will also require increased clredgin;J in the 
Great Lakes connectin;J channels (GI.a::) , which will in tum lower water levels 
in -wetlams adjacent to the channels, with attendant adverse inpacts on biota. 
Dredgin;J at the head of a channel will also cx:81triblte to the pennanent 
lowerin;J of water levels in upstream areas, includin;J the Great Lakes prqier, 
if the dJ:ed;Jed dlannel is not equiwecI with flow-oontrol devices. Dredgin;J of 
GI.a:: will increase the availability of contaminants in sediments (in-place 
pollutants) to biota in downstream areas. 

Primary and secondary prcxluctioo cycles in the IJWeI' Great Lakes Connectin;J 
Qiannels (UruX) are linked to cyclic, seasonal chan;Jes in water levels durin;J 
which aquatic plants altemately trap and release minerals,nutrients, and 
organic matter in littoral areas and -wetlands. Disruption of water-level 
fluctuatiC11S woold reduce nutrient and energy transport to offshore waters, 
thus reducin;J secx:mary production and prcbably also subsequently limitin;J 
fish produc:tioo in offshore habitats. 

I.ower water levels in Great Lakes oonnectin;J dlannels (GI.a::) prarotes 
dikin:J, dra.in.i.n;J, and fillin;J of -wetlands and subnerged bottan lams and 
oonversiCl'I to agriculture or other pnpcses inconsistent with fish and 
wildlife production; :ret:um to higher water levels :remers these oonverted 
lams unusable, does not :restore fish and wildlife production, and may result 
ir, degxadecl water quality due to inundation of SE!i/age treatment systems and 
soils ocntaminated with toxic substan:les, and erosion of filled shorelines. 
Ieadlin;J of ocntaminated groondwater into GI.a:: will be ac:oelerated at low 
water levels, thus incceasin;J the exposure of aquatic habitat and biota to 
ccntaminants. I.ower water levels will dewater and :reduce the anrAmt of "river 
shoulder" habitat that SIJWC)Tt:9 JOOSt of the subnersed plant stands in the st. 
Clair and Detroit rivers; this habitat is inp:>rtant to juvenile fish. 

Incrmses in water levels that tatporarily sul:lnerge and destroy emergent 
-wetland vegetatiCl'I will reduce sedi~. and nutrient traR,in;J and create 
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anaxic soils that will release phosplorus and other rutrients into the 
water o:>11.IDl and cause aooel.erated eut:rq:lhi.catioo of downstream areas in 
GI.CX:. Higher velocities and flows will reduce rmtrient spi.ralliig in u:;ra: by 
tzansportiig detritus and nrt:rients cut of the system DDre quickly. 

FISID,J« ld!SCllHJ!S .IIND IIIIBl'l7d' 

Native fish species and those introduced intentiona1ly or unintentionally 
have also evolved under cxnlitions of fluctuatiig water levels durug the 
niprcductive stanzas of their life history. 'Dv" soa:::,n in "1hich high or low 
water may be expected to ocx:ur, as well as the deviation fran nonnal levels, 
detemines ttlE> degz- to "1hich a species' reproductive capacity may be 
affected by watez-level fluctuations. :rn general, spriig spawners are 
triggered by risiig water t:mper,.t:w:es and levels and utilize shallow water 
~s, nearshore littoral areas, and -wetlands for spawniig and nursery areas. 
Fall spawners, on the other hand, use either trib.Jtary streams, de p,r ~fs, 
or spawn pelagicly, althalgh lake trout and "1hitefish may also spawn in quite 
shallow water. Shallow areas such as Black Bay and Cl'lequamegon Bay, lake 
SUperior: Green Bay and the islands area of lake Michigan; Saginaw Bay, Lake 
lm'an: San:iusky Bay, Ion:J R:>int Bay, and the western basin of Lake Erie: and 
the Bay of Quinte and the islands area of Lake Ontario are especially 
inp)rtant as nursery areas for the larvae of spriig spawners: these are also 
the areas most likely to be affected by fluctuatiig water levels. Fall 
spawners are little affected by fluctuatiig water levels so long as access to 
tril:utacy streams is not inprled nor et;RS elqX)Sed to freeziig or ice scoorug. 

rn general, high water levels will increase habitat for fish utiliziig 
nearshore/littoral areas for spawniig am,tor nursery grouros, and thereby 
increase fish productioo, whereas low water levels will diminish littoral 
habitat and decrease fish productivity. Elevated water levels oould reduoe 
the volume of the simmertime anaxic hypolinnion in the Central Basin of lake 
Erie, in pu.p.>rtioo to the volume of the oxygen-rich epilinnion, or pemaps 
even absolutely, provici:in; nore habitat for fish production. 

Yellow perch, rainbow smelt, alewives, trout perch, walleye, and several 
other species each have sub-pop.i].ations that utilize both the qien-lake and 
estuarine environments for part or all of their life cycles. '1hese 
differences in reproductive strategy may have a genetic basis that is linked 
to fluctuatiig water levels, and continued fluctuations are probably neoessazy 
to maintain the genetic diversity of those species. 

Short-ten& .iJlpacts of low water levels on fish habitat of Great Lakes wetlands 
or other littoral Z<XleS are those associated with fish that require certain 
vegetatioo types for food, cover, or OCl!pletion of life histoi::y stages. 
Spawning and nursery areas oould be rapidly reduced and even dewatered, 
causiig heavy nmtalities of et;RS or fry. Persistent low flows and elevated 
water 1:eJpel"'ltures in streams trib.Jtary to the Great Lakes -wculd prt;ilably 
reduce spawniig and nursery habitats for anadrCIIPlS species, such as Pacific 
and Atlantic saJm,n, and steelhead and bnMn trout. D.rq:piig water levels in 
ali:layments and shallow basins (e.g. western Lake Erie) will increase water 
1:eJper.ttures, reduce oxygen levels, and increase oantaminant uptake, all 
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negative .lllplCts en many valuable species of fish. At lower water levels, 
DDre dredgin;J would be required to deepen shippin;J dlannels, releasin;J m:>re 
chemicals, possibly deleteriais to fish, fran the sed.unents. tosses of fish 
at water intakes are. ptopottiaial to the volume of water withdrawn frau the 
waterlxxiy. A reductien in water volume in the Great rakes oonnec:tin;J channels 
in the faoe of fixed withdrawal rates at water intakes will increase the 
p:,rtien of the fish pcp.ll.atien that is lost to entrai.nnent; conversely, higher 
flows an:1 velocities will reduoe the portien of the pcp.ll.atien that is 
entrained. 

Fish larvae that migrate passively through Gia:: will pi:ooeed m:>re slowly at 
lower flow velocities an:1 the period of time that they will be vulnerable to 
entrainment will increase prq,ortiaially; exposure to degraded habitats an::1 
stressors or m::>rtality agents will also be inc::reased by extended residence 
times. Higher water levels will produce higher water velocities an:1 flows in 
GUX:, which in tum will m:>re rapidly dilute an::1 flush out wastes acxled to the 
channels, thUs helpin;J to maintain an:1 .i.Jrprove the quality of the fish habitat 
inthedlannels. 

3.5 HIWf IME'ACIS AND <XHmtYATICII INrrIATIVl!S 

WWWlRIALDMR:HEf!' 

Bmen liipacLs en the '1'em!strial Emrircnnent 

~ the clevelcpnent of the basin there has been an ever-increasin;J 
deman:l en the natural resources of the Great rakes - st. I.awrenoe River 
system. Inc:reasin;J clevelcpnent pressures an::1 the rapid growth of the 
recreatien an:1 toorism irxiustry over the past ten years have often been in 
conflict with the environnent, resultin;J in a nuniJer of i:npacts on the shore 
zone of the Great Lakes. 

Pemaps the m:ist ctiviais kinds of human-induced i:npacts are those that occur 
because of construction in the coastal zaie. rue to human "neai" or desire to 
be near the water, many sensitive coastal areas have been turned into 
beachfrcnt oottages an::1 uman areas. D.mes have been bulldozed to p=ide an 
lllllXlStructed view of the water. Vegetation that is critical to the 
establishment of these dunes an:1 to the stabilizatien of bluff areas has been 
rem:wed or destroyed for similar reascns. In both cases this can lead to 
aooelerated erosion. '1hcse dunes that do exist are often subject to tranplin;J 
by foot traffic or recreatiaial vehicles, leaclin:] to an acceleration in 
erosicn of the dunes by wind action. 

OxlstrUcticn itself takes away the natural flexibility of the nearshore 
profile. '!his is especially i.qx>rtant with regard to fluctuatin;J water levels 
because it limits the degree to which the profile can adjust to high or low 
lake levels. For exanple, durin;J the high water period of 1985-1986, beaches 
were "lost" because halles an::1 shore prat:ection structures did not allow roan 
for the beach to re-adjust. As a result, these structures suffered damage 
durin;J sto:cm activity. If the beach had roan to adjust, then these halles 
would not have been damaged. studies of other inpacts of shore protection 
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sb:uctures m beaches have been cx:niucted, a nuni:Jer of which an;, s11111narlzed in 
Davidsm-Amott ~., (1989) arxi International Joint o:,m,issi'll'l FUnctional 
Groop 2 (1989a). 

Another a:wious human inpact is the effect of shore protec:tim structures on 
the shore enviza11e11t (Davidsm-Amott ~-, 1989). seawall oanstruction in 
many places actually increases the erosim rate, as increased soc:,.ir due to 
wave reflectim takes place in frmt of the wall. Groynes am other shore
perperxlicular stzuctures interfere with the natural transport of sarxi alOl'J3' 
the shore arxi can cause increased erosim dc:Mndrift of their locatim. 'lhere 
are also many aesthetic prci)lems with shore protec:tim. Many private am sate 
piblicly caistructed stzuctures are unsightly am in many cases restrict 
piblic and private aooess to arxi fran the water. 

FUblic access is a =itical issue. Because of the large annmt of private 
CM'leTShip alOl'J3' the shoreline am increas:irg develcpnent pressures, the am:All'lt 
of lam left available for p.iblic aooess is limited. With the grow:irg deman:l 
of the :recreatioo am tourism imustry throughcut the Basin, pressures on 
these areas already reserved for p.iblic aooess, such as National or state or 
Provincial Parks, is increas:irg, which in tum may contrib.rt:e to the 
degradatim of these natural areas. 

'Dlere are also a number of in:lirect human inpacts oo the terrestrial zone. 
Increasin;J develcptent in ooasta.l areas will p..it a greater deman:l on the 
resairoes of the lakes (e.g. CU'lSU!!ptive use, diversion of water to inlarxi 
areas) and can irx:rease the potential for pollutioo of these areas. 'Uris may 
detract aesthetically fran natural areas if garbage is dullped, carried by the 
wind or carried by the water. Septic tanks may leak, or they may be damaged 
or overloaded by sto:cm activity, creat:irg the potential for local water 
quality problems. waves fran ship am recreational boat:irg traffic may cause 
aooelerated erosioo in confined areas, includ:irg the oonnect:irg dlannels. 
Human-influenced water-level dlan;Jes (thraigh diversiU'IS, lake-level 
regulatim, increased CUISUl!ptive use, etc.) may also inpact sane shore 
envi:tailelits. 

0:IEervatial Initiatives 

A number of steps have been, or are be:irg, taken to limit hinnan inpacts on the 
shores of the Great lakes arxi oonnect:irg chanrels. Both the Province of 
Ontario and a number of states, l'KJtably Michigan, have recently un:1ertaken a 
l"Lllliler of shoreline managemern: initiatives to help protect the ooasta.l zone. 
For exanple, the Province of Ontario, thraJgh its Shoreline Managenent Review 
O:mnittee (1986) am the Ontario Shoreline Managenent Advisory 0:1.mcil (1988), 
has made a number of ra:x:meenlatiUlS regardin;J shoreline managemern:, includ:irg 
namin:J Ontario caiservatim Authorities as the lead illplementin;J agercy far 
shore management. other re:, 1111endatiU1S sonest illprovement in shore 
protec:tim arxi shoreline ~Ofliielll regulatiUlS, as well as pl.CajLdi16 that 
will assist owners of OllTel'lt structures located in hazaLd areas. Similar 
:reoamendatiU1S am guidelines exist in the United states, for el!allple, under 
the Coastal Zone Managenent Act (United states Cc.aJLe&;, 1972). 
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In other cases, significant habitats (both terrestrial and -wetland) are bein;J 
acquired by public agencies and either left in, or reverted back to, their 
natural state. others are bein;J declared as significant natural areas, with 
worldwide inportance. For exanple, I.alg Point a, Lake Erie has recently been 
declared as a United NatialS Biospiere Resezve. 

~e not without problems, ¼'zo;µ:ans and initiatives like these need to be 
CC11Sidered for inplementatia, throughout the entire Great Lakes - st. Iawzence 
River basin. 'lhey are crucial for the maintenance and pLeSeLVatia, of the 
terrestrial ern1b:amsnt and to the creatia, of a suitable balance between 
public, private and nunicipal lani use. 'Dus balance will ensure that the 
coastal za,e is used in such a manner that all can benefit frail its presence, 
ani so that it will be pzesezved for generatialS to cane. 

lEl'IAND 1!WIKIH!Nr 

JIJman DlplCts at Wet.lams: Alteraticn; ani I1'•lSSE!S 

In recent years, there has been an inc:reasin;J awareness of the resource value 
of oor coastal -wetlands and the urgent need to protect and consezve these 
ecx:,systems. 'lhe -wetlands of the Great Lakes have been greatly altezed by 
natural pz,:=sses and cultural practices. 'lhe inpacts to coastal '1"'8tlands in 
the Great Lakes zegion have becate a subject of particular conoem for the 
emergin;J coastal management pLo,.JLdllS in the eight states and the two provinces 
borderin;J the Great Lakes - st. I.awrence system. 

Generic stresses a, Great Lakes '1"'8tlands that inpact their functions can be 
cc:npared to the various functions diso1ssed for Great Lakes '1"'8tlands. In 
essence, the most frequently encnmteLed stresses on Great Lakes coastal 
-wetlands are: fillin;J/nr>:q:ticrnetric alteration and dzedgin;J, which affect both 
physical and biological functions of -Uands; water-level c:harqes (either 
human-caused or natural) , which certainly affect hytlrologic functions and to 
sane degree biological functions; discharges of pollutants and contaminants, 
which are an inmediate stress on water quality and seoon::lly on biological 
functia,s; haLvestirg activity, which may affect biological functions; and 
~ive use cli.st:uLbance, which may affect sensitive species as well as 
other human uses. 

Recent historic losses of -wetlands in the Great Lakes basin have been 
estimated to be 8,100 ha/year (Great Lakes Basin Ccmnissia,, 1981) with 
approximately SOI of the original -wetlands havin;J been lost (United states 
Fish ani Wildlife SeLvioe, 1988). A nuni:ler of studies have doalmente:l. the 
loss or alteratia, of coastal -wetlands in the Great Lakes. Mc::Cullcugh (1981) 
ani ~lane (1982) cx:mnente:l. on the Canadian Lake Ontario shoreline, where 
umanization has played a large part in the loss/degradation of -wetlands. 
McCullcugh (1985) cJocumented the destLUction of 30% of the eastern shore Lake 
st. Clair "1etl.arxls fran 1965 to 1984, clue primarily to drainage for 
agriculture (Figure B-3-24) . use of the :remainin;J -wetlands by true marsh
dwellin;J ducks declined dramatically durin;J that same tllle period. HeLden:lorf 
~-, (1986) djsc,1ssed human inpacts on the U.S. -wetlands in Lake st. Clair 
through agricultural, recreational and w:ban develq:rnent. 
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Selec:tm data fran the F.cologic:al Profile series are also pi; s;nt.,d in Figures 
B-3-25 and B-3-26. Ia1g-tenn declines in both the st. Clair River/Lake st. 
Clair;oetroit River system and the Western Lake Erie wetlands are apparent. 

Herdendorf n....AJ.., (1986) list the adverse alltural effects of nnst oonoern to 
Great Lakes coastal wetlands: wetland loss; fragmentation, dilcirg, and loss of 
hytlrologic o::cu ..... --tivity; an:i diarqes in the enviraimental gradient and plant 
cum,mi.ties. PUrther, Herderdorf &,Al., (1986) nate that the loss of coastal 
lo'etlan:1s ala,;, the Michigan side of Iake st. Clair has resulted in a loss of 
lo'etland :functions and values. For exauple, p.iblic drains installed to ilrprove 
runoff llO!!I oocupy former creek dlannels, wi.c:h no la,ger benefit fran the 
flood water storage, sedinent trawin3', an:1 nutrient uptake afforded by the 
natural lo'etlan:ls. Nor do the ranainin;J wetlands ala,;, the river m:mh an:i 
shorelines, wi.c:h have been reduced in size, partially develc:ped (especially 
on the laksward side) an:i otheiwise illpactecl., have the fish am wildlife 
value they aioe had. 

0.lrrent coastal develcpnent not only results in fragmentation an:i loss of 
hytlrologic connectivity, tut also frequently is associated with the loss of 
ui:par plant cxmm.mities (Jaworski and RaJ:hael, 1976). 'lherefore, nnst of 
these extant wetlands consist of just cattail an:i subnersed aquatic 
CXlllll.lllities, rather than a caiplete wetlan:i c:xmmmity contirnrum. Olarr;l'es in 
water levels in the Great Lakes l!IOOld, then, result in the loss of the current 
fu!x:tions in nnst lo'etlands as ~ to the shift of this function laterally 
in accord with the vegetation movements. In contrast, as exetli)lified by 
Dickinson Islan:i, wetlands that are connected directly to Lake st. Clair an:i 
exhibit a full enviraimental gradient, tend to experience lateral shifts in 
fu!x:tion an:i values. F\Jrtheim:>re, they are maintained at little or no cost to 
the p.iblic. 

Small, isolated wetlands near develcpnents, such as sub.Jrban housin3' an:i 
marinas, exhibit proximity an:i off-site illpacts. Proxil1!ity illpacts include 
a:ni>ient noise levels as well as human an:i pet intrusions. Off-site effects 
center on nutrient and secllirent loadin3' resul tin3' fran wim am water 
transport mechani.sms. If the extant parcel of lo'etlan:i is zoned for 
residential or sane other intensive use, there are pressures for fillin3' and 
develcpnent. Fire, as a distumanoe, seems to be limited to cattail an:i sedge 
marshes, such as those on Dickinson Islan:i (Jaworski ~-, 1979). 

Q)astal lo'etlands in the Great Lakes are lllllti-:functional because these 
enviraunents are part of both the uplands and the open-water ecosystems. It 
is the interface with the Great Lakes that llllltiplies the wetland fu!x:tions 
and contrillutes to the "open system" dynamics. streams and coastal watezways 
enhance the eocsystem o::cu ..... tively, wile obstacles such as earthen berms and 
dikes result in coastal wetlan:i fragmentation and loss of :function. 
F\mctional loss then, can result fran both bank-derived and lake-derived 
forces. 

At pr; sent, there is no indication that withcut intervention the trends in 
coastal 1"etland destruc:tioo an:i degradatioo will ~-
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CDBervaticn Dlitiatives 

Un:ler the Migratoey Bi%ds Oonventioo Act and Regulations, the canadian 
Wildlife Service (CKS) of Envixonmeut canada is responsible for the management 
of most mi.gratoey birds, and the canada Wildlife Act of 1973 gave the federal 
goverrmient authority to aoquire and manage habitats for migratoey birds and 
other wildlife. Several Natiooal Wildlife Areas have been established on the 
Great Iakes that protect and manage sane 4000 ha of natiooally inp:)rtant Great 
Lakes shoreline wetlands, altilcu3h coostruc:tion of dikes has isolated many of 
tMse -wetlands and reduced their fun::tiooal value. Intematiooally, canada 
has enpiasized its support for wetlands protecti.oo thrtugh the designation of 
several Great lakes wetlands umer the w.MSAR Cc:a'IVention ('lhe Corwentioo of 
the 0:lrlsel'Vatioo of Wetlands of Int:ernatiooal ~) . 

A wetland evaluatioo system was developed by Envizament canada and the 
Wildlife Branen of the Ontario Miro.suy of Natural ResaJroes (Envi.rcnnent 
canada and Ontario Miro.suy of Natural ResaJroes, 1984) . 'Ibis metho:l has been 
used to ecsmc 1,982 wetlands totalling 390,000 hectares. Virtually all of 
southern Ontario's most significant wetlands have ro,, been evaluated, 
includin;J 160 coastal wetlands and wetland oaiplexes on the Great lakes and 
ooonec:tin; channels (Gloosdlenko, ~., 1989). 

To help stem the oootinuin; loss of Ontario's wetlands, the provincial 
government has develcped and ilrplemented a wetlands program that has to date 
foolSed "ll'I: 1) wetland evaluation; 2) a wetlands policy for land use planning; 
and, 3) a tax rebate to encourage wetland protec:tioo by private landowners. 

'lhe 1983 Planning Act of Ontario statm that the ''protection of the natural 
envircnnent" and "features of significant natural ... intermt" are "matters of 
provincial interest". 'Ibis is the authority umer which the 1988 wetlands 
policy statement has been released for p.ibli<- mmoent. Mmicipalities as well 
as provincial government ministrim, agencies, boards and ocmnissions are "to 
have regard to policy statements". 

'lhe draft policy statm that all m.micipalitim, planning boards and resoorce 
management agencies shoold identify and protect provincially significant Class 
I and II wetlands within their jurisdictions in the cootext of local, regional 
and provincial land use planning objectives. 

'lhe :i:a,ently annouooed Ontario Oonsetvation I.and Tax Reduction Pl.cg:i:am will 
provide up to ooe hundred percent tax rebate to landowners of Classm 1-3 
wetlands as well as certain other heritage lands. To be eligible, landowners 
llllSt agree to long-term maintenance of the land and not to carry cut 
activities that wculd have a negative ilrpact on its values. 'lhese measures, 
alal3' with enlightened p.lblic SIJRX)rt, may begin to :reverse the pussures on 
the ranaining Ontario coastal wetlands. 

Within the united statm, wetlands are managed thrtugh a mixture of federal, 
state, and local initiatives, with p.lblic inplt fran citizens and intermt 
groups. 'lhe federal government's primary tool for protecting wetlands is 
Section 404 of the Clean water Act Amendments of 1977. In acoo:rtlance with 
Sectioo 404, the U.S. Army Co:i:ps of Ergineers (Co:i:ps) regulatm the discharge 
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of ch.ed,jed .,r fill materials in "all waters of the United states". Urmr 
sectiat 404, the Corps caisiders the advice of the U.S. Enviranmental. 
Protectiat 1qercy (EPA), the U.S. Fish and Wildlife Service, other agencies 
and the p.iblic when dec:idinJ 'Whether to issue or deny a pei:mit. 

Clle state in the Great lakes basin (Michigan) has assm•ed administratiat of 
the Sectiat 404 pro;µaw. M::lst, bJt net all, wetland pei:mit actions are 
handled by the Deparbllent of Natural Resources in Michigan. 'lhe other states 
in the basin also have wetland management laws that affom vaeyin;J levels of 
prc,tec:tiat to loletl.ands. Each state q,erates • imepen:lently aooording to its 
own laws. 

Federal agencies are obliged to carply with the Federal Wetlands Executive 
order 11990 and Federal Floodplains Executive order 11988, whicn direct that 
wetland and floodplain inpacts shculd be avoided or minimized to the extent 
possible. 'lhe order requires specific procedures for aqercy activities 
related to: 1) acquirin;J, managin;J and disposin;J of federal lands and 
facilities; 2) providin;J federally un::lertaken, financed or assisted 
ccnstroctiat and illprovements; and, 3) ooniuctin;J federal activities related 
to land use. 

'lhe cxinservation provisions of the 1985 Focx:l Security Act (Farm Bill) are 
erx:ooragin;J the presezvatiat of a vast acreage of agricultural wetlands and 
highly erodible CJ:q)lands. 'lhe swanp::,.ister provision eliminates price 
suwarts for individuals who C011Vert wetlands to prcduoe agricultural 
... iiii rlities. rn addition, the eight states in the Great lakes basin have 
enrolled a total of over 1.3 million hectares in the first seven OJnseivation 
Reseive Pl.o;µam (CRP) sign-up periods, <Ner 11.6% of the national total. Most 
of this area is net near the Great lakes shoreline. Areas oontinue to be 
enrolled, as this pro;,ta.u enjoys stron;, suwart. 

'lhe North American waterfowl Management Plan (Plan) is a joint Canadian -
U.S. - Mexican effort and offers nany q:portunities for wetland protectiat and 
emaooement in the Great Lakes Basin. 'lhe 1..c7,ier Great Lakes-st. Iawrence 
Joint Venture (habitat area of major concem un:ier the Plan) has anon; its 
goals to acquire an additional 4, ooo hectares of black duck migzation and 
winterin;J habitat and 24,000 hectares of breedin;J and migzation habitat for 
black ducks and mallards. Orgoin;J losses and altezation of shore habitat were 
the reasons for settin;J these goals. Shoold water-level decisions be made 
that 'WW!d reduce existin;J wetland resa.u:oes, (i.e. stabilization of levels) 
the binatialal a.Jieaue .. t lOll.d likely fall short of these goals. 

sane solutials to the various enviramental stresses that cause losses and 
altetations of wetlands have to be illpleiilented at the lowest level of 
government. Advice, advocacy, data, education, fun:lin;J and lcti,yin;J offered 
by any group to local clientele may facilitate a solution. Successful local 
management ordinan:les are often those with: 1) an un::Jexpinnin;J of soun:i 
tectmical data, a oarprehensive plan, and evenharr:ied administration; and 2) 
the e110lution of a partnership bebieell the Federal/state/ProVince, the local 
CXl!l!lmity, and its citizens in develq>in;J and illplementin;J the ordinance. 

Despite the ra.mt,er of significant wetland protectioo initiatives over the past 
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20 years, substantial losses (Cl'I the order of 5% per year) are still 
occurril'g. .Anr:n;J the :reasCl'IS for this are vazyil'g levels of cxmnitment to 
wtl.ards protectiCl'I by the united states and the ProVince of Ontario, 
in:aisistent administratiCl'I of the Section 404 p:cOJLam by the U.S. Anrr:l CoqJS 
of Erqirmers, and slCJii dev..J.c:p.anl of protecti.Cl'I policy (the Ontario policy 
for eiample, is still in draft fozm) . Despite heightened PJ))lic awai:eness, 
there are still many who view a well.am as a future agrialltural field, 
shq::pil'g mall, or hcusil'g developteul. '!here are hcpeful signs hcwever, illilOl',;J 
them the positive 1.e::q:,tiCl'I given by the aJSh administratioo in the U.S. to 
the "no net loss" 1.eo ewe. idatiCl'IS of the Natiaial Wetlanis Pt>licy Fo:r:um, and 
the dl.aft ''no net loss" policy of the canadian Department of Fisheries and 
Oceans • 

.ll(JmTJ:C l!NVIlDNNr 

&mm, TD1, ......... s Cl'I 'lbe Alpltic Flil7innttent 

land use alteratiCl'IS in the Great lakes - st. Iawrenoe River basin, use of the 
:takes as waste receptacles, and invasion of exotic species thl.0ugh navigation 
sb:ucbll.es have had a greater overall inpact on water quality and fishecy 
resources than have dlarges in water levels and flows, on which human 
influence has been minimal. 

Pel.haps the lowest point in the environmental health of the GJ.eat lakes 
occun:ed in the 1950s and 1960s. D.lt.rqilicatioo, toxic contaminants such as 
001' and mero.JJ.Y, intensive overfishin;J, and introductioo, or invasion, of 
exotic fish species had disropted the ecological balance of the lakes. 'lhe 
an;equences of eutrqru.cation, caused primarily by ~rus loadin;Js fran 
llllllicipal saJroes, were excessive algae and weed growths, beaches foule::l with 
p.itrefyil'g organic matter, and SUillllel.'tme oxygen depletion in rivers, 
embayments and the central basin of Lake Erie. While substantial government 
invesbtent in saiage treatment and limitatiCl'IS on i:nOSIXlO:roos content in 
detergents in the 1970s have largely ocntrolle::l eutrqru.cation, another 
ccntaminant issue has emerged. 

'lbe chemical in:iuslJ:y uncle:i.ienl massive expansion in the 1940s, 1950s and 
1960s. In the l.\lSh to develcp and manufacture products for in:iustrial, 
agrialltural, and oo.isehold use, thousarxls of synthetic chemicals were created 
and many of them have been detected in GJ.eat lakes water, sediment and biota. 
Except for a few well known ocntaminants, most of these chemicals were rarely, 
if ever, measw:ed and their fate and effects on fish and other OJ.galU.SIIS were 
largely igno1.ed. 'lhe 1978 Great lakes water ~ity Ag1eement and its revised 
protocols of 1987 (Inlematiaial Joint Ccmnission, 1988) specifically address 
toxic oc:l'!taminants, but these substanoes are pemaps IIIOre peivasive and 
diffiallt to address than any pievicus fozm of ccnt:amination. 

'lbere are 362 ocntaminants with known or suspected toxic prcperties that have 
been detected in the Gl.eat lakes. '1hese substances enter the lakes thl.0ugh 
ditect discharges, spills, w:ban and agrialltural l\.DlOff, and atmosp1eric 
depcsitiai. Many of them are persistent and bioaOClliilllate readily in the food 
chain, rechil'g sufficiently high levels in fish and fish-eatirg birds and 
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mamnaJs to cause health oonoems. Sane t:nnx:ul'.'S in fish and reproductive 
dysfuncticn arxi develc.pnenta]. atn:>rmalities in aquatic birds and mink have 
been attributed to toxic substances. Even if sairoes of toxic contaminants 
are cxritrolled, historical releases remain as in-place pollutants in sediments 
for extensive periods of til!le, and can be available for cyclin;J 1:ru:Qigh the 
food c:hain. 

Meanwhile, massive charges in the Great Lakes fishery ~ oant.i.rn.tin;J. In the 
1950s, the parasitic sea lanprey had spread ~ the Great Lakes, 
devastatin;J CX'ffllPJ'T'!Wly-valuable fish stocks sud:! as the lake trcm. and lake 
'Whitefish. 'lhe Great Lakes Fishery a:nventicn of 1955 was signed by the 
united states and canada in an effort to oant.rol sea lanprey pcpJ].ations and 
rehabilitate native fish stocks. Followin;J SCl1lP JMaSlll'e of sea lanprey 
cxritrol, Pacific, saJm,n ~ st:ocked to oant.rol pcpJ].ations of forage fishes, 
especially the alewife that had invaded the Great Lakes in the same manner as 
the lanprey. 

Today there are signs that Great Lakes water quality and fisheries are 
recaverin;J fran two centuries of abJse and exploitation. A significant sport 
fishery has develc:p;d and eutrq:ru.cation has been reduced, enhanc:in;J the 
recreational, aesthetic and other resooroe values of the Great Lakes. 
However, rehabilitation of aquatic habitat in the connectin;J dlannels, 
trihrtary IIO.lths, hartolrs and nearshore areas remains a conoern, and toxic 
oont:aminatian represents a dlallenge of considerable prqiortions. 'Ihe future 
of the aquatic envirornnent of the Great Lakes - st. Iawrence River system 
depems largely upon land use i.nprovements and waste nanagement and reduction 
in the basin to reduce contamination and sedilllent i.npacts, and on restoration 
and rehabilitation of habitat. 

Cl:mservaticn Initiatives 

Pl.ogres.. has been made in recent decades in pollution control b.Jt there is 
still a lcn;J way to go in order to achieve the oojective of restorin;J 
biological integrity and environmental quality in the Great Lakes. As noted 
in the recently oatpleted uwer connectin;J dlannels study, the largest 
1~ of contaminants are still OCl!lin;J fran point sairoes in the vicinity 
of nunicipal and iroustrial areas even thoogh most of these discharges are 
regulated. A significant effort 1lllSt be exerted to review and inprove the 
lllllti-jurisdictianal regulatory network in the Great Lakes. similarly, there 
is CXll'ISiderable rhetoric abcut non-point sairoes of oont:amination and many 
plans have been develc:p;d, b.Jt there is rurrently little i.nplementation of 
these plans to inprove non-point pollution oant.rol. Agricw tural and urban 
runoff, at:m:lspheric deposition, grwndwater infiltration, and elilllination of 
OClllbined sewer overflows need to be addressed. Fortunately, all of these 
requirements have been recognized by the U. s. and Canadian governments and are 
incorporated into the 1987 prot:oools of the Great Lakes water (µtlity 
Agrae1uent (Internatianal Joint o:mnission, 1988). 'Ihe dlallenge is to 
translate agreements and plans into effective oorrective action. 

Specific attentia, is required for cleanup of the most polluted regions of the 
Great Lakes, the 42 so-called Areas of Oonoern. 'Ihe 1987 protocols call for 
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the develc:p1&Jt of lffnediaJ Ac:tia, Plans (RAPS) to clean up pollutia, and 
r.tore beneficial uses in these areas. 'Ihis planni.n; process has generated 
cxnsiderable excitanent and hq)e in the Great I.akes basin throogh 
Uli'l".,,....,.-eJYted lllllti-agen::y involvement and p.iblic participation. 'Ihe 
dlall~, again, will be to translate plannin; into action. 

'Dlrcugh the RAP process and other initiatives within the Great I.akes basin, an 
ecosystem perspective towards Great I.akes management is emergin3'. 
Terrestrial, wetland, water quality and fisheries programs traditionally have 
been fragmented in the Great I.akes. lb/' it is bein3' recx:,gnized that 
i.nt:erdisciplinacy cocpe.ratioo is essential if 1r,1e are to break the cycle of 
tacklin3' a,e crisis after another in the Great I.akes. F.cological restoration 
and rehabilitatia, are ,:, iiilM a, d:>jectives of the International Joint 0:lmlission 
(IJC) and the Great Lakes Fishety O:l!missia, (GU'C). 'Ihe i:aportan::e of 
cocpe.ratia, to better un::lerstand the relatiCB'lShi.ps between water quality and 
biological CX11111inity structure is bein3' recognized. I..akewicle toxic management 
plans and nutrient reduction plans are bein3' develqied under the auspices of 
IJC, while disoJSSia, a, establishing fish CCll'IILD'l.i.ty goals by the lake 
a:mnittees of the GU'C is un::lenlay. 

Habitat is bein3' recognized as the integrator i.nere water quality and fishecy 
resources conoerns merge. Unfortunately, o.ir understanding of aquatic habitat 
attril:utes and requirements is considerably behind that of terrestrial and 
wetland habitat. One of the first steps is to be able to better define 
aquatic habitat. A ..orkshcp oo Classification and Inventory of Great Lakes 
Aq.Jatic Habitats was held last year and guidelines and recanmendations are 
currently bell}3' finalized. Meanwhile, the GU'C's Habitat Advisory Board is 
develq:,in3' an intemational policy on Great Lakes habitat and is ..orkin;J on 
habitat criteria for certain fish species as lr,18!1 as habitat goals for each of 
the Great Lakes. 

rn spite of past prcblEIIIEI and an-rent ooncerns, pemaps the m::,st enca.iragin3' 
aspect in the Great lakes basin is an emergin3' sense of environmental ethics 
and carin3' for the Lakes. em- recent aCXXl'lplishments in water quality and 
fishery management have resulted in more aesthetically-pleasin3' Lakes and a 
Great Lakes-focused recreational boan is un::lenlay. Environmental quality 
llprOYements are bein3' translated into econanic benefits estimated at 4.2 
billim dollars for the recreational fishety alone. A Great Lakes 
cxnstituen::y is growin3' and coalescin3' into a strong and unified voioe, 
speaking cut for Great I.akes protectim. strorg p.iblic SlJRX)rt is critically 
illportant for rurturin3' the political will far oontirued i.npravements in 
enviralmental quality. 

3.6 POIURB tH:ZR'.IJ'.IHlY 

'lhere is a good deal of un::iertainty surroon:ling the future oondi.tia, of the 
terrestrial, wetland and aquatic environments of the Great I.akes-st. Iawrence 
River system. 'Ihese environments have evolved naturally aver thousands of 
years in :i:espoose to .i.nportant ?1ysical and biological p:moesses, inclu:iin;J 
d'larges in water-level and teq)erature regimes, and will continue to do so. 
r:,.,e,r the past oentw:y and a half however, the nature, diversity and potential 
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0-1S&;t,.1e11ces of human interfrm with enviraunerrtal processes have c:han;Jed 
dramatically. Forest clearance, Ollerfi.shing, wetlani drainage, channel 
dredgirg ani fillirg, thennal. p:,wer generatioo ani the prooessirg ani use of 
synthetic chemicals are a few ~ many human activities stressirg the 
ern,lzamsut. Sane human stz sos threaten to alter, profamily, ani in a 
relatively short period of time, the distribltioo, extent, productivity am 
stability of specific enviranents. 

'lhis sectioo explores possible CUlS8QUE!l'lOE! of several human stresses oo 
terrestrial, "'8tlani ani aquatic enviralments of the basin. Enpiasized are 
uplicatioos of clilllate c:han;Je whidl oa.ild occur as a coosequenoe of a 
dcublirg of atm.Jsfberic cartioo dioxide. Alen diso1ssed are uplications of 
toxic cart:aminatioo ani shoreline mcdificatioo. 

CL1MM!! afAIIZ 

Global models of '°2-in:luced climate cnan;e, notably those produced by the 
GoddaJ'Tl Institute for Space studies (GISS) ani the Geq:tlysical Fluid Dynamics 
I.ab (GFDL), have been used to predict dlarqe in teirperature, precipitation an:i 
win::l oooditioos in the Great Lakes basin aver the next half-century. O'lan3es 
in these climate parameters, in turn, can be used to project cnan;e in net 
water erui;:plies in the basin, lake levels, camectirg d'lannel flows an:i ice 
oover oooditions. O.Jhen (1986), for exanple, generated several scenarios of 
Net Basin 51.Wly (NBS) fran the GISS an:i GFDL models. All scenarios projected 
a decrease in NBS, rcirqirg fran 11.7 to 28.9%, suggestirg lc:Mer levels an:i 
flows. Cohen (1986) stressed that significant uncertainty surrrun:ls such 
projectioos, in part due to difficulty in pre:iictirg dlarqe in precipitation. 

A climate scenario for the Great Lakes basin based on the GISS model (Cohen, 
1986; San3erson, 1987) is offered here as a basis for diso1ssion, Average 
annual tenpm"f:ure in the basin is projected to increase 4.5 .Jegr =s c, 3-4 
degr : in sunmer ani 5-6 cJe,jr e in winter. 'lhese increases 'WOJJ.d be fairly 
uniform througha.rt: the basin. Precipitatioo is projected to increase 6.5% on 
average across the basin, up 8% in the western an:i central portions an:i down 
3-6% in the eastern portion. A 2. 3% nean annual decrease in clood oover is 
projected. Both evaporation ani evapotranspiration 'WOJJ.d increase. Basin 
runoff 'WOJJ.d decrease 10.9%. A reduction in wi.m speed is possible, due to a 
red11ced equator-pole U!l'll)erature gradient (an:i reduced pressure gradients). 
Average ice oover oo all lakes, except Erie, 'WOJJ.d be reduced to O percent. 
Ice oover oo Lake Erie 'WOJJ.d be reduced fran 90% to 50%. 

'lhe upact of climate c:han;Je oo levels ani flows in the Great Lakes-st. 
Lawrence River systan is salient to the Refrm study. Assinnirq an average 
reductioo in NBS of 15\, the nean levels of Lakes Midligan-HUroo an:i Erie 
owld decline 59 an:i 44 an, respectively. It 'WOJJ.d be expected that existirg 
lake regulatioo structures oo SUperior ani Ontario 'WOJJ.d be used to minimize 
reducticns in 11ean levels oo those Lakes, with uplications for further 
reducticns in cbmstream flows. 'lhe rarqe between maxim.DD an:i minilll.nn 11011thly 
levels 'WOJJ.d increase marginally oo Lakes Midligan-Huron ani Erie. Mean flows 
in the st. Clair, Detroit, Niagara an:i st. Lawrence Rivers 'WOJJ.d decrease 15 
percent, with correspaxlirg decreases in water levels al0l'J3' these 
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waterocurses. 

Another influence on lake 1eve1s,.__expected,.. to crarqe over time is ocnsunptive 
use of water for a variety of danestic, industrial and agricultural pn:poses. 
'Die IJC has estimated that ocnsunptive use of Great Lakes water, presently 
about 170 ans, cculd increase to 720 ans by the year 2035 (LJC, 1985; Cdlen, 
1986) • 'lhis estimate does not recognize art'/ increase in ocnsunption, 
primarily for irrigation, tohi.cn might ocx:ur as a caisequence of climate 
charge. 'Die cad:>ined effect of the above climate ~ scenario and a 550 
ans increase in ocnsunption 'Wall.d be a decrease in the mean levels of Lakes 
Michigan-Huron and Erie of 83 and 68 an :respectively (Samerson, 1987) . Flows 
in all camecting channels 'Wall.d also decrease. 

DIE!!IClS " ClJllMZ aWCB 

Possible caisequences of the above-described climate dlan;Je scenario are 
diso1ssed uith respect to Great Lakes terrestrial, i.etland and aquatic 
env lza.1ueuts. 

nirmstrial. F.nvinnDent:s 

On bech.oc::11. shores, lower lake levels 'Wall.d have little illpact, except in lc::,w
lying areas where reduced flooding 'Wall.d be expected. sto:rm-induced flooding 
'Wall.d still be a prdJlem, espec:dally on Lake SUperior, where w,ximnn levels 
are not expected to decline substantially and where the absence of ice CO/er 
could :ren:ler lc::,w-lying areas nore wlnerable to severe winter sto:rms. On 
bedrock shores o 111osed of sedimentacy rocks, lower levels 'Wall.d expose these 
fOJ:111atia,s to sub-aerial weathering procs:ses, oontril:uting to localized 
prdJlems. 

I'll areas of cohesive bluffs and sandy beaches, lower lake levels generally 
lolCUJ.d have no illpact. 'lhe rate of recession of cohesive bluffs is related to 
wave-induced erosion of the nearshore and only a rapid lowering of levels 
lolCUJ.d effect a tenp:>rary reduction in recession. '1he reduction in levels 
projected in the above scenario is not cut of scale with the ~ of the 
annual fluctuation in levels experienced historically and, inp:,rtantly, 'Wall.d 
occur gradually over a number of decades. I'll most locations, the nearshore 
profile 'Wall.d adjust to this lowering as it ocx:urs. 0:lnsequently, lower 
levels as a result of climate~ 'Wall.d not be expected to inplct on shore 
recession in most areas, except where bedrock or nore resistant stratigrapiy 
is eooountered as the nearshore profile is lowered (Section 3.2). 

Sandy beadles 'Wall.d also maintain a state of dynamic equilibril.DII with lake 
levels and 'Wall.d be expected to a,:,:., .... date a gradual decline in levels. M,re 
c:rucial to~ in beadl shores is the sediment-. N:Jget. If the N:1get is 
negative (more sand moving cut of, than into, the local area), beadles recede; 
if p:,sitive, p:rog.ca&.tion or lakeward advance of the beacn ocx:urs. In 
locatia,s where the sediment bJdget is p:,sitive, lower levels cculd result in 
wider beadles and the fo:rmation of a new fore:iune ridge. As disa,ssed 
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previCllSly (Sectim 3.2), wave and se:31-nt regimes, rather than long-term 
water levels, are the key factors in long-term E!VOlutim of bluff and beadl 
shores. 

Mtl.le lower levels lolalld have little .inpact m mcst shore areas, a reduction 
in ice a:Ner <XJul.d be of oonsiderc!ble oa,sequenoe. Ice =ver aver the Lakes, 
as occurs aver mx:h of Lakes Erie and Midligan-fruron (and to a lesser extent 
the other lakes), reduces = eliminates wave actim and, oa,sequently, wave 
erosim mg sedi-nt- transport. Shore-fast ice, whidl may exten:J. 20 m = more 
offshore, protects the beadl and mx:h of the nearshore area. on lake Erie, 
shore-fast ice typically begins to form in early Deoatt.e... and may not melt 
until April, aff~ three to five IIICX1ths of protectim at a ~ lfihen 
stoons are frequent and intense. 

A projected warmin3' of 5-6 de;ji rs ~ in winter lolalld eliminate ice =er fran 
all lakes except Erie, whidl lolalld experience a significant reduction in ice 
a::Ner. U1'1doubtedly, the protection afforded by shore-fast ice lolalld be 
diminished substantially on all Lakes, with resultant increases in erosion and 
sedi-nt-. tiansport. Recession of bluffs and sane sandy beaches lolalld be 
increased, while additional sediment 51.Wly lolalld lead to increased 
progradatia1 of sane sand depositional features. Davidson-Amott (personal 
catm.micatim, 1988) speculated that a 50 percent reduction in shore ice along 
bluff shores ocw.d increase recession rates 20-30 percent. 

on the other ham, a reductim in wirrl speed conditions aver the Lakes as a 
result of climate change lolalld be expected to reduce wave energy, erosion and 
sedi-nt. tiansport. M.lch un:iertainty surroon:ls the de;jree to whidl a 
reduc:tim in wirrl speed wwld occ:ur (Cdlen, 1986), and fran a shore processes 
perspective, a slight reduc:tia1 in wirrlspeed wwld be insignificant relative 
to a reduc:tim in ice =ver. 

'lhe climate change scenario described above is not expected to have a major 
iDpact m reducin;J shore recession in most areas and, in fact, loss of ice 
protectim may exacemate erosion. Inuroation of sane low-lyin;J areas wwld 
be reduced- IlttX>rtantlY, lake levels wwld (X)l'ltinue to fluctuate (a slight 
increase in ran;e is projected) , with .inplications f= human encroadiment 
lakeward. 

'lhe projected increase in t:eirperature wcw.d likely have sane longer-tenn 
.inplicatims for terrestrial biota thrwgha.rt: the basin. A glooal projection 
of the iDpact of climate change m terrestrial eoosystens (Dnanuel ~-, 
1985) su:r.,ests a shift northward in plant a:mu.mities and the fal.D'lal species 
depement m these catm.mities. 'lhe extent and significance of these 
potential shifts in the Great Lakes basin is presently not knc:Mn. 

Wetland EnvironDents 

Shore wetlands are ~ically, biologically and o.llturally significant 
envhcunents. In Ontario, f= exaJli>le, two-thirds of the Province's 
emaIY:J8L'8d species depem m these wetlands (Kirkham, 1988). In both canada 
and the united states, wetlands in the basin have suffered significant losses 
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as a ccnsequence of agricultural drainage and other human distumaJXJeS 
(Jaworski and Raplae]., 1978; M:lCUllcugh, 1981; Whillans, 1982; United states 
Fish and Wildlife Service, 1988). Shore wetlands will be affected by climate 
cilarge directly as a ocn;equence of increased air and water tenperature and 
lowered water-level regime. 

Patterscn and Whillans (1985) s>lllllBrized inpacts of increased water 
t-e,p;,r-,,lture m wetlands. wanner air and water tenp,,-,,1:ure loiOUl.d be expected 
to in::rease the growirq sea:::,n and biological activity in shore wetlands. 
Higher rates of decay and dec:uip..E,ltim loiOUl.d in:::rease the availability of key 
mtrients. Winter habitat for sane wildlife loiOUl.d be enhan:lecl.. In::reased 
water te:Jpel""lture and mtrient availability, however, loiOUl.d result in 
ircrease:I biological oxygen demand (EOO) and algal growth and reduoe1 quality 
of habitat for sane fish species; carp and sane other warm-water species 
loiOUl.d be favrured. 

'lhe inpact of a lower water-level regime loiOUl.d differ substantially amon:J 
specific types of wetland. 'lhe slight in:::rease in ~e of levels projected 
loiOUl.d have a generally positive effect m areal extent of most "Wetland types. 
'lhe projected lowerin;J of mean levels loiOUl.d have minimal or no adverse inpact 
m these wetlands qien to the lake, such as qien shoreline, unrestricted bay 
and river delta wetlands (Sectim 2.3), assumirg suitable substrate and slope 
of the nearshore profile which loiOUl.d pemit wetland plant camunities to 
migrate lakeward in response to a lower regime (International lake Erie 
Regul.atim study Board, 1981). 'lhus, the areal extent of these types of 
wetlands generally loiOUl.d be maintained. 

tower mean levels, however, loiOUl.d have drastic effects on the areal extent of 
existin;J shore "Wetlands that are isolated Ji'!ysically fran the lakes, for 
exanple, by barrier beaches. In these situations, lakeward migration loiOUl.d 
not be possible, and lower water in these wetlands (as a consequence of lower 
lake levels) loiOUl.d reduce substantially the extent of wetland vegetation. 'lhe 
frirges of such wetlands loiOUl.d dry cut and terrestrial species loiOUl.d invade 
(International Lake Erie Regulation study Board, 1981; Wall et al., 1986). 
tower and higher fonns of faunal life dependent ai these "Wetlands loiOUl.d also 
be affected. '!here is potential for creation of additional wetlands, given 
suitable substrate and slope, but infonnation on the extent of this process is 
not known. 

Q'I the lower lakes (st. Clair, Erie and Ontario) and oonnectin;J crannels (st. 
Clair, Detroit, Niagara and st. Iawrenoe Rivers), sane 78,700 acres (32,000 
ha) of restricted riverine, lake-ocnnected inland, and protected shore 
wetlands (52% of total wetland area) OCA.ll.d be inpacted by lower mean levels 
and flows (Sectim 2.3, Table S-2-1). Of this total, abcut 57% is naturally 
or artificially protecte::1 wetland, abcut two-thirds of which is alorg the 
United states shore. Much of this United states area is diked marsh where 
water levels in the wetland can be manip..ilated to maintain species and 
vegetative camunities (Patterson and Whillans, 1985). 'lhus, the adverse 
inpacts of lower mean levels OCA.ll.d be mitigated to sane extent. 

A potential indirect effect of lower lake levels loiOUl.d be further 
agricultural, residential and other encroadunent into wetland or adjacent 
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areas. PL F3Ul:e wculd also likely exist for further dikin;J and human 
manipulatiCll of wetlands. 'Die amul.ative effects . of in::reased shore and 
-wetland m::xlificatiCll arc. pt smtl.y largely unknown. Q'l8 o:inoem wculd be 
increasing isolatiCll of wetland and ag.iatic enviraanents, with consequent 
J:educ:tiCll in faunal. amass to wetlan:ls and mtrient exdlan}e beb.een wetland 
and aquatic envirawrt:s . 

.Alplti,e:Envixaam:s 

'lhe aqatic envhauoents of the Lakes and their oainecting dlannels wculd be 
llpacted directly through in::reased water teq;,erature and lower mean and 
minillllm levels and flows. 

Althoogt> te,pa'"'!lture is an iJlportant pl}'Sical factor affecting the 
distril:utiCll of fishes, a projected mean anrual air te:!p'l""ture of 4.5 degrees 
C is not expected to extirpate fish species in the Great Lakes basin (Meisner 
~-, 1987). llrpacts Cll geograpucal extent, ramilers and productivity of 
specific fisheries, however, wculd be expected. Water tenperature wculd 
in::rease in tesponse to a rise in air and groond t;enperature, and higher 
iilc:reases would be expected in tril::ut:aries and small lakes in the basin than 
in the Great Lakes t-hernselves. 

Increased water La11et:ature wculd increase the productivity of the Great lakes 
fishery generally. Sdllesirger and Reiger (1982) calculated that a 2 degree c 
in::rease in average air tenperature wculd lead to a 26 percent increase in 
&.JJie,Jclte maYiDIDD sustained yield of OCIIIDE!ICially~uable fish. 'Ibis gain in 
productivity, however, wculd be due to in::reased productiCll of wann-water 
species, while the productioo of lake trcut, lake 1oobitefish, northern pike and 
walleye in the basin wculd be expected to decline (Schesirger and Reiger, 
1983; Meisner~-, 1987). 

'!he distril:utiCll of fish wculd also be affected by in::reased water 
te:!p'l""t:ure. '!he geograpucal ran;JE! of oold-water species such as lake trcut 
and lake 1oobitefish wculd be reduced, as the scuthem limit of these species 
wculd be shifted north. Conversely, J'llffljE!roUS wann-water species in the basin 
wculd be:, ■.e •nore widely distributed (Meisner ~-, 1987) and up to 27 new 
wann-water species not presently in the basin co.ll.d invade (Kirkham, 1988). 

wanner te,parttures of d par Lakes thraJghcut the year wculd likely re::luce or 
eliminate fall t:uma11er (San:lerson and ()Jinn, 1985). 'Ibis mixing of tq> and 
bottan waters as surface waters oool, bee:, 11e denser and sink, is ecologically 
iDportant as it transfers oxygen in surfaoe waters to dr:pcrr waters, 
preventing the developoent of anoxic cxnlitia1S. Peduoed win::ls over the lakes 
wculd also affect their theilual stIUc:ture. 

Iower water lell'els and flows in the Great Lakes, ex.au.a.ting dlannels and 
trlbJtary ~ wculd also hpact Cll fish. lower water levels wculd reduce 
the areal. extent of the hypolimniCll (cool bat.tan waters) and lc:iwe.. cuus..ting 
dlamel and tril:utary flows co.ll.d restri~ amass for migratory species and 
inpair 'tiabitat. ~s to SCIIP shore wetlan:ls co.ll.d also be restricted 
(Pattersal and lllillans, 1985) . 
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I.ewer levels and flows and higher water tarperatures woold imirec:tl.y upact 
fish populations by dec:reasin;J water quality (Section 3.4), partic:w.arly in 
shallow eni:Jayments. Disease and pests cculd be,;, -•e more stressful to sane 
fish species under reduced water quality cxn:litions. kff reduction in wetland 
area as a consequence of lower nean levels woold also inpact on fish and other 
aquatic fauna dependent on wetlan::ls. 

POilI1l'IClf 

water cpl].ity of the Great Iakes has been a l~-standi.n3' concem and the 
focus of alJD:st w- decades of oonoerted bi-natiaial. remedial effort, for 
exanple, throogh the Great Iakes water ()Jality .Aguenents. Significant 
14-ugz s has been made in adclressin;J c:w.tural. eutrqnication, largely throogh 
inprovements in nunicipal sewage treatment. With i.ncrease:1 production and 
widespread use of synthetic organic c:nemicals and metals since the 1940s, 
toxic contaminants have emerged as a major threat to environmental quality and 
human health (Section 3.5). About a thoosan::l c:nemicals have been identified 
in the water, fish and other Great lakes resoorces that humans use (Natiaial. 
Research Ocuncil and Royal Society of canada, 1985). Many of these 
bioacnmulate readily, increasin;J in concentration in aquatic food chains, and 
can have a variety of serious inpacts on fish, wildlife and l:nmans. Toxic 
contaminants were a major focus of the 1978 water ~ity J\greement and 38 of 
42 LJC Areas of Ccnoern contain toxicants. 

Toxic CXll'ltamination will remain a diffic:w.t prd:>lem to solve, and one 
surrcunded by m.x:h uncertainty. ~le major point soorces of pollution in the 
basin will 1--1 to be addressed, at:m:isi:neric deposition is an inportant souroe 
of CXll'ltamination, sane of which originates far beyond the basin. 'Ihe 
synergistic effects of c:nemicals in aquatic envirormients add a major cllirension 
of uooertainty. 

snm.mE XlDIFicra'IQi 

l'hysical m:dification of the shores and nearshores of the Great lakes and 
o:rinectin;J channels represents another souroe of uncertainty. landfillin;J, 
wetland drainage, shoreline protection, dredgin;J, and destruction of shoreline 
vegetation are sane of the kinds of physical m:dification that continue to 
occur (Section 3.5). Sane m:difications have been the subject of study and 
debate (for exanple, Hartley, 1964; Greenwood and M::Gillivray, 1978; Parker 
and Quigley, 1980), l:IU't typically individual m:difications have been deened to 
have little or only IIWX)r localized inpact. 

0ITer tine, however, extensive reaches of Great Iakes shoreline have been 
m:dified and little attention has been given to the CUl!lllative effects of 
many, individual actions. Potential inpacts include: m:xiification of sediment
budgets with cumnlt:ant alteration of patterns of shore recession and 
accretion; restricted acx:iess to land and water habitats for a variety of 
fauna; and loss of specific habitats, notably -tlan::ls and dunes. 
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rn CJWIZ IH .r&.Sl'i:Ll.blE 

'lalile climate d'larqe, and an associated possible lo.,,erin;J of Great lakes water 
levels, has captured llllCh recent attenticn, it should be bome in mini that 
there are many human-jTYJ11oed ~ oocurrin;J which create uncertainty as to 
the future state of the envil:ament of the Great lakes-st. lawrenoe River 
system and the many benefits and advantages this envi.rall!ent provides for its 
inhabitants. At;. diso•ssed, lo.,,er lake levels are unlikely to reduce shore 
recessicn or totally elilllinate floodin;J, Aquatic and, partiatlarly, 'Wetland 
envizameuts are more prcl:>lanatic. Sane environnents, and the species usin;J 
them, however, are likely to be i.npacted more significantly by a chan;Je in 
tenperature regime than a chan;Je in water-level regime. M:>reover, the utility 
of sane envizamenld and envi.ra11!ental resooroes may be i.npl.cted more 
profounily by pollution than by climate chan;Je. 'Ihe CU!lllative effects of 
many individual modifications of shore and other environnents remains an issue 
to be recka1ed with. Clearly, in the context of the Great lakes-st. lawrence 
River basin, human use of the basin's environmental resooroes, and 
fluctuations in water levels and flows, it is siq>listic to view dlan;e in 
levels and flows as the cnly, or even most significant, sa.irce of uncertainty. 

3.7 ~ 

'Ihe life and landfcmns of the Great lakes - st. lawrenoe River system have 
evolved over thousands of years in response to numercus forces of natural and, 
more recently, human dlan;e, Key Iilysical and biological processes which 
control the evolution and present functioning of terrestrial, -wetlan:i an:i 
aquatic envi.rcnments 111.lSt be more fully awreciated. 

o 'Ihe shores of the Great lakes erode, recede an:i a=ete primarily in 
response to the ererry exerted by wind-driven waves. 

o Shore recession varies based on exposure of the shore to wave attack, 
shore stratigraphy, an:i r.......,...,.ses such as chemical and Iilysical 
weatherin;J, surface runoff, an:i ice p.ish. 

o 'Ihe lon;i-term rate of recession for many shore types is essentially 
independent of water-level fluctuations, althOJgh erosion will 
tarp::>rarily in:::rease or decrease as a result of higher and lo.,,er 
levels, respectively. 

o 'nl6 cc.apt... of littoral cell and seclilnent J::ujget are useful in 
describin;J and umerstandin;J shore processes and variation in 
recession and a=eticn alon;i many shores. 

o Floodin;J of lcw-lyin;J shore areas is sensitive to lake-level 
fluctuations, most partiatlarly to short-tenn, wind-induced water 
level in::reases. 
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o Water-level fluctuations oc:mparable to recent historical cxnlitions are 
nee ary to maintain the l~--tem productivity, diversity and 
mctent of coastal -':lands. 

o Seasa'lal water-level fluctuations may increase species diversity of 
wetland vegetation; a decrease in the frequency of water-level 
fluctuations will decrease diversity. 

o sane modifications oculd be made to the water-level regimes of presently 
zegulated lakes that wrul.d be beneficial to -':lands. 

o 'lhe aquatic envL.alllelrt. is less affected by water-level fluctuations than 
are -wetlarx:ls; stom iDpacts on aquatic habitat and water quality may 
be more substantial than these clue to l~-term fluctuations in 
levels. 

o Within the historical rarge, aquatic habitat and water quality are more 
adversely affected by extreme low than by extreme high water levels. 

o Fish species have evolved un:ler, and are adapted to, OJl'Xlitions of 
fluctuatin3" water levels; species which spawn in spring are more 
affected by seasonal water-level fluctuations than are fall 
spawners. 

o lbnan use and modification of the Great Lakes - st. Lawrence River system 
have stressed terrestrial, -wetland and aquatic envirornnents: 
cx:instruction has reduced the natural flexibility of the nearshore 
profile to a.cca111.:xli:lte shore rrooesses; up to one-half of coastal 
-wetlands have been lost to agria.tltural and other devE=l.optenLs; and 
water quality has been significantly degraded by human activity, 
altho.Jgh recent inprovement is evident. 

o ltlile a mmiler of significant conservation initiatives have been 
inplemented in both ocuntries, adverse envircnnental dlarge clue to 
human activity is still widespread throoghait the system. 

o Climate ~e, toxic a:intamination, and shoreline modification are anon;J 
the human-caused stresses on the Great Lakes - st. Lawrence River 
system which create considerable unoertainty over future 
envircnnental OJl'Xlitions. 

o Climate chan;Je will likely result in reduced suwlies of water, lower 
lake levels and dlannel flows, and a potential, with reduced ice 
caver, for increased shore erosion during the winter. 

B-125 



SrX!t.ltfl 4 

l!lll7.IKHHfflU ¥-% - err r. IEASIR!S 

Envin:nnental iDpact asscssner-t (EIA) is an activity designed to identify, 
predict, evaluate and cxmn.micate info:cmation abrut the inpact of a prqx:,sed 
lmman action on the envixonment. 'Jhi.s activity is integral to the Reference 
study because there is a requirement for a full description and evaluation of 
a broad rarge of :measures which cxw.d be adopted to address the adverse 
oansequences of fluc:blating levels of the Great lakes. EIA is also 
significant to the study in that it helps to articulate an ecosystells awroach 
to investigating the water-levels issue by stressin,J the interrelationships 
and int:eJ:dependenies am::nJ J;)E!CJ)le, activities and envircnlents. 

over the past two decades, EIA has beoc:lle an accepted basis for decision
makin.J on major projects by federal, state and provincial governirents 
throughout the Great lakes-st. Lawrence River basin. '1he u.s. National 
Environmental R:>licy Act of 1969, canadian Environmental Assessment and ReView 
Process (1973), and Ontario Environmental Assessment Act of 1975 are exanples 
of le;iislative and administrative prooedures for environmental assessment. 
Many of the measures inventorie:l in the Reference study 'A'CUld be subject to 
such pi:ooednT"PS, as well as to other decision rules, prior to :illplementation. 

Traditionally, environmental, socio-econanic, and tedmical aspects of 
decisions ooncerttln;J human actions have been oonsidered in an inoonsistent, 
in:x:mplete, and often imepenclent fashion. carprehensive EIA has helped to 
averccme sane of these deficiencies. A response to these oonoems in the 
Reference study has been the clevelqment of an evaluation instrument, a 
:framework for makinJ jwgesrents abrut diverse measures in a nv;:,re ccnprehensive 
and consistent manner. 

FG2 is supportive of a broader, nv;:,re integrative evaluation of potential 
responses to the water levels issue which 'A'CUld serve to maintain and enhance 
the envirt:nnental integrity of the Great lakes - st.I.awrenoe River system and 
sustain the many and significant resooroes that fla.r fran that system. 
F\lrther, FG2 believes that eleirents of EIA are essential to aey meanin:Jful. 
evaluation of :measures. Am:>rg these elerrents are a description of the 
biqnysical and human environment affected by a potential measure, an 
unclerstaniinJ of how that environment functions and responds to forces of 
dlan;Je, and the clevelqment of evaluative =iteria to jlDJE! the significance 
of charge in that environment. ~e u.:ognizin,J the lllJ)Ortanoe of socio
eca.:mic and other considerations, FG2 has directed its effort ta.lard 
eman;:in;J un:ierst:alnirq of the biqhysical environment. 

'Die folla.,in.J subsecH.ons a:rt:l.ine in general terns the process of 
envin:nnental iDpact assessment, describe the aa,roach FG2 has used to 
organize cunent un:ierstanding of the environmental iDpacts of measures, 
sumnarize that un:ierstanding, and highlight fran an environmental perspective 
=itical issues which should be addressed in aey substantive evaluation of 
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JDeaSUreS. 

4.2 'DIE OF J!NVllUl!l!NmL DlfflCT ~ 

'lbe ability to anticipate the environmental ocnsequenoes of any prop--Eed human 
actim depems m several thin;Js. First, the nature of the human action 
itself nust be well umerstood. 'lhis means not ooly the oaipanent parts of 
the actim, but the way, and the looatim and time frame, in whidl they will 
be put into effect. secaid, the piysical and biological environment, 
inclUCWl3' landforms, organisms and the prooe::ses whidl influence these 
elements, nust be known in sufficient detail. Am third, the manner in whidl 
~ pzcifosed actim will interact with the environment, resulting in inpacts, 
nust be kn:lwn. In the absenoe of krx:JW'ledge, ass,JJT{frions nust be made. An EIA 
can be oo better than the least well umerstood of these thin;Js. 

In an idealized form, environmental inpact assessment can be characterized as 
a series of sequential steps: specification of the context for the EIA; 
descriptim of the affected environment; identification of environmental 
inpacts; evaluatim of the significance of these inpacts; and c:x:mmmication of 
the fin:lirgs of the EIA (adapted fran Lang and Annalr, 1980). Several reviews 
of EIA practice (Beanlands and ruinker, 1983; I.ee, 1983; Whitney and Maclaren, 
1985) provide a basis for the following discussion of these steps. 

SPrl!IFil.:ATICfi OF 'DIE a:NmXT PCR '1HE EIA 

A ratimale for uniertakin;J the EIA nust be established and the prop--Eed human 
actim or actions clearly and fully defined. 'lhis waild include a description 
of the timin':)' and duration of the action and the spatial scale of the action. 
As well, spatial and tenJ)oral boorxlaries for the inpact study nust be 
established. 

IElUUPril.d OF '1HE AFffCIBO EIIVIKHV!Nl' 

'lbe biq:bysical and human environment likely to be inpacted by the p11,;csed 
actim nust be adequately described. Key elements or features of that 
environment nust be identified. fbieVer, a sinple description of these 
elements is insufficient. It is "lCOe?sa:ry to recognize px, oesses which 
influence hew that environment functions and evolves. Am while it may be 
tatptirg to t:ry to krxJW' all abaJt the affected envixaunent, sane elements and 
pxccesses are clearly more salient than others. careful oonoeptualization of 
the affected environment is crucial to this step in the EIA process, and the 
product shcul.d be a meanin;1i'ul evaluation of OJrrent conditions. 

JIBfl'1F1CATI<Ji AHO lmDICl.'ICll OF IMPAClS 

:f\lrmmental to EIA is a scx::ping of the kiros of inpacts whidl nust be neasured 
and evaluated. Innumerable in:iicators of inpact or change in environmental 
oanditions can be identified, and me dlallen;,e is to identify those most 

B-127 



salient. Matrices are a , 01111111y used tool to display the interactim between 
specific human acticns and partiauar envircnmental elemants and processes, 
blt map averlays, netwozk diagrams and other methods have also been used. 
careful ocnoeptualizatim at this stage is essential. Models which aid c:,.ir 

Ul'lderstaniiD3 of the stnicture and, partiauarly, the functionin;J of 
em,hameuts are helpful in soopinJ apprqiriate inpact indicators or 
paraneters. An:i ~e it is ciwious that indirect as well as direct inpacts 
are of ~, another c:tiallenge is to cletezmine at what point in time 
am spaoe hpacts bee 111e sufficiently far rem::,ved to be of little oonoeni. 

QlCP iDplct in:licators have been identified, it is '1POPSSary to predict the 
directim and magnitude of envircnmental c:ilan;JP (in each indicator) 
attrib.Itable to any pt• p:sed act:im. 'lhi.s '1POPSS~.tates oarparinJ predicted 
ocn:liticns with and withrut the actim in plaoe. 'Iha acx=acy of predictims 
will ~ m c:,.ir umerstandirg of how enviraments functicns, the capability 
of predictive models used and the q.iality of data available. ffci,,ever, there 
will be .. degzee of uooertainty associated with any predictim made, and this 
IIIDll.d be made explicit. 

EVAIIlM'Iai ce IMPJ!ICJS 

Predictims of the directim and magnitude of envirorunental c:ilan;JP m.JSt be 
intezpreted as to their significance. Inportant characteristics of inpacts 
which nust be evaluated include the ge,:,grapu.c locatim and extent, t:imin;J, 
and duratim of inpact. 'Iha a.mulative and synergistic nature of sane inpacts 
JlllSt be CXll'lSidered, as well as the degree of irreversibility of iltpacts and 
opporbmities for mitigatim. 'Iha relative significance of different kinds of 
iDpacts can be partiauarly problematic in EIA, and nuc:h oontraversy surroon:ls 
t:h= aggze;1,.t.im and weightinJ of inpacts. 

<XNUO:CATIQI C'e EIA FINDIH.S 

It is inportant to be able to effectively camunicate fin:iin;Js and conclusions 
about environmental illpacts to decision-makers and the p.iblic . Maps, 
matrices, neblork diagrams and CCiiplter sinulatiais are a!llOn3' the techniques 
available to OCIIIJlmi.cate inpacts. 

4. 3 AH M"l'Blll,(H it> lHERS'D\NllilC lMPll!CIB OF MFASllRl!S 

Most of the develcpuent that has taken plaoe within the Great Iakes-st. 
Iawrence basin, and inieed within the world, has been driven by econaui.c 
CXll'lSideratia'ls, with relatively little thaJght to envircnmental inpacts. 'Iha 
oc:risequen::es of this are widely evident in the basin, and inpacts such as 
tcodc CCl'ltaminatim and loss of wetland habitat have been diso•ssed in Section 
3.5 of this AnneX. 

'Iha p.lrp:lSP of this sectim is to describe the awroach FG2 has used to 
mganize and SUDUarize SCiie of what is o.rrrently known about the environmental 
iDpacts of measures (human actims) which cruld be taken in respa1Se to 
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fluctuatin3 Great I.akes' levels. It IIIJSt be str sed that this approach is in 
the very early stages of evolutioo. Fla2 has not undertaken an environmental 
essmsrnert of measures. However, the awroach described below has been of 
value in providin;J sane prelbninary, qualitative descripti<X'IS of inpacts and 
in raisin3' sane illp:>rtant issues that shcwd be addressed in aey meanin;fu1 
hpact- ::ssm::mer+-. 'Ihese will be diso1ssed ln the followin3' section. 

An inpacts matrix provided the oc:nceptual franew'Ork for an initial, 
qualitative assmsre!'t of how terrestrial, wetland and aquatic enviraiment.s 
might respan:i to different types of measures (Table B-4-1) . For this 
essmsrnert, measures were organized into three broad classes: lake regulation 
(measures that modify in sane way lake levels and o:au ..... tin3' channel flows) ; 
shore prctectioo (measures that strucb.lrally protect shoreline fran floodin3' 
and erosioo); and, ncn-structuraJ. (measures that do not involve construction). 
Separate tables were prepared for each class of neasiire. 

~ 'DIE AFF&:IED ENVIIDHNl' 

Environmental inpacts should be e,q:>ressed first in terms of the influenoe of 
fluctuatin3' water levels and other prooessm oo the natural environment and, 
seoon:1, in terms of the effects of measures. By un:1erstanding the 
interrelationships beb¥een naturally-oocurrin3' plysical and biological 
pz,:, essm, we are better able to identify and evaluate the environmental 
inpacts of various measures. It is :iJiportant to distin;Jui.sh major carp:,nents 
of the Great I.akes - st.Iawrenoe River ecosystem (Column 1, Table &-4-1), that 
is, terrestrial, wetland and aquatic enviraiment.s of the I.akes and oonnectin3' 
dlannels. 'Ihese caip::,nents can be further sub:ilvided to reflect variations 
within~caip::,nents""'"' that may be llJ)Ortant to un:1erstanding how these 
enviJ.cume1nts respo!d to fluctuatin3' levels and other proomsm, and to 
measures (Column 2, Table B-4-1). Environmental carp:,nents and sub, 111onents 
have been described in sane detail in Sectioo 2 of this Annex. 

Aoother characteristic of the Great I.akes - st. Iawrenoe River system 
:iliportant to EIA is the water-level regime. Sane measures, such as lake 
regulatioo structures, will alter lake levels and oonnectin3' dlannel flows, 
resultin3' in environmental consequerx:,es. 'Ihe environmental inplicati<X'IS and 
effectiveness of other measures may be influenoed by a change in the water
level regime. 'Ihe water-level regime, alorq with other environmental 
features, provides a context for ::ssmsin;J the inpacts of measures. Five 
p:,tential alterati<X'IS to Great Lakes levels are shown oo Table &-4-1, Column 3. 

'lllile the c, 11p:iue1uts of the affected envircnnent, themselves, are :iliportant, a 
significant oontril::utioo of an ecosystem perspective or approach is its strms 
<X'I spatial and talp:)ral links amorq caip::,nents, and oo W1Clerstandin:i PI· cesses 
rather than sinply describin3' features. Wetlands, for exanple, capture and 
prOOM$ nutrients fran terrestrial ern,hamet1ts. and feed nea%'Shore and 
offshore aquatic enviraiment.s. Higher lake levels and sto:cms may facilitate 
this rmtrient transfer, spatially, -beb.-n wetlands and c:pen water. Time is 
also an :iJiportant ecosystem dimensioo. 'Ihe ti.min; and duratioo of water-level 
fluctuati<X'IS, for exanple, are critical to the reproduction of many wetland 
plants. 
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TAIII£ B-4-1:DIIIK &::.. 1 

.. BNVIIDIOil<rAL 2. l!NVIA:H1lfflAL 
rotl'CIOlNr SU>-<XH<><ENr 

lake Rnvi:ron.!llt 

Terrestrial - rocky shoreline, 
=ta! bluffs, 
=ta! bluffs 
overlying bedrock, 
sandy beach/ma.inland, 
barrier beach/ 
dW1e complex, 
low coastal plain, 
urban protected. 

Wetlaoo - open shoreline, 
wrestricted bay, 
shallow-sloping 
beach, river delta, 
restricted riverine, 
lake-connected 
inland, prot.P.cted-
--made (diked), 
protected-barrier 
beach 

Aquatic - open water, nearshorf', 
lake bottom 

Connecting Channels 
Envi~t 

Terrestrial - rocky shoreline, =tal 
bluffs, coastal bluffs 
overlying bedrock, 
sandy beach/mainland, 
barrier beach/dune 
complex, low coastal 
plain, urban protected 

Wetlaoo - open shoreline, 
unrestricted bay, river 
delta, restricted 
riverine, lake-connected 
inland, protected-man-
made (diked! 

Aquatic - open ·water, nearshore, 
channel bottoo, 

&I OP MIPS'IP'S 

3. LAKR LRVRL SCBNARIO •• llNVIllOl>t1IMAL 5 . PRBDICTIOO AND 6. LEVEL OF UNDERSTANDING '. Ft.n'URE DATA '-."EF.DS 
CRI'IEUA AND EVAWATION OF RESEARCli PROB!F.-6 
IMPACT IMPACTS 
INDICATCES 

- water level reduction - produr:ti vi ty - tlf'81,ript.ion of - <ionr.erns/1ssues - t.op1cs 
- water level increase e.g,net primar)' impa.cL., (magnitude, - eoimuents - I i.mitations 

- compression of range prod.ucti vi t~' '" duration, timing, - quFd i tati ve assessmen1 - r•f'search '" progre!::iS 

- expansion of range ~/m2/da:v degl'f'!P. of of understanding 
- changes in timing of - diversit.y rl"si 1 i ency, etc. l 

highs and lows f',g. number of - signi firanl'P of 
species imr:ru-,t.s 

- resi l ienrP 
e.g. t~)hnical 
judgement of 
of st.abi 1 it~ 

- purity 
e.g. biological 
o:,.;ygf'n demand 

- (JURnt.it.~· 
t>.g. hec-t.ar•f'i-. of 
Wf't.l.infiS 



IlBfi'Il'YllG J!IIVlK'H!l!JmU lMPACIS 

'lhe Reference Sm:!y has adcpte:i environmental integrity as one of several 
criteria for the evaluatioo of measures (Annex F). Westman (1985) defines 
envi.rcnmental. integrity as the desirability and necessity of preservin;J the 
ability of livin;J ~ to interact and maintain their structure and function 
in sane self-regulatin;J, hil'e static fashioo. 'lhis criterion :i:eoognizes the 
inp)rtanoe of short-te:i:m variability in environmental p'"OO?Sses to the lon:,
te:i:m. maintenance of environmental systems; that is, environmental quality is 
rot achlevecl. by eliminatin;J dlan:Je. Environmental integrity also ac:krXMle:iges 
the desirability of maintainirg the cpantity and quality of a wide rarge of 
habitats. 

'lhe criterioo of envi.rcnmental. integrity can be further defined by a set of 
q:,erational criteria. 'lhese q:,erational criteria are helpful in identifyin;J 
envi.rcnmental. inpact in:licators to be predicted and evaluated. lilpact 
in:licators may be a process or function, environmental =rdition, species of 
plant or animal, i;nysical feature, or a canbination of these. Productivity, 
diversity, resilience, ~ity, and habitat quantity are suggested cperational 
criteria (Table B-4-1, Column 4). For sate of these criteria, -11 
establishe:i staroard units of measurement and assessment tedmiques exist. 
Exanples inclooe gross and net prima:i:y productivity. Means of expressin;J other 
criteria, notably diversity and resilience, are subject to on:,oin;J disa•ssion 
and debate. 

SIJR)ort for the follc:Min;J criteria can be fam:i in the ecological and 
envi.rcnmental. inpact literature and in recent major documents sucti as the 
World Conse:i:vation strategy, Brun:itland O:mnission report, Great lakes 
Charter, and draft Habitat Policy fran the Habitat Advisory Board of the Great 
lakes Fishery O:mnission. 

Envinnnental Prccutivity 

Terrestrial, wetland and aquatic envi:i:cnnerrt:s produce a variety of cutplts. 
In a biotic oontext, plants oonvert solar energy into chemical energy 
"lPOeSsary to the maintenance of all life. Prima:i:y productivity i:uts an I.JR?eI" 
limit oo the size of the animal pcp.llations. Species, and collectively 
enviroranents, vary in their productivity. Wetlands and estuaries, for 
exanple, are gene:i:ally very productive. Environments can also be productive 
in an abiotic sense. For exanple, erosion of shores can produce sediment for 
redistri.b.Jtion. ~ in productivity (both biotic and abiotic) can result 
fran increases or decreases in the productivity of a unit area of environment 
or fran dlan:JeG in the quantity of partiallar environments (habitats) . 

Envinnnental Diversity 

'lhe richness of species and environments is significant in several respects. 
Species diversity helps maintain illportant environmental prooesses or 
functions such as energy flow and rrutrient cyclin;J. 'lhus, silrplification of 

B-131 



em,ltaments can inp,ir these ptce =ens and reduoe the stability-resilieooe of 
em,ltaments. 'lbe diversity of vegetative cxmnmitins (their spatial 
arraD;JE!lldl'I) may also cxrn:ril:ut:e to stability, for eiample by inpedi rq the 
spread of pmts or d:sensns. An:1 the dnsirability of maintainin;J genetic 
diversity (through minimizin;J species extinctioo) is increasin;Jly 
aclcmwla;iecl. In this regard, rare or eman;iered species are significant. 
'lollile 111.lCh attentim is focnssed m biological diversity, it is also illportant 
to maintain pi.ysical diversity, for eiample a rarge of different 
gecmcrphological shore typns, features and prooesses, as the diversity of 
habitat for livin;J thirgs clepellds, in part, m this. 

EnvhtnDental :aesil.iaxe 

Envira'IEl1tal resilieooe (or stability-resilieooe) is the ability of an 
em,ltame11t to maintain itself or recover frail saie disturtlanoe (human or 
natural) . Many factors awear to influence resilieooe, includin; species 
diversity and linkages anag vegetative =ities (for eiample the proximity 
of reoolatl.zatioo sources). Abiotic influences may also be i:ap::>rtant, for 
exanple the nature of nutrient cycles, fire, water-level fluctuations or the 
significaooe of sedine~ suwly to the stability of depositiUlal shore 
em, 1ta1ue1It.s. 

EnvhtnDental J?urity 

Envira1mental purity refers to the dnsirability of minimizin;J d1Sllical 
ccntaminatim, exotic organisms, themal pollution and other human inp.lts 
hazmful to envira'lmental structure (species or oc:mponents) and function 
(energy flow, nutrient cyclin;J and other Frocessns) ~ 

Habitat Quantity 

'lbe al:x:,ve criteria artirul.ate the quality of environnent or habitat. It is 
also in:p::>rtant to iecognize the ilipact of fluctuations in levels and flows and 
neasures r:espalCliJ'g to these fluctuations oo the quantity of varioos habitats. 
As noted above, quantity can be reflected in a oonsideratioo of envira'lmental 
productivity. 'lbe size of habitat units can also influence species diversity 
and enviramental resilieooe. However, the !ll1ICUlt of partirul.ar typns of 
envhamerlts is significant to both environnental f'unctiooin;J and human use of 
envha1ue1.t, for exanple :recreatiUlal use of san:l beaches, and resa.u:oes 'lotlich 
are depen:1ent m those environnents, such as fish and waterfowl. 

RBI[Cl.'DG .AND ~ :IJIPACl'S 

'lbere are many d1aracteristics of enviralmental ilipacts. '1he geograplic 
loc:atim, nagnitude, t.imin;J, duratioo, degree of in:eversibility, and 
onn1Jative nature are m,g those noted earlier (see, also, Table B-4-1, 
0:>l\lllD'l 5). To predict ilipacts of neasures, in tenns of these and other 
c:tiaracteristics, it is useful to coostruc:L ptooess-response mxlels of the 
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bpacts of fluctuatin:, levels and flows and other natural processes, and to 
recognize that illpSCts vary across and within different types of terrestrial, 
WE!tl.mn and lq.lBtic envizamsnt.... 'Dlese modeJs are q.ialitative and 
cpmtitative descriptims of hew partirnl.ar envL.amsnts iespcad to charges in 
levels, flows and other key Ji.ii.•• es. For exanple, the inpact of levels is 
likely to be qute diffeient aDJC:03 becl:tcx::11., fully develcped beach, and bluff 
shore types. flimiJarly, q>en and naturally-prat:ected wetlands may resp01d 
diffeiently to charges in lake-level regime. 'lbese prooess-iespcaise nrdels 
can be used to predict specific inpacts of measures on particular 
emrirtnlEntal featm:es and pr, o+ es, for exanple, the iespcaise of dowrdrift 
beaches to reduced sedille"t SUR;>ly as a ccrcsequenoe of the construction, 
updrift, of shore protect.ion. A basis for the cJev..J.cpiellt of prooess---respca--ise 
modeJs has been established in Section 3 of this Annex. 

To utilize fully the aml.ytical and predictive capabilities of p.:ocss..
:raspaise modeJs, it is necessary to construct a fi'aneworlc which recognizes 
spatial variation across and within terrestrial, wetland and aquatic 
envL.amsnt .. , and organizes and awlies awrcpriate data. To this end, FG2 
has dellelq,ed a spatial evaluation fr.meworlc. '1his fraltework is a 
classification and delineation of enviraments in spatial units~ in 
terms of p.:oces,,.-respca15.a nrdels. For exanple, distin::tive shore types or 
reaches have been defined and will bP Dlllr:ped alcn::J the shores of each Great 
Lake and ~ channel. FG2 has also established an integrated data base 
to oiganize information on shore recession rates, -wetland diversity, 
structures at risk, and many other bic:piysical and human features and 
pz, cessm .z:elevant to iirpact essocFT?lrt.. 

'D'le spatial evaluation fi'aneworlc and integrated data base can be brc:,Jght 
together in a Geographic Information Systan (GIS) . '1he GIS and its caJPC>nents 
are described in sane detail in Section 5. '1he GIS can be used to 
dlaracterize terrestrial, wetland, and aquatic envirooments and, in 
conjunct.ion with p.:ooess-response mcdel.s, car, r:csesc the oansequenoes of 
fluctuations in water levels and flows, and other (''"00PSSes such as erosion 
and sediDentatioo, and the inpact of DeaSUTes that cxJUJ.d be taken in response 
to adverse o:n;equences of fluctuations. 

As noted earlier, envinnnental. criteria sud:\ as diversity and productivity, 
lmich help define envinnnental. integrity, are useful guides to specifyinJ 
iirpact indicators. 'Dlese criteria are also relevant to evaluatinJ the 
significance of inpacts that are predicted. '1he vegetative species 
c • ¥11,usitioo of a wetland may c:han:Je as a ccrcsequenoe of the inplEl1EJ'ltatioo of 
a _ ... ire. If this c:han:Je results in a lcn::J-tem decline in species diversity 
of that WE!tl.mn, the iirpact takes oo greater significance. 

llMlTAT.IalS '10 llSSFSSIR; DIPJIClS 

1t'ey predictioo of envinnnental. c:han:Je is subject to sane deg:u,e of 
uncertainty. C\u.zant ~ of the furctia,inJ of enviramental 
c • +11ue11ts and sub • 11p11e11ts, partio.llarly in a site si;ecific caitext, is 
variable. Q>l.UllllS 6 and 7 of Table ~-1 call for ar> rcses::ner+- of the 
cw.zent understanding of inpacts and identificatioo of infonnatioo needs and 
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~ iSS'-· 1'G2 fCll.lm that an explicit ~cnirg of our ouneut 
understan:lin;J of erwi.rcnBltal. inpacts was valuable in identifyin;J priorities 
for further 1110rk. Sane of these reseaJ:dl needs are disc.,ssed in Sectioo 4.4 
and Sectioo 6. • 

4.4 FDEDQ; m' IG2 AND JIIPL1:Cld'ICl6 l'tR l!IIVIlDlll!N.I DIBIICl' JtSS ll!Nl' 

l!RVl1Ulll!H:rA Dll'JICIS mo JIBIISORl!S 

'lhe selecticn of measures to minimize the effects of fiuctuatin;J water levels 
has historically temed to c.u:.Jeultate oo alterin;J the natural envll:a11ua11ts 
rather than adaptin;J to envi.rcnBltal. conditions and pre e: ses. ClcrlseqUentl.y, 
enviramental iDpact essessrnerts have temed to focus oo measures that 
sltucb.lrally alter o.. c.u1ltol lake and shoreline prooe::ses. 

A OClllbinatioo of methods and info:cmatic:n sources were enployed by 1'G2 to gain 
an understan:lin;J of the nature and significance of environmental CU1SeC}UellOes 
of a ran:,e of measures. Sccpin;J, networks, sinple prooess-:cespouse models, 
matrices, and overlays were used to identify inpacts and assess their 
signific:anoe. Info:cmatioo was derived fran the professional ju1gement of 
IJIE!Dt)en;i of FG2, lite:cature reviews, results of reseaJ:dl CUlduc:ted as part of 
ltlase 1 of the Reference Sb.ny, and the ccmsensus of opinioo ootained thrc:ugh 
workshqs atten::led by experts outside of FG2. 

'lhe follcwin:J disoJSSioo provides a brief Olfe:cView of sane of the 
envi.raBnental. inpacts that are attribJted to three general categories of 
measures: lake regulatioo structures; sho:ce protection; and non-structural. 

lake Beglil.aticn strucbm!s 

Lake regulatia'l structures are aey human-elgineered structures that can be 
used to alter G:ceat Lakes water suwlies, levels, or nows. 'Ibey are usually 
massive structures that are designed to nr:xli.fy water-level fluctuations c:n the 
Great lakes. For exanple, ocntrol struc:tures cunently exist Cl'l Lakes ontario 
and SUperior, and other studies (e.g. Intemational lake Erie Regul.atioo Sb.ny 
Boam, 1981) have looked into the possibility of placin;J ocntrol structures c:n 
Lake Erie. 'lhese hulnan-«qineered struc:tures oculd also include diversions of 
water into or ait of the G:ceat lakes - st. tawreooe River system. A l11lli>er of 
tt.se diversions cunently exist, while many others have been theorized. 

'lhe main functioo of ocntrol structures is to nr:xli.fy the water levels in the 
Great lakes or the nows in the CClll'leCtin;J dlannels. 'lbus, the inpacts on the 
envinnnent will be related to these water-level or now dlarges. Previa.is 
studies (InternatiCl'lal Great lakes Levels Boa:cd, 1973; Intemational Lake Erie 
Rsgul.atioo Sb.ny Board, 1981) have looked at inpacts of water-level 
IIIOdificatioo en the envll:a11uaut. In this Annex, Sectioo 3 has provided a 
description of the inpacts of water-level fluctuations oo the ter:cestrial; 
-uand and aquatic envll:amsnts of the G:ceat Lakes - st. I.awreooe River 
syst.an. 1arl.le Sectioo 3 did not specifically aa:lress the inpacts of water
level regulatia'l, a JUJiJer of inpacts disc:ssed .the:cein ~ly he:ce. 
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In this section, however, the inpacts of water-level regulation are looked at 
directly, throogh a n.mi:ler of water-level "oc:nlitions" that could occur if 
further lake regulation structures were pJt in place. As an exhaustive EIA 
has not been conducted for water level regulaticn, the inpact.c: discussed bel= 
are by no means all that could potentially occur. 

Jleductions in water level 'WCul.d have mixed effects on water quality, with 
positive effects throogh rednced infiltration of septic systems and negative 
effects throogh increased release of r;tiosphoraJs and toxics fran bottan 
sed:iJnents. 'Rednced water levels 'WCul.d also decrease the nearshore habitat for 
fish spawnin;J and mirsery grc:,ums, thereby reducin;J fish production. 
Jleductions in level 'WCul.d rsult in a taiporary decrease in erosion rates, but 
'WCul.d not rsult in a laq-tenn erosion decrease in many shore areas. Beach 
widths 'WCul.d initially increase, and bluff erosion, which is =itical for the 
maintenanoe of beaches, 'WCul.d be teq;,orarily decreased. With lower water 
levels the incidence of, or potential for, flooclin;J could be rednc-ed, 

Increases in water levels, or in fl~ of connectin;J channels, could illpro\Te 
the fl~ of shall= E!llbayments and increase the dilution capacity. 
Increases in levels may be beneficial to fish by lllpro\Tin;J the nearshore 
habitat for spawnin;J. Increases in levels 'WCul.d lead to tenp:>rary increases 
in erosion rates and tenporary reductions in beach width, and could also lead 
to inc::reas8' sediment transport to beach areas due to this increase in 
erosion. 

stabilization of water levels 'WCul.d likely be detrimental to fish production, 
particularly for species depen::lent on wetlands because water-level 
fluctuations are very ilip>rtant for maintainin;J the diversity and extent of 
wetland habitat. Inpacts on erosion, beadles and flooclin;J 'WCul.d be similar to 
those described above. 

Olarges in the tinrln;J of high and l= levels (on a seasonal basis) woold 
likely have negative inpacts on fish production and wetland plant 
reproduction, due to their depen:ienoe on the present annual water-level cycle. 
Inpacts an the terrestrial zone are unknown, but it is thought that they 'WCul.d 
be of a relatively small magnitlrle. 'lhe inpacts on flocd potential are also 
unkrv:Jwn, but aey c::han;Je in the tinrln;J that shifted the seasonal highs to the 
sprin;J or fall stonr sea= could significantly increase the potential for 
stmm damage in develcpcd areas. 

Share Protect:icn Measm:es 

Shore protection can be defined as the construction of a structure that 
strives to cxllt:rol shore prcas::scs for human benefit. 'lhere are five general 
classes of shore prct:ection structures: 1) offshore parallel structures, which 
inclooe detached breakwaters, barrier island oanstruction and aey other 
structure that is oaistructed offshore and parallel to the shoreline; 2) 
onshore parallel structures, which inclme many CXIIUUI structures such as 
seawalls, revetloeuts and b.llkheads: J) shore-perperdicular structures, which 
inclooe groyncs, jetties and attached harbour breakwaters: 4) cxmplex 
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protecticn st:zucturE, an axanple of which is artificial headlands; and, 5) 
beach nourishment, a "ncn-structural" prc,tection neasure, where san:i is 
illport.ed and placed upcn a beach. 

'Dlere is a lazge am:unt of literature on the design and inplementation of 
variCI.IS types of shore prc,tection structures and beach nourishment tedmiques. 
'Ihe majority of these sbJdies have dealt with ocean o:,ast:J.ines, J::ut a few have 
dealt with the Great takes. While DCSt of the literature provides detailed 
descriptions of design criteria and methods of ocnstruction, very few sources 
directly adch:es.. the envi.rtnnental i:q,acts that these shore prc,tection 
~ can cause. Fortunately, there is a grtMing am:unt of literature on 
this topic and exanples include Hei:bich and Kc (1968), FitzGeral.d .i!t..Al• 
(1981), Fl. a e and Ia.llhawy (1983), Krauss (1987), Dcu;Jlass (1987), Griggs and 
Tait (1989) and Nakashi:ma (1989). Recently, caJpJter model.in;! has been used 
to analyze shoreline ~ caused by shore prctec:tion construction (Hanson, 
1989). Another don~ that is useful in this regard is the Great takes 
Shore Management Guide (strelchuk, 1981) . 

Despite bein;J grouped into similar categories, shore protection structures can 
vary ocnsiderably in style, size, quality, and durability. 'Ihe construction 
of shore protection structures, and use of beach nourishment tedmiques, 
o 1111c 11ly take place in a nunt>er of different shoreline environments. 'Ihe 
i:q,act of an individual structure varies widely with the characteristics of 
the em,lzaUteiil: in which it is placed, the material used in its construction, 
and its design and enplacement. 'Brus, the i:q,acts of one kin:i of prctec:tion 
neasure could be different for each different enviralment. While this is 
likely the case, it is also possible at this point to make sane 
generalizations aba1t the kin:is of inpacts that can be caused by shore 
protection measures. 

'Dlere are four general types of i:q,acts that can be cause:! by shore protection 
~: 1) i;nysicali 2) biological; 3) aquatic; and, 4) aesthetic. 
Fhysical i:q,acts are diiect i:q,acts of the construction and the q:,eration of 
the structure. 'Ihese include the alteration of erosion an:1 accretion 
patterns, interference with la,;ishore sediment" transport and material suwly, 
iDp!danoe of water flow and c:han;Jes in exposure to o.u:rents an:1 waves, and the 
alteraticn of shoreline tcpography. Shore-perpendicular structures, for 
exanpl'!!, typically IIIXlify local patterns of erosion and accretion. 

Biological i:q,acts for the DCSt part are indizect, unless construction of a 
structure physically destroys an existin;J biological habitat. 'Ihese indiiect 
inpacts may include a decrease in suitability of the area for certain plant or 
fish CX11D1mities, or the creation of new habitat for other species. Aquatic 
inpacts are similar to biological, altha.lgh structures may diiectly inpede 
longshore fish IDCM!ll1Sl'lt an:1 migration or provide a barrier to the IDCM!ll1Sl'lt of 
land organisms an:1 anptl.bians to and frail the water. 

Aesthetic inpacts include the obstroction of J;llblic access to and frail the 
water, an increase in noise and human activity durin;J construction of the 
structure, and a~ in the overall~ of the shoreline durin;J and 
after oonstroc:ticn. 
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lfln-St:nx:tm:alleasums 

Nal-struct:ural measures include: fee sinple p.m::ilase of prq>erty rights; 
mardatory strucbJral setback z~; subsidized structure relocation; 
regulatia1 of OCllSUl!ptive use; interest rate subsidy; real estate disclosure; 
tax abatanent to ocver in::reased qieratin;J costs; plblic infonnation and 
education; am stozm f~. 

l'llpact esses ,ei~s of nr:n-structural measures have typically focussed on 
their social am eocu:::ml..: effects. Issues 'lr variables that ocntril::ute to the 
si, r e s or failure of nr:n-structural measures include inplementation, 
enfozoement, funding, expertise, and social acceptability. 'lhe envira1mental 
illpacts of ncn-structural measures are difficult to assess because they are 
often subtle am it is difficult to predict the oa,seq.ieoom of not ai:plyin;J 
these measures. 

categorically, ncn-structura1_...... measures are flexible, can be awlied in a 
variety of envi.l:01111l811~, and can be tailored to address particular issues, be 
they envircnnental, social, or eoaianic. While flexibility can be 
advantagews, it makes it mre difficult to generalize about nan-structural 
measures or to evaluate specific measures. A mre detailed enviroranental 
essessnert of ncn-structural measures will require an invento:cy of ncn
strucbJral measures awlied to date in the Great Lakes - st. I..awrence River 
system. 

OVerall, it 11iCUld an,ear that non-structural measures are generally effective 
in protectin;J wetland, aquatic and terrestrial envi.l:all1l8lits. 'lhis is 
aocaiplished by directin;J developnent: away fran hazardcus and sensitive 
envlzameits. Nal-structural measures can be used to ocntrol enviroranentally
depreciative activities such as drei,Jin;J, shoreline fillin;J, wetland 
ocnversion, and sewage disp,saJ. 'lhus, non-structural measures pennit a 
naturally-furx::ti<Din;J ecosystem, 'Whi.d'I has persisted in the Great Lakes - St. 
I..awrence basin for centuries, to oantinue. As such, shore features are able 
to adjust naturally to erosioo and depositional p,:ooesses and wetland and 
aquatic eoosystellS are able to freely respc:ui and adapt to fluctuatin;J water 
levels. 

'lhe effectiveness of non-structural measures increases prcp:,rtionally to the 
nmiler of measures ai:plied and to the level of a:mnitlnent toward 
inplementatia1 and enforcement of the measures. Q'le oonoern about uneven 
ai:plicatia1 is that developnent: pressure will shift to other sensitive areas 
not yet protected. 

JMPIJ:CATJafS 11:R l!HVIKNBtrAL ASSl!:SSMDfl' 

'lhe envircnnental ,.. 11p:neut& of the Great Lakes - st.I..awrence River system, 
and illpacts a1 these ccnpcnents, are diverse, OC11plex, and interdepermnt. 
Management of this system thrwgh the inplementatioo of measures will require 
COOI:dinatioo am cxx:parlltion aiugsL and beb,eei. agerx:ies and the plblic. 
'lhere is a need for a shared ai:proad'I and ocnoeptualizatioo of the Great 

B-137 



Iakes-St.I.awren:le River system and the iDpacts of water-level fluctuatians and 
measures. 'lhe diversity of envizaileirts, types of measures, iDpacts, and 
agencies involved are eviden:e that the essmszne"': of environmental iJlpacts 
and the selection and S'YXJPSsful illplanentatian of measures will :require an 
ecosystem IIH)rtliich. 

Cw.tent evaluatians of environmental iDpacts are general in nature, li.mitei by 
cur umerstan:tin;J of: ecosystem level management; the leVel'Sibility of 
biological and piysical iJlpacts; ecosystem fUn:::tians and values; the detailed 
aspects of shore pzc- e: sm; the mxx:ess rates of various zestoratian 
tectmiques; and the cxzplexities associate:\ with the extensive diversity of 
envira'lments. Evaluatians ten:i to give high priority in the ranking and 
evaluation of the significance of iJlpacts to those iJlpacts that are well 
umerst:ood, and :i.npacL evaluations ten:i to cancentrate an iJlpacts that are 
maasurable. 'lhis situation is typical of environmental inl)act essms:nent, and 
it is often a function of li.mitei inf011Datian or researdl. 

'lhe :i.npacL of fluctuating water levels an naturally-occurring wetland, 
aquatic, and terrestrial environments is as varied as the diversity, 
productivity, resilience, purity, and quantity of these environments. 'lbere 
is growing eviden:e however, that despite the diversity of environmental 
iJlpacts resulting fran fluctuating water levels, these inl)acts ten:i to have 
beneficial tather than adverse caisequenoes for shoreline ecosystems. OJr 
Oll'lel1t umerstan:tin;J of natural J;'"'OCE:SSM oanfitms that water-level 
fluctuations are integral to the maintenance of terrestrial, aquatic, and 
wetland envizawe.rts. Although the iJlpact matrix provides a generalized view 
of iJlpacts, it oversillplifies the ran;Je of iJlpacts. By generalizing the 
illpacts, the carplexity, diversity, and linkages among sensitive biological 
and piysical environments have been CXlSCUled. More detailed ioodeling of 
environmental illpacts thrQigh the cq:plication of the Geograptlc Infonnation 
System will provide a JJCre sensitive interpretation of the response of various 
ecosystems to water-level fluctuations and measures awlied to ameliorate the 
adverse iDpacts of fluctuating water levels. 

:rt lllJSt be stressed, again, that existing aquatic, wetland, and terrestrial 
env.i.tai1ei1ts of the Great Lakes reflect decades and centuries of water-level 
fluctuation. Dynamic water levels represent pemaps the most significant 
source of change in the Great Lakes - st.I.awzeooe enviraunent. 'lhis change is 
not without detrimental environmental caisequenoes; however, without c:han;Je, 
ccntinled inprovement or regeneration of life and landfotm will oease. 'lhe 
lcn;i-tetm maintenance of aquatic, wetland, and terrestrial environments will 
not be enha1'XJed by reducing the forces of short-tetm change that have 
structured these envltame.rts. 

'lhe efforts of F\Jnclianal Gtalp 2 have cancentratei an developing a clearer 
urderstandirg of the existing env:iranent and the role and significaooe of 
fluctuating water levels and flows to that ern;ltaileirt:. 'lhe iJlpact matrix 
(Table B-4-1) provided a CD'lOl!pLual framework to identify potential iJlpacts 
and the links bm,een environmental c.x:mponeirts. 'lhe matrix also helped to 
dlaraclerize cur Oll'lel1t un:lerstan:iing of measures and identify areas where 
further documentation or researdl is needed before an environmental illpact 
esscs:::zner+- can ptooeed. 'lbere is a lazge ran;Je of potential environmental 
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hpacts of measures. '1he type, magnitme an:i duration of hpacts are 
influenced by the envirormental catp.t.ent or sub, 11p:>1ent in which they ocx:ur. 
'lhese cl:lservations ocnfinn the need for more detailed, site specific 

evaluations that ad:b. s specific measures. '1he significance of a spatial 
perspective is aajressed further in Section 5 of this AnneX. 

4.5 SlMIIIRY 

Envircnnental. hpact assmsnert (EIA) ha,- l:e , 11e an accepted basis for 
decisiaHDaking a, many major projects an:i Jlllst be an ~rtant part of the 
Reference study. 

o An a;proadl to organiz~ OlI'rE!l'lt understan:lin; of the envirormental 
hpacts of measures has been develq,ecl.. 'lhis a;proadl i.nvclvm the 
identification of environmental catp.tents, the specification of 
environmental criteria an:i .inplct in::ticators, an:i an assm:mer+- of 
the OlI'rE!l'lt level of understan:lin; of .inplcts. 

o 'lhis a;proadl was a;plied to Sllll'lllariZ~ Sate of what is presently kncMn 
about the environmental :inpacts of lake regulation structures, shore 
protection structures, an:i non-structural neasures. 

o Environmental integrity has been offered as a major criterion for the 
evaluation of neasures; environmental productivity, diversity, 
resilience, purity, an:i habitat quantity are ~ guides to the 
specification of hpact in::ticators. 

o Many gaps exist in our pusent understan:lin; of .inplcts; greater 
attention Jlllst be given to, il1IDl'l:J other th:in;is, the spatial 
characteristics of :neasures an:i their hpacts. 
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Sl!X:l'IOl5 

A Sl'ATDL PlkllB!l:I.VE I.II ll!SUUP.tll.11, lK• F SS -IIE DIBIICI.' 

5.1 nma:o:::rraf 

A major attribzte of the :Reference study is the adcptia, of a spatial 
perspective. 'Jhis perspective recognizes variatia, fran Lake to Lake, and 
ala,g sections of lakes and cx:rmectirg channels, in the distrib.Jtion of 
iDpoztant env.innnental and human features. It ackoowledges spatial variation 
in the :tespalSe of specific terrestrial an:l other enviromnents to key 
pv c es, inclu:lin;J fluctuations in levels or flows. Cl:JnseqUently, 
umerstaming of the sensitivity to these p'"OC'l!Cses of human activities, which 
depend on these envi:tuiients, is enhanced. A spatial perspective also 
highlights the distrib.Jtia, of various anticipated :inpacts of measures or 
actiais pr• ,pciSed to address adverse consequenoes of lake-level fluctuations. 

'Jhe adept.ion of a spatial perspective by FG2 has resulted in the develcpnent 
of a spatial evaluatiai fLalllE!loOrk ani an integrated coastal za,e data base 
which is stored ani analyzed in a cxmpiterized Gecgrcq:hlc Infonnation System 
(GIS) . 'Jhe spatial evaluatia, ftamework is silrply the classification and 
delineatiai of terrestrial, 1oetland and aquatic enviromnents in spatial units 
meanirgful to an assessment of fluctuatin;1 levels and of measures. 'Jhe 
coastal za,e data base represents a cxmpilation of data 'lPOE'Ssary to this 
assessme:-t. 'Jhe GIS is the cxmpiter technology used to manip.ll.ate and display 
gecigraplically-referenoed data. In (X)lljl.D'lCtion with process models of hc1.I 
environmental and h\.Dllall use systems function, the GIS represents a powerful 
descriptive and analytical tool (Figure B-5-1) . 

'Jhe followin;1 subsections describe the GIS systems bein;1 develq>ed by FG2, 
detail the American ani canaclian data bases and spatial evaluation fLalllE!loOrks, 
and illustrate several 3R>lications of a GIS. 

'Jhe GIS systems are not yet fully c.peratiaial because data limitations exist 
for sane panmeters an:l locations in the basin. More 1NOrk also remains to be 
da'le in develcpin;1 process-response models to utilize DDre fully the potential 
of a GIS. 

5.2 Il!SCJUP.l'I:Qf OF 'DIE ~C JNF\'.HIATIQf SmTl!tlS 

1EAT :rs A Gl!DGRAHllC JNF\'.HIATIQf SYSTEM? 

A Gecgrcq:hlc Infonnatia, System is silrply a ~ "tool" which 
captures, displays ani manip.ll.ates gecigraplically-referenoed data. A GIS 
allows users to think spatially ani to 1NOrk with spatial data to solve 
proolans. A GIS will penni.t integratia, of data f:run many soorces in a wide 
:r:mqe of fonnats, and the OUlStnJctia, of versatile ani flexible gecigraplical 
models grickly, silrply ani cost-effectively. 
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FIGURE B-5-1: APPLICATIQII ~ A GlS m ffil7IlUMlNTAL KIELDC AR> n.>ACT nS llllff 
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~ QUJP 2 GIS SJ!Sl&IS 

Due to the bilateral nature of the LJC and the :Reference study, and current 
:investments in existin1 systems and data, beth an American and a canadian 
Geographic Infcmnaticn System are bein1 aiployed by FG2 to store and analyze 
the int.egrated Great lakes coastal zaie data base. '1bese systems generally 
ccntain "'imiJar data, although different methodologies and oaipilaticn 
tedllliques are bein1 used by beth cx:untries. tllile it is tedlllically feasible 
to int.egrate both data bases into cne fcmnat/systsm, it is not 'lPOl!Ssa:::y since 
there is a corisisten::y batween data variables and classificaticn systems which 
will facilitate integraticn if and when it is requiJ:ed or desired. It is 
ren 1111e>ded that cnly the intei:preted results be integrated at an appropriate 
scale to pn,vide a oc:mprehensive OYerView. 

'lhe data base for the Great lakes shoreline of the United states is beirg 
develcped in the state of Mic:hlgan GIS thrcugh a o:q:,erative agreement between 
the U.S. ~ 0:>zps of l!n;Jineers (COE) and the Mic:hlgan Department of Natural 
Resources (MmR) and thrcugh services of a oontractor. Followirg the standards 
and specifications recently used by Mic:hlgan to establish a data base for the 
Mic:hlgan shoreline, the data base will be expan:ied to inclme the entire U.S. 
shoreline. 'lhe U.S. GIS q,erates in an Intergrapl/Vax envircnnent and has 
sqnisticated mai:pirg and good analytical capabilities. 

'lhe Spatial Analysis System (SPANS) , a ~ microoaiplter-based GIS 
develcped by 'IUW: Tedmologies, Inc., is beirg used to store and analyze the 
Canadian coastal zaie data base. Highlights of the SPANS system inclme the 
use of a variable size raster (quadtree) to .. cxxewo:late the level of detail 
required, a host of integraticn functions (overlays) , a variety of 
intezpolaticn tedllliques to o:invert p:>int data to continuaJS data, and the use 
of bI:owse picture files for quick visual display of results. 

M:st of the data prqiosed for the coastal zaie data bases already exists and 
was sillply cxnverted into a machine readable fonnat (e.g. IrBase, Lotus). 'lhe 
desired Canadian infonnation has been assenb1 "Cl by an FG2 groop within the 
Water P~ and Management Branch of Envircnnent canada with irp.zts fran 
the Canadian Wildlife Service (~), Deparbnent of Fisheries and Oceans (DFO) , 
Hydrograplic Service, Naticnal Waters Research Institute (NWRI), Ontario 
Minisb:y of Natural ResoJroes (CIINR) and the Department of Geograpiy, 
University of Q.Jel];h. 

'DIE U. S. GRFAT LIDS <XlMTAI. zam ~ 111\SB 

'Ibis -.::ti.en identifies and describes the variCAJS attrib.rt:es of the key Great 
lakes ecosysteu 0.11p:.o,11t:6 stored in the American coastal zcne data base. 'lhe 
U.S. shoreline data base will consist of data en the land ocver/current use of 
a strip of shoreline fran the water's edge to awroxi,mately two miles inland. 
'lhe land ocver/current use data are subdivided into 52 categories (Table B-S-
1) within major classes sudl as residential develq:-1.ant, industrial, and 
-wet:.J.ams. 'lhe entire data base is beirg develcped fran souroe material at a 
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'DIBU! B-5-1: UAU!lirl Li111> <XM!R/USP lH :C RR llllffD SOOfS' GIS 

l UIBAN 
11 RESIDENTIAL 

111 HULTl·FAHJLY,HIGH RISE 
112 MULTl•FAHILY,LOW RISE 
113 SINGLE FAMILY,OUPLEI 
ll!:1 MOBILE HOME PARK 

lZ COMMERCIAL;, SERVICES, INSTITUTIONAL 
121 PRIMARY/CENTRAL BUSINESS OISlRICT 
122 SHOPPJNO CENTER/MALL 
124 SECOI-OARY BUSINESS/STRIP COlt-lERCIAL 
128 INSTITUTIONAL 

13 HllUSTRIAL 
138 I NDUS'lRl AL PARK 

14 TRANSPORlATION, COt1HUNICATlONS, UTILJTIES 
141 AIR TRANSPORTATION 
142 RAIL lRANSPORTATION 
143 WATER TRANSPORTATION 
144 ROAD lRANSPORTATION 
14!:I COMMUNICATIONS 
146 UTILITIES 

17 EXTRACTIVE 
171 OPEN PIT 
172 UNDERGROI..HO 
173 YELLS 

1, OPEN LAND, OTHER 
1q3 OUTDOOR RECREATION 
1q4 CEMETERIES 

2 AGRICULTURE 
21· CROPLAND 
2Z DRCHARDS,BUSH FRUJT.VINEYARDS,ORNAMENTAL HOROICULTURE 
23 CONFINED FEEDINO 
24 PERMANENT PASTURE 
2q OTHER 

3 NONFORESTED 
31 HERBACECJ.JS 
32 SHRl.8 

4 FORESTED 
41 DECIDUOUS 

411 NORTHERN MARDWOOD 
412 CENTRAL MARDWOOO 
413 ASPEN/WHITE BIRCH ASSOCIATION 
414 LOWLAND HARDWOOD 

42 CONIFERCJ.JS 
421 PINE 
422 OTHER UPLAND CCIH FER 
423 LOVLAND CONIFER 
4zq CHRlSTHAS TREE PLANTATJON 

5 WATER 
151 STIIEAH 
ISZ LAKE 
153 RESERVOIR 
!54 ORl!AT LAKES 

8 WEl\.ANDS 
81 FORESTED 

611 YOODED 
612 SHRUB, SCRUB 

62 NONFOP.ESTED 
621 AOUATJC llED 
622 EMERGENT 
623 FLATS 

7 BARREN 
72 BEACH, RIVERBANK 
73 SANO DUNE 
74 EXPOSED ROCK 

B-143 



scale of 1:24000. 'lhe land oover/OlrI'ellt use data for all states other than 
Midligan is beirg interpreted fran 1:24000 scale aerial photogrcq:ny taken in 
Septad)er, 1988. 'lhe Midligan portion will utilize existirq data in the 
Midligan Resa.lrces InfOilllation system (M[RIS) • 

Al.Cllif with the land oover/OlrI'ellt use data, areas subject to flocxl. hazard and 
erosion hazard are beirq i.nco:cporate:i. I.an::ls in plblic ownership, primarily 
state and federal, are beirq identified. 

'Ibis data base will zep:r sent a framel«>tk into which other types of shoreline 
data can be iriCOlpOL"ate:i in the future. It will facilitate consolidation of a 
very diffuse body of Jcmwl~ and will focus future shoreline research and 
management efforts towaztl. a better-defined cx:m..:., goal. 

Figure B-5-2 portrays the land oover/OlrI'ellt use data of a section of 
shoreline in Barqor Township, Bay 0:l.lnty alCll;J Saginaw Bay, Lake Huron. 
Figure B-5-3 portrays a , 011£ ■:site of flocxl. hazard area with lake bathymetzy. 
SUdl data will be used to quantify the prcbable extent to which land use is 
lJll)aCted by various lake-level scenarios. FUrther uses of these data will be 
for analysis of the i:apacts of water-level and shoreline management scenarios 
on critical natural habitats such as coastal wetlan::ls and fish spawnirq sites. 

'DIE CANNlIAN CXWITAL zcm: lli'ITA BASE 

'Ibis section identifies and describes the various attril:utes of the key 
carponents of the Great Lakes ecosystem stored in the canadian coastal zone 
data base. 'lhe outline of the canaclian Great Lakes shoreline has been taken 
fran 1:25000 and 1:50000 National ~c Series (NIS) maps. A total of 
255 map sheets will be digitized, which represents the entire canadian Great 
Lakes shoreline fran the westem border of Lake SUperior to Trois Rivieres on 
the st. Iawrenoe River. 

For each lake, a l'llJl'li:ler of littoral drift cells are identified based on the 
Q!NR Littoral cell Definition report (Ontario Ministry of Natural Resa.lrces, 
1988a). For each littoral cell, a sediJ1lent sooroe, transport and sink zone 
can be identified. 'lhe shoreline has been further divided into "reaches" as 
initially defined by the Great lakes Erosion Monitorirq Pl.031aiu (Boyd, 1981) . 
'lhe GIS facilitates the analysis of measures and fluctuatirq water levels at a 
rnmt,er of scales: the lake; littoral cell; and the reach. For the canadian 
portion of the shoreline, there are awroximately 1100 reaches. Shore type, 
i;nysi~ and orientation to waves are used to delineate the reach 
boundaries alCll;Jshore. 'lhe rationale for delineatirq reaches acx:oidirq to 
shore types is that the effects of fluctuatirq water levels vary with 
diffeient shore types. 'lhe lan:iward reach boundary is defined by the 1:100 
year flocxl. or erosion line (whichever is farthest lan:iward) , ci:ltained and 
upgraded fran the Great lakes Flocxl. and Erosion Prone Area Maps (Environment 
canada and Ontario Ministry of Natural Resources, 1978). 'lhis boundary serves 
to identify the coastal zone terrestrial resoorces which are potentially at 
risk fran erosion or flocxl.irq. An acklitional 200 metre lan:iward buffer is 
added for future ''what if'' scenarios. 'lhe offshore reach boundary is defined 
by the 5 metre depth CXll'ltcur (calculate:i fran hydrograpric charts) , which was 
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acx,epted as the general laksward extent of lm;ishore se·U-nt transport and 
limitin;J depth of light penetzatim arxl therefore fish rearin;J habitat. Figure 
B-5-4 provides a diagranlnatic zepz s Jtatim of saie zead'l delineations. 'llle 
GIS will shew these areas in a sinplistic image as daoonstzated in Figure B-5-
s. 

REMJI INKIIIIM'Z(lf 

A mmtJer of attributes associated with the P1Y5ical locatim of the zead'l 
'Whidl aze also inportant for P"OC m:delin;J aze being oaipile:i arxl entezed 
into the GIS in a I.obJs fozmat. 

Reach Iccaticn am Size 

'lhe ems of the zeadl aze identifie:i by latitude arxl lagitude taken fzan the 
NI'S maps. A zead'l mmtier, lake/channel nane associatim, arxl alagshore 1~ 
aze noted. 

Reatt> Massjficaticn 

Eadl reach has a backshore/fozeshore classificatim. For exanple a readl would 
be classifie:i as sarxl dunes behind a beadl or a wetlarxl behind a barrier spit. 
1his infozmatim is obtainable fzan available air px,tos flown in 1985 arxl 
1988, cross-referenced with the coastal Zone Atlas (Karas arxl Tsiv, 1976). 

HJysiogmprl.c :rnfat:IIBtim 

For bluff readles COi(osed of consolidated materials, the average bluff 
height, reoessim rate, sarxl arxl gravel o:ttp:isitim, and erosim volume aze 
obtainable fran a variety of sources inc:ludin;J Boyd (1981), coastal Zone Atlas 
(Haras arxl Tsiv, 1976), arxl various CNN!y'Envizcnnent canada studies. In 
additim, cross profiles for 162 erosim monitorin;J stations in the lower 
Great lakes have also been cbtained fzan the Great lakes Erosion lblitorin;J 
Plo;izam (Boyd, 1981) . Sane of these profiles have been updated by CNNR arxl the 
Clcrlservatim Authorities. For bead!/dune readies, an average topogzaphical 
elevatim has been calculated. 

Reach l'etdl an:1 wave Enezgy 

For each zead'l the aspect of the major fetdl arxl the fetdl for 8 major oarpass 
dizectiC11'1S has been detemined fran NI'S maps. Usin;J hinicastin;J infozmatim 
obtained fran the CNNR Wave Climate Database (Qltario Ministzy of Natural 
:Aesouroes, 1988b) , attenpts aze being made to calculate the wave enezgy of the 
major fetdl and of the 8 major oarpass directiC11'1S. 
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F.ach reac:n is assigned a profile class. Fran NWRI nearshore am cruise 
infoDDaticn, 800 point meaSUJ.ansnts are bell'J3' used to calculate am CXll'ltaJr 
the percent 0+11ositicn of gravel, sand, silt am clay in the surface 
sul:lstnlte, USU'J3' a GIS. Fran hydrograplic charts, the 2 am 5 metre offshore 
ccntmr are also bell'J3' m=q:prl 

sedi'PB'lt Vol.-...e 

Usll'J3' existin;J infoDDaticn am predictive equations, the sediment volume into 
am cut of the reach is bell'J3' cal.culate:l, as 1oiel.l as the prcp:,rtion of 
sediment llDll'll'J3' a,/offshore. Fran previa.is studies am sane limite:l mcdelll'J3', 
an attenpt is bell'J3' made to obtain lcn;ishore sediment-. transport rates for 
littoral cells based en reac:n dlaracteristics. 

ReadliandUse 

land use coverage frail 1:8000 scale air photograplS flown in 1985 am 1988 is 
bell'J3' m=q:prl up to 1.6 kilaoetres inlam onto the NI'S tqx,grar.hlc maps. Table 
B-5-2 lists the 13 lam use classes used in this stlliy. Figure B-5-6 is an 
exanple of lam use coverage for a m1p:,site of five 1:25000 map sheets for 
the lag ~int area, Lake Erie. 

TABlE B-5-2: CIASSES OF lAND USE COVERAGE 

ClASS FOR EXAMPLE: 
Agricultural Field Ctqis ...•.•...•. com, wheat, beans, grain 
Agricultural Specialty Ctqls ..•.... td:la=, orchards, vineyards 
Residential ........................ all household dwllirgs 
Ccmnercial am Institutional ....... J::usimsses, schools, jails 
Irx:11Jstrial •....••....••....•..•.... al.Ita'rotive, hydro, l)etro-dle:rnica.1-
Transportation ~ Chmunications .. roads, canals, radio towers • 
Rec:::reatioo ..........•.............. narirlas, parks, golf CXJllrSeS, 
Extracticn ......................... pits and quarries 
water .............................. pords, streams, rivers 
Wetlards ........................... see Table 5.3 
Fbrest ...•....•••...••.•...•..•..•. ~at, 
Grasslard .......................... shrubs an:l imnature forest 
-· •••••••••••••••••••• l::ea.dles, ):,are I'C>C:k. 
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Wetlan:l info:cmation obtained fran 06 for Lake Erie an:l Lake ~io has been 
meq:.ped ~t a scale of 1:25000. Several vegetative za,es an:l categories of 
wetlan:l types (Table B-5-3) have been identified an:l associated with wetlan:l 
locatiais. 

TABLE B-5-3 WEI'lAND VEm:rATICN ZCH!S AND 'lYPES 

Wetlan:l Vegetation Zates 

-qien water/float.in; leavecl/sul:mergent 
-anergent 

s ;';ge,trneado,I 
-shrub/tree 

aead1 Prci>l.em Class Olde 

Wetlan:l Type 

-qien shoreline 
-unrestricted bay 
-shallow slq,in;J 
beadl 

-river delta 
-restricted riverine 
-lake-oonnected 

channel 
-protected 

Eadl readl is assigned a code in:licatin;J if the readl is susoeptible to 
flood:in;J am,tor erosion. 'lhe code is determined by the 1:100 year flood an:l 
erosion lines. 'lhe percent of shoreline protected by shore protection works 
for eadl readl is also bein;J catpiled an:l sumarized. 

Alpltic InfCJDlllticn 

All known data presently available on the location of fish (spawnin], juvenile 
an:l adult) habitat an:l migration rootes for 50 fish species is bein;J oaipiled 
an:l is bein;J entered into the GIS data base. 

5.3 APPLICATICN OF 'DIE GIS AND CJlilSmL ZCIIE MTA BllSE 

IE:lUU.Ptll.ti OF 'DIE CJlilSmL ZCIIE 

'Die GIS prc,ll'ides a means of generatin;J eutpl.Elhensive cross-sectoral pictures 
an:l tal:w.ar S1DJ1Mries of the ooastal zooe. 'Dlroogh the pzocess of overlayin;J 
maps, the biqnysical, hunBn activity, wetla!'DS, an:l aquatic 0:ltpOll8llts of the 
Great Lakes envinnnent can be viewed in an integrative manner to identify and 
analyze those areas susceptible to fluctuatin;J lake levels, flood:in;J and 
erosion. 'Die biq.nysical, wetla!'DS and aquatic resouroes at risk within these 
hazard areas can be displayed, sumarized and tal::ulated. 
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lK&BI IIHll'IFICATIClf AND ASSl!SSME2fi' OF 'DIE lMPJICl' OF ACl'I<Hl 

'lhe GIS has inportant awlic:ation to assms~n:1 the brpacts of measures or 
actions on the envircnnent. 'lhe key <Xiip.li,ent in this capability is the 
linked pn:c s sub-1nodels deScri.birg wetlands, aquatic, terrestrial and 
p:tw inter-relatia,ships. Fran the linkages, induced or sec:xirnaey illpacts 
will be deriVed and feedback medlanisms whidl magnify or danpen brpacts can be 
identified. Inpacts can be identified at various sc:ale0, f= exanple, a 
specific reach, littoral cell = even an entire lake. 

'lhe GIS can be used to address a n.mtler of questions, includi.nJ the followirg: 

- llli.dl actions are viewed as potentially beneficial? 
- llli.dl areas have proolE!116 that can be a:m.rolled by this k:in:i of 

action? 
- Where are they located? 
- What are the environmental illpacts of inplementirg the action? 
- Are there other actions that have leSSer oonsequenoes or give better 

protection? 
- What is the relative illpact of actions on environmental factors? 

'lhese questions cannot be answered directly by the GIS but rattler will be 
dealt with by profeSSionals in various disciplinoc. 'lhe data base acts as a 
resource base and the GIS provides cala.llated results. 'lhis infonnation will 
point to directions needin;J 11Dre detailed brpact assessment or will identify 
areas where further infonnation is required. 

RJBLIC INFCHWI'ICll 

'lhe interactive GIS 0111a1e11t can be USeful for p.lblic consultation and 
education. ~ie0 ccw.d be acoi,1,o.lated relatively quickly in both tab.llar 
and graprlc fonnats. 

'lhe possibility also exists for interpreted results of various lake-level and 
action scenarios to be disseminated ( in graprlc fom) to stakeholders or 
anyone with aOOeSS to an IEM PC/AT oatpati.ble micro-cx::up.!ter. 'lhe possible 
awlic:ations of the GIS in p.lblic relations and educ:atiOI"' arp;rar to be 
substantial. 

5.4 ~ APl'LICAT.I<Hl OF 'DIE GIS AND Dml BASE 

Recently, attsnpts have been made to USe the data base and the GIS to deScribe 
various , 1111u,e11ts of the Great lakes ecosystem, to address the potential for 
assmsirg the brpacts of fluctuatirg water levels, and tc, c:ssms possible 
remedial actions. 'lhis section cutlinoc the preliminary finclirgs of three 
awlic:ations. Althcujl awlic:ations are oot 0a1plete, preliminary results 
illustrate the potential utility of the GIS and the data base. 
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:RESIIBfl'IAL HJlillI)G; AND LllND 1lSB lH 'DIE PIDOD BIIZAm> ZCJm 

'Du:QJ;jh several overlays, it is possible to identify and visually illustrate 
the land use and residential structures located within the 1:100 flcxxi and 
erosion hazard zones. Figure B-5-7 is b c;, 11p~ite of five overlays for 'l\Jrkey 
Point, lake Erie. 'lhe overlays include the shoreline, 2 and 5 metre offshore 
ocntours, land use, location of residential J::uildirgs, and the 1:100 year 
flcxxiline. Fran the figures it is cq:psrent that 288, or 51%, of the 
residential 1::uildirgs in the> CX11111mi.ty of TUrkey Point are located within the 
flcxxi hazard zone and therefore potentially SU."OepH.ble to flcxxi damage. 'Ihe 
GIS is also capable of providing tab.llar srunnari.es of all attribltes located 
within the flcxxi hazard zone. 

'lhe m:ldel~ capabilities of the GIS enables the user to ~ the location 
of the flcxxiline. 'lhe flcxxiline can be altered by creat~ a new line or by 
sjJJply definin;J a b.lffer of a kn::M1 width fran the exist~ flcxxiline. 'Ihe 
nuni:ler of 1::uildirgs and percent land use within the b.lffer, or for the entire 
flcxxi-prone area, can then be tab.llated and shown visually. 'Ihe :i.npacts of 
fluctuat~ water levels on exist~ resooroes can also be addressed in a 
smilar manner. F\JbJre addition of prq:,erty ownership and attribltes into the 
database will greatly enhan::e the ability of the GIS to describe the :i.npacts 
of future actions on the coastal zone. 

'lhe above information is obvia.isly very useful to those interested in the 
coastal zone, sucn as shoreline managers and local planners. 'lhe images and 
tables produced could also be used to heighten p.iblic awareness of the hazard, 
not only~ those already liv~ in the area, tut also those who may be 
consider~ liv~ there in the future. 'lhis could potentially aid in reduc~ 
the element of surprise often expressed by riparian owners when lake levels 
rise to flcxxi levels. 

~ SEDlMEN1' 'mANSKRl' lH A I..1TlmAL CEIL 

Us~ the JOOdel~ capabilities of the GIS and information contained within 
the coastal zone data base, it is possible to describe varia.is coastal 
prcoesses. In this exanple, the GIS is used to describe the lon;ishore sediment 
transport pLCXJe&. for a littoral cell. '!his type of information is necessary 
to assess the :i.npacts of fluctuat~ lake levels and structural actions. 

For this ~lication, the Laq Point littoral cell on the north shore of lake 
Erie is used. 'lhe Lcn,1 Point littoral cell is , • li(osed of 31 reaches (Figure 
B-5-8) that begin east of Port Glasgoli and extend eastward to the tip of the 
Lcn,1 Point sand spit. 

An estimate of the am::iunt of lon:;ishoL'E' se:liment trcmsport for each reach is 
detennined by oc:m,inin;J the am::iunt of potential lon:;ishore trcmsport with the 
am::iunt of sec3i-nt; suwlied fran the upclrift reach and the anomt of local 
sedinent-. iiprt: (fran erosion). Fran these est:iJDates, the am::iunt of sediment 
suwlied to the Lcn:1 Point spit is est:iJDated to be ~roximately 570,000 Olbic 
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metres per year. '1his figure is close to that fourd by Rukavina and Zeman 
(1987). 

'lhe potential am:Jllllt of 1~ transport was determined for each reach, 
usi.n;J equations in the Shore Protectia1 Manual (U.S. Anlrj Corps of Ergineers, 
1984). 'lhe values cbtained fran these equatiais are not precise. However they 
do illustrate how the annmt of. potential lon;ishor.- se:Urnent transport will 
c:tiange with c:tianges in sho~ine orientatia1, shore type, and wave energy. 
'lhe annmt of sediment; SUR)lied to the littoral Zelle is estilllated, ~ into 
account t:he average height, average clJl1'llal. reoessia1 rate, lergth, and percent 
sani and gravel o ••t10Sitia1 of the reach. 

Initial calculatiais show that most of the sediJllent transported eastward fran 
Port Glasgow is deposited in the fillet beaches of Port stanley, Port Bruce 
and Port Burwell. OJnsequently, in this exanple, the annmt of sediment 
transported to the I.org Point sard spit is SUR)lied fran readles 62 to 66, 
inclusive. 'lhe calculatiais for these reaches indicate that in reach 64, the 
anomt of' sediment-. available for transport (bei.n;J a canbination of up:lrift and 
local input) exoeede:I the possible potential secllinent transport and therefore 
depositiat occurred. '1his fi..ndin;J. was verified by aerial ~ that 
showed persistent beaches in this reach. CalculatiCllS for reaches 62, 63, 65 
and 66, however, indicated that the potential sediJllent transport exceeded 
updrift and local i.rpJts, suggesti.n;J that these reaches are reoessiCllal and 
will not no:cmally have adjacent beaches. '1his again was verified by aerial 
~- OJnsequently, the I.org Point spit is suwlied by very f£M 
reaches. Actions wch adversely affect the secllinent suwly could potentially 
have large scale inpacts a1 the spit itself. Reaches 67 to 73 are located on 
the Lcn;J Point spit. 'lhe calculatiC11S suggest that reaches 67-70 are 
recessional wle reaches 71-73 experience deposition. 

lMBIICl' OF A IEIM:BED OFFSflEE lREAllWAIL ~ I£'tGHEE SEDIMENI' 'mANSKRl' 

'lhe pw:pose of this exanple is to illustrate how the GIS and the data base can 
be used to assms the inpacts of structural actions on coastal p-rooesses. 'lhe 
figures obtained in the previous ai:plication are used to identify the i.npict 
of oonstructi.n;J a detached offshore breakwall on the secllinent 51.Wly to the 
Lcn;J Point spit. 

'lhe hypothetical breakwall is located in front of the residential tuildi.n;Js on 
Lcn;J Point (Figure B-5-9) . 'lhe PJIP0Se of the structure is to prevent stonn 
and erosia, damage caused by high waves. 'lhe basic assunptions in this exanple 
are quite si:nplistic. First the structure is shore-parallel, ai:proxilllately 
6500 metres in lergth, located in ai:proxilllately 3 metres of water and 700 
metres fran shore. 'lhe volume of the nearshore Zelle laniward of the breakwall 
was detemi.ned usi.n;J the nearshore cx:ntours. 

Since the breakwall prevents the Cllshore waves fran reachi.n;J the land, the 
laJ;JShore o.irrent l.arnward of the breakwall will diminish, causi.n;J deposition 
of updrift sediment in the lee of the breakwall. If all the sediJllent suwlied 
to the reacn ocntaini.n;J the breakwall is deposited in the lee of the 
breakwal.l, it 'Wl:Ul.d take c!R)roxilllately 19 years to fill in (assuming no 
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dredging or loss of sedinent lan:lward). In reality, the updrift portion would 
fill in first, t:heri sedillPnt would be deflected in front of and alarg the 
breakwall. still, deposition of largshore sedillPnt in the lee of the breakwall 
for even just a,e year would be of sufficient magnitude to in::rease the 
erosion rate drastically on the downdrift reaches. 

'1he lag R>int spit dcMJ'mift of the hypothetical breakwall location is 
,:01psed of sani beaches and low dunes. o:»,sequently, large increases in the 
dcwndrift readl erosion rates would soon lead to overwash and breac:hin; of the 
spit. 'Ibis would cause sedinent; to be re::lirected into lag R>int Bay, reducin;J 
the i1IID.ll1t of lagshore sedillPnt suwlied to the adjacent downdrift readl(es). 
As a result, there would be an in::rease in the erosion rate of the adjacent 
dcwndrift readl( es) • 

5.5SlMmRlr 

A major attril::ute of the Reference study is the adcption of a strong spatial 
perspective. 'lhis perspective is inportant to describin;J effectively the 
env.il.amsnt of the Great Lakes - st. I.awrence River system, un:ierst:an:ti. 110re 
fully how terrestrial, 'Wetland and aquatic envizctn1e11ts function, and 
essess;ng adequately the ilq:,acts of fluctuatin;J water levels and flows and of 
neasures that might be taken in response to these fluctuations. 

o canadian and United states Geograplic Infonnation Systems (GISs) have 
been develqied to capture, display, and allow analysis of spatially
defined data to identify and solve prd:>lems. 

o Infonnation captured in the GISs includes land use and i;tiysical and 
biological attril::utes of terrestrial, wetland and aquatic 
environnents; infonnation on both features and processes is 
included. 

o '1he GIS effectively and efficiently i.ntEgrates infonnation on the natural 
and human caip:,nents of the Great Lakes - st. Lawrence River system; 
its analytical capability facilitates a holistic evaluation of the 
consecpenoes of natural processes and human actions; and its 
interactive and visual display capabilities makes it useful as a 
means of camunicatin;J with, and involvin;J, the p.iblic. 
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lRl'l'.RWl':Iaf NIBE AND :i.t.b!iwf N1'SRNDI 

6.1 ~ 

A l'J.llli:>er of infcmnatial gaps DI.I.St be ~ to identify and un:lerstan:i all 
of the .i.npacts of fluctuatirg water levels and prqiosed measures al 
tauesLtlal, wetlan:i and acpatic envinnnents of the Great lakes - st. 
lawren:le River system. Sane of the infcmnatial gaps relate specifically to 
sint:>ly bein1 able to describe and spatially define the "current situatial" of 
this system and its vario.is environmental o:mp.:.eirt:s. other infcmnatial needs 
relate to understardiJ'g the salient pro, 'SSSM, incJ.u:lirq fluctuatirg water 
levels and flows, al the vario.is terrestrial, wetland and aquatic 
environmental c • 111-xei,ts. Sane of these informatial gaps, in turn, limit Qlr 

ability to assoos +-he environmental int:>acts of prqiosed structural and 
naistructural measures. Sane of the informatial needs are presently bein;J 
addressed by vario.is terrestrial, wetland and aquatic studies already in 
pi:eyzes.., however, the results of these studies are not available for 
inclusial in this Annex. 

Many of the informatial gaps identified thrcugh the cx:iurse of Rlase 1 were not 
addressed as Rlase 1 activities. Consequently, Functialal Groop 2 is 
~ a number of "interim" and Rlase 2 projects that will address sane 
of these gaps. 'Ihe followin;J prq>osals are preliminary and further prqnsals 
are expected. 

6.2 ~C lNRRV\TIQl SmD!H, (GIS) .AND~ DATA BASES 

'lhe GISs are bein;J used as tools to integrate the enviroranental attrib.ztes 
used to describe the entire Great lakes terrestrial, wetland and aquatic 
environments. 'Ihe shoreline data bases will not be CC11plete for the entire 
Great lakes and oonnectin;J dlannels by the en:l of Rlase 1. In additial, 
informatial al a number of environmental attrib.ztes does not exist, nor has it 
been CCl!piled fran existin;J reports. A large amoont of the informatial needed 
to CCl!plete the data bases is described in the followin;J prqnsals. 'lhe 
p.n:pose of the followin;J sec:tial, however, is to outline projects that will 
obtain informatic:n :neeaed to assess the int:>acts of fluctuatin;J water levels 
and prqiosed measures. 

PL Salltly, the canadian shoreline in the data base is taken fran 1:25000 and 
1:50000 NI'S map sheets that were CC11piled CNer a number of years. 
Consequently, the shoreline depicts a number of water levels. To assoos the 
int:>acts of fluctuatirg water levels al the coastal Zale, ale or more 
sh!>relines ci:lt:ained fran the same "elate" informatial nust be used. A pi:, siOSed 
canadian project is to use aerial ~ taken in the same year for the 
entire Canadian Great I.akes shoreline. 1his will provide a ''base" shoreline 
fran which water-level fluctuatia1S can t,,, ;:ssessed. 'lhe American Great lakes 
''base" shoreline is bein1 taken fran ale set of aerial ~ flown in 
1988. 
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NPR p,,; aND W .Df.ltX1RS 

To identify ant1 e:sscw the iDpact:s of c:tian;Jes to ooastal p11 ccsses (and 
therefore the coastal zaie) caused by fluctuatia,s in water levels requires 
detailed oart:oor informatiat for both Cl'IShore and nearshore areas to be 
entered into the data bases. A pr, S.sed canadian project is to obtain 
detailed c:xntairs fran the aigoirg canada-ontario Floocl C'l1mege Reductiat 
IIBR)i.n;J and nearshore c:xntairs fran maps oaipiled by the canadian Hyl:lrograplic 
Seivioe. .American scurcrs of a1Fh:,1e cart:oor informatiat include the atg0irg 
IIBR)i.n;J by the Federal Emergency Managanrnt >gercy (FIMA) and nearshore 
infOZDBtiat ftan the pr, p:..s,,cl Great lakes Shoreline JfaR)irg Plan under the 
supervisiat of the Natiatal. Oceanic and At:mcspleric Administratiat (NOM) and 
the United States Geological SUrvey (USGS) under Pl.lblic law 100-220. 

111'.VE REfRllCl'ICII 

'1h essmc the inpacts of wavm at the terrestrial, ~and, and aquatic 
envizaneub. in the coastal zaie, a !lUlliJer of wave refractiat projects DllSt be 
undertaken for areas potentially suc:c:,e,pt-ible to serious floodirg and erosion. 

SREELlNE smATIGRA1BlC 

To umerstand the inpacts of fluctuatirg water levels at shoreline 
envh:am .. nts, a detailed descriptiat of the Great lakes shoreline 
stratigraphy is required. In additiat, to determine laJ;J-tenn erosion rates 
(to ecsms both the sensitivity of shoreline areas to fluctuatirg water levels 
and the inpacts of pt• p:,e.,J actiata) , a knowledge of the inland stratigrai:tiy 
is neccssaxy. A ptqX)Sed canadian project is to obtain -well and gas recx>rds 
for the canadian shoreline which include detailed bore stratigraphy. 'lhis 
info:anatiat can be spatially located usirg digital tcpograplic maps (already 
obtained) • A preliminaty report at information scurcrs and areas where 
bedrock is near the OlI'reJlt water level has recently been carpleted (Karrc:M, 
1989). 

Peorssiat rates for Great lakes environments have to be verified and sane re
examined to determine the illpacts of prqx:,sed measures and water-level 
scenarios. 'lhis shcw.d be acldressrd usirg available aerial ~ and 
informatiat already ccmpiled; however, sane groun:l tnithirg will be required. 
l'G2 re:, 1111..rns a CXll'ltract to ccmpile the info:anatiat and enter it into the GIS 
data base. 

6.3 IElllN[S 

At the en1 of Blase 1, the spatial locatiat and extent of ~ams has been 
cc:mpiled for lake st. Clair, the st. Clair and Detroit Rivers, the Niagara 
River and the st. Iawrenoe River (tr- Quebec), lake Ontario, and lake Erie. 
'Dlere is a med to ccmplete the uwer lakes OJastal Wetlams Inventocy, 
amalgamate the st. Iawrenoe River Wetland Info:anatiat, and enter it into the 
GIS data base. 
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'Dlere is a need to identify significant wetlams -i.tiere hpacts shcw.d be 
evaluated. 'lhis could be dale by amalgamating the present GIS inventory 
with existing Cl'ltario Ministry of Natural ResaJroes wetlam evaluations. 

Jldiitional investigations to ad.h: the .iJipacts am relatiaiships bett.een 
historical water-level fluctuations am wetlam vegetatioo in specific 
locations are lei· MIMIE!ried by F\mctional Group 2. 

To further air understanding of the hpacts of water-level fluctuations an 
wetlam vegetatia, cxmramities, there is a need far detailed .bottan ccntooring 
of site specific areas. 'lhis will permit a better understanding of both past 
am pr s : ut wetlam locations am vegetatiai cxmramities am allow prediction 
of future soenarios. 

'Dlere is a need to explore further the interrelationships beb.ieen wetlams, 
fish am wildlife, am water-level fluctuations. 'lhis basic infonnatioo is 
needed 't)efore the assessment of any measures can take place. 

6.4 SIDmC.DIE~ 

Many F\mctional Group 2 activities have fam:i suwart for the adcptioo of non
structural measures, specifically shoreline management. 'lhe FG2 Shoreline 
Managenent W:>rkshop held in Chicago (International Joint 0:mni.ssioo Fwlctional 
Group 2, 1989b) however, showed that there are many different interpretations 
of what "shoreline management" means am involves. Consequently, a J'll.DltJer of 
prqxisals are recxmnencled to clarify arrl cssess the inpict of shoreline 
management as a gov1:1.1me11t action in aa:lressing the water-level issue. 

ASSESSMENl' OF IOf--S'lKJC'ruR se:::m:L1NE MIINllGEMENl' MFASllRl!S 

To define the inpicts of shoreline management, FG2 reccamnems an assessment of 
current ncn-struct:ura1 shoreline management measures currently awlied in the 
United states am, to a limited degree, in canada. 

'lhe assessment shcw.d focus oo three key areas. First, a mmlU'I teminology 
far what shoreline management is am what it entails nust be develq>ed am 
adq,ted by the participating govemnent agencies. Seooni, there is a need to 
identify anc1 c:ssess the varia.JS non-struc:tural measures currently awlied 
(e.g. their awlicability to varia.JS shore types, the benefits to be realized, 
etc.) . 'lhird, all institutional barriers to inplenentatioo of non-struc:tural 
shoreline management measures nust be identified am their inpicts detennined. 

FG2 nu:awetlds that the three key areas of analysis shcw.d be addressed 
thrrugh a series of small, iscu spacific workshcps held in varia.JS 
upzes utdtive locations thrcughcut the Great lakes - St. Iawrence basin. '1he 
workshcps shcw.d involve experts fran the respective federal, provincial, 
state am local govemnents as well as i"Cadernir. am private organizatians. 
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se:m:r.nm JWll!Gl!H!H1' PRlJB::lS 

For sane areas in the Great lakes, there is a need to develcp and, in tw:n, 
&SSMC ocnceptual shoreline management scenarios and plans. FG2, through its 
c:n;ioin; activities, has identified sane of the m:,st crucial areas and 
therefore re 11111e1vm that the following be tazgeted in the interim and in 
Blasen. 

1) ~ l'lel.ee, lake Erie, Cntario 
A sand spit envizumant threatened by a DCSai.c of human activities. 

2) 8taley 0:eek, IaJce Cntario, Cntario 
A large secticn of the littoral cell arm::m:ed by shore protecticn 
works. 

3) saithem Sectim of Saginaw Bay, lake NictJic;pm, JlictJigan 
An extensive 'Wetland area threatened by human occupation and 
en::::road!ment. 

4) lake st. Cl.air, Cntario and Michigan 
Extensive 'Wetland areas backed by shore protection. A unique site due to 
the short fetdles and ice ccn:litions. 

5) Wetland areas in lake Cntario and lake ~ 
Assas:nne?"': of lake regulation on 'Wetland OC11111JJUties. 

EOimrrAI, DllMl!GE SlJRYEY 

An assessment of the potential for flocd and erosicn damages to structures and 
prcperty is an inportant caiponcnt in the evaluaticn of .illpacts of measures. 
FG2 has identified a nunbcr of =itical locations for damage assassmcnts. 

6.5 .Q]M'IC JmBl'DIT 

A rami:>cr of project. pt• p.,sal!i are reocmnsmed to identify spawnin;J, juvenile 
and adult habitat, and to essms the .illpacts of fluctuatin; water levels and 
pre p.eed actions en fish habitat. 

P.recise definiticn of the effects of water-level dlarges on fish habitat 
cannot be made without cx:mpJtaticn of the area of each habitat type lost or 
gained un::ler variaJS water-level regimes. '!he gecgrapiic infcmnation system 
shall.d be awlied to specific locations in the Great lakes where sufficient 
data exist to make this kind of determinaticn. Ellplasis shall.d be given to 
historically inportant spawnin; shoals. SUbstrate, depth infomation and the 
GIS can also be used to spatially define all potential fish habitat areas. 
'lhese amm:oents would be c.tJecked by field crews. 

A GIS is emential to data base consolidaticn, ""JCOCSSf.ul cause and effect 
mcdel.in;, and develcpin; a fuller umerstandin; of the pt0C'CSsm cperatin; at 
the pcp.llaticn and cxmnmity levels in the Great lakes and their CUlf ..... --tin; 
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channels, as influenced by water-level fluctuatiais. 

'lhe effects of sustaine:i high or low water levels en dissolved oxygen cx:ntent 
and volume of the bottan (hypolilllletic) waters of the oentxal basin of Lake 
Erie requiies investigatia, pertinent to suitability of this habitat as an 
aver-sumner sarx:tuary for coldwater fishes. 

'lhe effects of wave actiCll a, offshore spawning reefs, as influenced by water 
levels, rEqlirs examinaticn. 'lhe iDp>rtance of cleansin;J acticn in enhancin;J 
habitat q.iality of these reefs has been suggested, tut ~tative evidence 
of sudl an effect is lacking. 

Fish species nest affected by water-level fluctuatia,s are those that require 
shallow, protected areas for spawning and/or rursery habitat. '1hese areas 
include a>astal. wetl.ams, tribltaxy streams and qe habitat alag the 
oonnec:tin;J dlannels and nearshore areas of the Great Lakes prqier. 
Olaracteristics deteJ:tninin;J habitat q.iality of these areas require 
investigation. 

Detritus •q:pe•rt""' to be a critical link in the food web of the cx:,nnectin;J 
dlannels eocsystem. H:>re eqrasis needs to be given to research en energy 
flow and food web interactia,s in the oonnec:tin;J channels, with eq:nasis on 
detritus as influenced by water-level fluctuations. 

Continued develc.ptSrt: of the ecosystan objective or indicator species concept 
(e.g., Hexagenia as an indicator of clean water and se:ilinent) is neened to 
r:ssms water q.iality and habitat status in the Great Lakes and their 
cau.ect:in;J dlannels. 

Jlenedial action plans for the Areas of 0:lloem inclme objectives for habitat 
restoration and rehabilitation. Habitat evaluations relative to the influence 
of water-level fluctuatiais in these areas are required. In partiOll.ar, 
degraded areas that are slated for restoration shculd receive attention. 
M:>l.eover, aodificaticn of existin;J En1ineerin;J structures (e.g., breakwaters, 
piers, jetties, water intakes, and walls of CXll'lfined disposal facilities) or 
CXl'lStl:uction of new ones shculd be evaluated for their ability to proll'ide 
incidental habitat for fish and fish food oi:ganisns. 

Fish migration rootes shculd b> ID1q:pE'd fran existin;J information. 

All digitized fisheries data OCllpiled for the GIS durin;J Riase I shculd be 
cr.itical Jy reviewed, and fisheries maps should be distrituted to fisheries 
agencies for review. 

O:nlitia,s suitable for fish habitat vary spatially and tenporally in response 
to natural and human stresses. 'lhe GIS shculd be develq>ed further to 
facilitate the identification of critical habitat and specifically where the 
adverN .iDpact of measures can or carioot be mitigated. 
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7 .1 INIKDJCl'I(lf 

SFX:TIClf 7 

F.IJllllH;B AND c:x:K::llEI<KS 

'Ihe Great lakes ecosystem is a oarplex, interrelated and interdeperrlent set of 
environments that have been evol virg since the departure of the Ice A1Je 
glaciers sane 10,000 years ago. '!his ecosystem includes anirnals and plants, 
the land and water, and the various i;tiysical and biological processes that tie 
them together. It is essential to u,..Dgnize that humans are also an integral 
part of this system. 'Ihe effects they create, and the manner in which 
"nature" affects them, cannot be separated fran the remain:ler of the system. 

Fl'.i2, in its activities durirg the last 18 months of the Water levels Reference 
study, as well as through the trainirg and el4)erienoe of its diverse 
membership, has arrived at certain firx:lings and conclusions regardirg the 
Great lakes ecosystem, the role of fluctuatirg water levels in it, and ways in 
which people can best fit into that system. In many cases, these corx::lusions 
are based on well-documented scientific research, sane of it carried out 
within the context of the current study. In other cases, conclusions are 
based on a synthesis of professional judgment and el4)erienoe in the natural 
and i;tiysical scierx::es, resource management, and environmental protection. 
Sane conclusions call into question assunptions strongly adhered to by others, 
and many suggest areas where corx::entrated effort in Riase II of the study 
1'1CUld greatly enhance our current understanding of Great lakes water-level 
:iirpacts and facilitate the assessment of potential government actions. 

'Ihe specific findings and conclusions that follow are in no particular order. 
'Iheir relative significance may vary over tillle, as well as between the 
different orientations and backgroun::ls of those who review, accept, or 
question them. 

7 .2 FIND~ AND CDICllllIClfS OF FllNCI'IOIAL GIUJP 2 

1. water-level fluctuatic:ris are an :ir.t:"fPJ!l 011--n=11t ->f the Great Lakes 
ecosystem. 'Ihe present environment, including hlman activity, has been shaped 
to varyirg Jegi es by the seasonal and lon;Jer-tenn water-level changes. 
Rather than viewirg these fluctuations as siltply an external foroe actirg on 
the Great lakes ecosystem, we need to iecognize their stature as an :inportant 
oarponent of the system, as well as the linkages between water-level changes 
and the rest of the system. 

2. Variatims of levels over time "IV fiP'!9"' tiave been a drivim foroe in the 
creaticn. Ml'I"@t-icn. and evoluticn of both life ani landfOLll6. FLan the 
staoopoint of the natural environment, the oonsequenoes of water-level 
fluctuations are primarily beneficial, especially over tillle. Sane elements of 
the Great lakes' shores are nationally and internationally xecognized as 
manifestations of certain eco-types that have been maintained by the historic 
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fluctuations of the Lakes. Fluctuations are inportant to terrestrial and 
aquatic habitats, but wetlands are especially depen:ient on both seasonal and 
long-term water-level dlarges to maintain their productivity, diversity, and 
resilience. 'While extremely high or low levels can have sate adverse short
teon effects on wetlands, even these corditions are needed over the longer 
term to perio:tically renew the plant and aniJnal CXlllllUJl'U.ties within them. 

3 - 9?1!$] wet;J ,yrl,;; are a cri t5 ca] element of the "'9'!fil'§tem "nd a significant 
I'f"fif"l'.'Q8. 'Ibey serve as inportant habitat for fish, waterfowl, and other 
wildlife, providing a major source of food and energy to adjacent land and 
water areas. Wetlands buffer the effects of land-based activity on water 
quality and, in tum, can help protect the shore fran erosion and recession. 
'!hey also directly and indirectly support numerous consunptive and 
ncnconsunptive human uses. 

4. 1ldversb Wtit!J'lPl'ICeS of water-level fiucblatig,s have often resulted fran a 
JocJr of hnm'Yl '!Qi!Ptatir-n to thejr rame. When levels are low, developnent 
pressures along the shore have been observed to escalate. Further, while 
structures are usually designed to meet historically experienced corrlitions, 
evidence n:M exists of greater variation over the lorg term. In fact, the 
recent (1985-86) high water pericxl and current predictions of the consequences 
of the "greenhouse effect" Emp1aSize that the historical rarge could be 
exceeded on either the high or low errl. 

5. Any ett-:!t to m::dify the historic water--l,evel n;gjrne will cause 
env:lu--1eyJ dlame. Although we can predict with sate confidence that a 
significant cc:npression of the rarge of levels will have substantial adverse 
environmental effects, in oost other scenarios the impacts will be m:>re 
difficult to predict, may take years to beoane evident, and may not be 
reversible once detected. A large share of the adverse effects of lake levels 
on human activity are the result of storms i.ru.c:h, wile becaning easier to 
predict, are clearly beyon:i human control. 

6. water-level fluctuatioos have little influence aver the lap-term rate of 
:m icri for many shore t'/Pe§- 'lhe shores of the Great Lakes are geologically 
very young and still undergoirg substantial dlarge. A dynamic equilibrium 
exists between the land and water. water-level increases (especially those 
due to storms) will temporarily increase the rate of erosion, just as water
level decreases will temporarily reduce it. However, due to the dominant 
influence of waves, the shore and nearshore profiles will re-adjust over ti.ire 
and equilibrium will be restored. In fact, the m:,st active erosion areas may 
adjust the fastest to water-level charge, with recession rates quickly (in 
relative terms) returni.rg to the long-term average. 

7. Given the low likelVPil "f •tnJJ regulaticri• of the Lakes. naesb;vr:t!n;al 
:reasrr:ies am an fflt?99iaJJy a1e•t•1•riat.e wns to cd:h s the adverse 
Wffl'.!lPI• re of f!'Y'tletim water levels ai !Jpman ;ptivity aver the lap term. 
Non-stnictural measures adapt human activity to the variability of the system. 
SUch measures are usually less costly and m:,re adaptable to c:hargirg 
circunstances than their structural counterparts. Structural ai;proaches (lake 
regulation, shore protection) are atten'pts by people to control processes 
that, over ti.ire and space, are beyon:i our ability to shape substantially. 
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stnictural. measures also have effects, often adverse, on the i:oysical an:1 
biological oooponents, includllg btportant processes, that define the Great 
lakes ecosystem. "Control" of fluctuations shifts chan;Je elsewhere within the 
system (e.g. inc:reasin;J the variability of flow in the connectin;J channels). 
Reduoed variation in lake levels will not substantially affect long-term 
recession rates in many shore areas, nor will it eliminate flooding due to 
storms or the need to periodically dredge navigation channels. Many 
structural measures require a substantial i.rnr...sbterd., which ewer time may fin:i 
itself, as well as the develcpnent it was designed to protect, in harm's way. 
'lhe "false sense of security'' that has plagued many flood control projects may 
lead to greater encroachment into the hazard area an:1 ultimately, in the 
absence of sane action to increase the level of protection even further, to 
greater damages than those that occurred before the project was built. 

s. In spite of their ""',, mi.z.ed adval'd:iY'ffl can:1 bein;r m. 1111e'1al rumeraJS 
tiDffi in mfi!:. q:JYE4111&it Tf!?Qrts\, 1a.-sb:uctma1 measm,; J!P!in diffia.ll.t to 
prt; into practice an:1. with sane notable e?'P'J"tit:11S. ]acl< ._..,,.. ►tead p1blic 
'!Q?"Ptlyp;>. 'lhis may be the result of a number of social, economic, an:1 
political corxlitions. It seems to be "human nature" to resist limits on our 
activities. We prefer to act in ways that increase our vulnerability to 
natural i:nenanena, rather than change our behaviour to be cx>nsistent with the 
piysical an:1 biological prooesses aroun:i us. l>hile recamnending non
structural measures, goverrnnents have not abandoned the ex>nsideration of 
increased lake-level regulation as a viable awroach. As long as this option 
remains (or at least lllltil the limits of acceptable lake-level regulation are 
clearly identified) , many who live on the shore or use the lakes will perceive 
non-structural measures as wrdensane on them an:1 will resist their adoption 
or effective inplenentation. 'lhe constraints on greater acx,eptance an:1 use of 
non-structural measures need to be better un:ierstood. 

9. 'lbe emrircnnental. {and soc:.io-,,.;annic) i;npl ications of wat:erdevel 
fluctuations. and of :measurei. pp•• ased tt, add:t them. are best wmrstood in 
a ,;;retW rxritext, 'lhe ecosystem, as well as tru. o:.,position an:1 views of the 
"interests", vary fran one part of the Great lakes - St. lawrenoe basin to 
another. 'lhe magnitude an:1 oc.t1plexity of the system cannot be awreciated 
without a oc.t1prehension of its geograi:ny. Many consequences of water-level 
fluctuations an:1 inpacts of measures have localized elements that differ fran 
lake to lake or even fran one shoreline reach to another. Within this spatial 
context, 1o1e need sufficient basic information to disclose the 
inter=nnectedness of the biq:hysical rrooesses an::l other ecosystem 
OClllpOnents. Without an inprcwed un:ierstandin;J, our assessments of inpacts 
will remain largely anecrlotal rather than systematic. In other words, 1o1e will 
continue to have to extrapolate a relatively few "knowns" ewer broad areas at 
no snall risk of bein;J substantially wrong. Detailed, site-specific data 
throughout: the basin, on the other harxl, is neither possible now nor likely to 
beoane available in the foJ:.1eseea':>l~ future. However, 1o1e nust .i.nprcwe our 
un:1erstanding of many environment.ally sensitive an:1 flood an:J. erosion 
susceptible areas so, regardless of whether aocurate quantification throughout 
the system ever beo:tues a possibility, we can at least predict the direction 
and potential significance of inpacts. 

B-167 



10. 'DIE' -mint;gn;y,ge Qf envL.am:,uldl i.J,h,grjty is an essential element of 
sustainim ari ooeqiate stamani of liyim Oller the lag tenn. Maintainir:g, 
enhanc:irg and restorirg envirornnental. integrity is not just an "environmental" 
=iterion useful to the evaluation of measures respon:1irg to fluctuatirg water 
levels. '!be sustainability of =itical biological and Jilysical processes is 
key to our sense of well-beirg and, ultimately, to our very sw:vival. An 
ecx,system that is highly productive, denonstrates substantial diversity, 
retains its resiliency to recover fran adverse in'lpacts of human activity and 
natural events, and is not subjected to excessive contamination or to the 
introduction of potentially hannful exotic species, can continue to serve us 
well into the future as a life-support system. We are :in:ieed a part of the 
natural systems of this planet, and i.e cannot escape the individual and 
CU11W.ative oonsequenoes of our actions that inpin}e on the ecx,system of the 
Great lakes. 

'Ibis view argues for evaluatirg any measure against a mininum threshold of 
aooeptability for environmental integrity, and pemaps a similar approadl for 
the other =iteria as well. It is difficult to =noeive of any measure beirg 
foun:i aooeptable if it scores poorly on any =iterion. Above a certain 
threshold level, trade-offs between =iteria may be acceptable. 

7. 3 :mEL1MINllRY REXIHEIDAT.[CIIS 

1. In the use of "core =iteria", such as econanic sustainability and social 
desirability to evaluate prq,osed measures, there needs to be an established 
mininum of aooeptability of all measures against the core =iteria before 
measures are subject to further evaluation. 'lhis includes decisions on 
"weightirg" of =iteria or "trade-offs" between =iteria. A measure that, for 
exanple, has a poor score on maintenance of enviroronental integrity should, in 
our judgment, receive no further consideration regardless of h= i.ell it might 
score on one or m:ire of the other core =iteria. 

2. Go\Terronents nrust act to reduce or eliminate confusion over the relationship 
between fluctuatirg lake levels and various related Jilysical and biological 
processes. In particular, there needs to be a clearer :recognition outside of 
the scientific ClCll1llll.Ull.ty of the relative independence of long-tenn shoreline 
recession in many areas of the Great lakes fran water-level chan;res. '1here 
also needs to be a recognition that the existirg enviroronent of the lakes, 
whidl many people find especially appealirg and upon whidl many people depen:i 
for a livirg or for their quality of life, has been shaped by and continues to 
respa1rl to the variation in water levels. 

J. 'lb the extent that the relationship between lake levels and environmental 
processes is urucna,m or insufficiently understood, goverronents need to devote 
tllllE! and resources to inprovirg the knc:Mledge base upon whidl decisions 
:regarding prq,osed measures might be made. Shore erosion, i.etland 
rejuvenation, and the c:reation and alteration of nearshore depositional 
features are all processes that nust be understood m:ire fully by the public 
and by many decision-illakers. Efforts in Riase II nust focus on increasirg 
awareness of these =itical areas, particularly on a site specific basis. 
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4. 'Ihere llllSt be a clearer un:ierstan:lin; of the limitations, incl~ 
potentially substantial adverse enviroranental effects, of structural measures, 
whether f= increased regulation of lake levels = f= increased ai:m:>rin;J of 
the shoreline. In addition, a more effective ~roadl to the use of non
structural measures nee::ls to be taken. Governments have already been advised 
several tiJlles that shoreline management is an essential part of any effort to 
deal with the adverse oonsequences of water-level fluctuations on human 
activity. Without a clearer urxlerstanding of the constraints that continue to 
inhibit the use of these measures an:l a ccmnitment to begin to overoane them, 
further reocmnendations to consider their use will sa.md hollow. Because 
large-scale (or "full") regulation of the takes is not deemed likely to cxx::ur, 
the time is awropriate to shift the focus fran control to adaptation. 

s. Analyses of the btpacts of measures need to be clone in a spatial context 
an:l with a data base that permits the analysis to pi:ooee.l without questionable 
assunptions. 'lhe GISs bein;J develc:ped by FG2 are an ~rq>riate tool for use 
in more detailed evaluation of measures in Riase II, an:l the develcpnent an:l 
refinemerit of these systems should continue. 

6. 'lhis Reference study should advocate taking a long-term view in 
determinin;J the consequences of water-level fluctuations, the relationship 
between human activity an:l the processes at -work in the takes an:l along their 
shores, an:l the ultimate dependence of large rn.mtiers of people on the 
continued functionin;J of that system over time. It is not prudent to take 
actions that aooept long-term prcblems as a trade-off for ~t short-term 
gain. Instead, society should be encouraged to seek solutions to prcblems 
that do not create a serious risk of haJ:Inful enviromnental an:l social 
consequences in the future. 
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APffHlIX s-1: GlalSM« or 'D!H6 

.llcc::l:etiat: 'Die natural or artificial volumetric additial of shoreland 
neterial. Natural aoc:retial is the lluild-up of land, solely by the act.ial of 
the forces of nature, al a beach by depositial of se:lillP!lt by water. 
Artificial accretial is a silnilar lluild-up of land by human actions, such as 
the aoc:retial formed by a groin, breakwater, or .beach fill deposited by 
mechanical means. 

JleoJ ian: Created or shaped by wind. 

Anadrca:us: A fish species which, after living lll0St of its life cycle in ale 

of the Great lakes, travels up a tril:utazy stJ:eam to spawn. 

~• S[Et -~ Flowering plant • 

.AnthJ:qJogenic: Of human origin. 

Aveu,ge water l.ellel: See Monthly Mean Level 

BM Nx.u:e. ~ shore zaie beyon::l the reach of ordinary waves and tides; One 
or mre nearly horizcntal surfaces called bezms formed landward fran the beach 
crest. 

B1K::kslrpe: '1he landward border of a wetland or other shoreline feature; 
refers to a gradual (gentle) or steep slope of the land. 

Bani.er bead!.: Refers to a single elan;iate sand ridge rising slightly above 
the waterline and extermIY,1 generally parallel with the ooast, bJt: separated 
fran it by a small bay, or body of water. 'lbe beach absoms the energy of 
waves breaking al the shore, thus protecting low-lying areas. 

Basin (Gmat: lakes - st. lawraDe River) : 'lbe surface area oontribJt:ing runoff 
to all of the Great lakes and the st. I.awren:le River downstream to Trois 
Rivieres, Qnel:lflCo 

Basin: '1he roumed depl:essial of a lake bed. 

Bathymeb:y: '1he neas.Aament of depths of water in oceans, seas and lakes; 
also infcmnatial derived fran such neas.Aanents. 

lleac:h: '1he Zale of unoa.solidated material that exten::ls landward fran the 
average aJ'll'llal. low water level to either the place where there is marked 
c:han;Je in neterial or i;:hysiogrcipuc fonn, the line of permanent vagatatial, or 
the high -water ltllll"k. 

Beneficl.al. Q.aiBJ!PfVlP: F0sitive inplicatial of fluctuating water levels for 
scx:ial, ecx:aianic, env:ironnental or political investments. 

Bioaonn1Jat-~ ar Bicmagnify: An increasing ocncentratial of a substance in 
ozganisms at .l,fl.O,jt ssi•rely higher levels in a food chain. 

B-Al-1 



Bio~ ~ies• Organisms that can be nr:nitore:i to detect 
c.han3es in enviraimental conditions, sudl as water q.iality. 

Bluff: A steep bank or cliff of variable heights, c • 1111068d of glacial tills 
and laCI.IStrine deposits coosistin;J of clay, silt, gravel and boulders. 

B:lg: A wetland with spongy grcund, often a filled-in lake , , 111CJSed primarily 
of dead plant tissues (peat), princiPally nc::eses. 

Breakwater: An offshore barrier to break the force of waves, which affords 
shelter to shore structures. 

Clillate: 'Die sum total of meteorological J;ilenaDena aver a period of time 
which CXllbine to characterize the average and extreme oonditial of the 
abllosplere at any place al the earth's surface. 

CJ.osed-state 'llletl.ams: A ~and characterize::l by very dense growth of 
BDeJ:gellt vegetatial with little or no qien water present. 

OJastal Zcne Data BiSe: Infonnation al the various attril:utes of the key 
o:mponents of the Great lakes ecosystem, gathered and store:i in a GIS. 

Cl:ilesive: Unconsolidated material which is held together primarily by 
electrical charges al the soil particles rather than by intergranular 
frictial. 

O:mneroial. Fishing: Ocmnercial fishil'J; interests use the Great lakes habitat 
and shore access servioes to earn incane and sustain a lifestyle frail sale of 
fish and fish products. 

0:nlecting Olannels: A natural or artificial waterway of perceptible extent, 
which either periodically or continua.Jsly contains m:,vin;J water, or which 
fOJ:11& a CXll'l1'l8Cting link between o.o lxxlies of water. 'Die Detroit River, lake 
st. Clair and the st. Clair River a:mprise the CXll'l1'l8Cting channel between lake 
lmCn and lake Erie. Between lake SUperior and lake HUron, the oonnectin;J 
channel is the st. Marys River. '1he Niagara River camects lake Erie and 
Cntario. 

0:nllJalltj.ve Use: 'Die quantity of water withdrawn or withheld fran the Great 
lakes aro assumed t-.o be lost or otheiwise not returned to than, due to 
evaporation durin;J use, leakage, in:=p)ration into manufactured products or 
othezwise 00llSUllled in various ,PLO eases. 

Olntaminant: A substance foreign to a natural system or present in unnatural 
cxu:eutrations. 

Qad.tol. 'li:Jl:bl: Hydraulic structures (channel i.nprovanents, locks, 
powemooses, or dams) J::uilt to control CAitflaws and levels of a lake or lake 
system. 

Cl:enll.at.ed: Havin;J small folds, notdles, or irdentations; wrinkled. 
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Criteria: A principle or stamard by which a j11r'geT9Jit or decision is made. 
Criteria are ooooeptual tut JlllSt have operational (measurable in principle) 
,:1 +110111e11ts. Ar'l'j sin;le criterion can be used to 0'3lp1!re the merit of measures 
or policies along the dilllensions ei1:011---;sed by the criterion. Criteria are 
used tc, sssxs measures mg criteria are used to assxs +-Jle decision makin;J 
pi:ocess (for exanple, group acoess to the decision makin;J bodies) . 

Criteria, 0:Jre: '1he broad principlx upc:n which the overall value of any 
measure can be essxsed relative to other measures. 'Ihey include ecxo:+u.ic 
sustainability, envircnmental integrity, social desirability, uncertainty an:i 
risk, political ao:ieptability an:i inplementability, an:i equitability. 

Criteria, Operatiaial: 'lhese criteria are sut sets of the core criteria. 
'lhese sub-criteria are quantified on the basis of the ai:plication of specific 
group rules to data or estimatm of i.npacts of the measure. Inpact 
assessments used to score sub-criteria are ultimately used to catpare the 
profiles of measures. 

Cnistal MCllla&rt;: '1he ~ in elevation of the earth's surface at a 
location with respect to another location. Crustal movement is expressed as a 
differential rate of ~ in elevation rNer time. 

cuna1t. '1he flowin; of water in the lakes caused by the earth's rotation, 
inflow an:i culflows, an:i win::l. 

Olsp: one of a series of naturally fonned low mc,.mds of beach material, 
separated by crmcent-shaped troughs spaced at regular intervals along the 
beach. 

Denitrilicaticll: '1he reduction of nitrogen cx:np:mds to a state of lower 
oxidation. 

Depositimal ZCD!S: Areas 'Where water =rents are low enoogh to allow 
•cnmuJation of suspended materials. 

Detritus: An aca.mul.ation of organic debris fran de.x:tuposln;J plants an:i 
animals. 

Digitizin;: '1he manual tracin; of spatial information on a map usin; an 
electrcnic OJrSOr which converts map features to co-ordinate values. 

D:iJce (Dyke): A wall or earth DD.tn:i l::w.lt arcurxi a low-lyin; area to prevent 
floodinJ. 

Diumal Tide: A tide with one high water an:i one low water in a tidal day. 

Divei:sions: A transfer of water either into the. Great lakes watershed fran an 
adjacent watershed, or vice versa, or fran the watershed of one of the Great 
lakes into that of another. 

rune: A low hill, ridge, or bank of san:i created by win::l action. 
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Dminage Basin: 'Ihe azea that ccntribltes runoff to a stream, river, or lake. 

Dta.dcwn: A lowerin;J of the water level to expose the battan sediments. 

Dynamic D;flil:ibri\a: 'Ihe state 'ltlereby a shoreline is actively eroc:lin;J or 
aocretin;J b.tt maintains its overall geanetric form. 

B:x>Jogy: 'Ihe science 1oru.ch relates livin;J fonns to their envircnnent. 

F.ccnclllic sustainability: 'Ihe objective of maintainin;J, at a minillum, the 
existin;J level of ecxo:imic activity within the Great Lakes-st. I.awrenoe River 
Basin. Eoonanic grtMttl an:i develq:meut can be realized through greater 
productivity in the ;swlication of~ econanic an:i natural resources so 
that these goals are not achieved at the expense of enviroranental, social, an:i 
cultural resources of significant value to society. 

lb:lsystan: A subdivision of the Biosphere with J:x:iuroaries arbitrarily define:i 
aox>rdin;J to particular i;mposes. An ecosystem is a dynamic totality 
cc:mprised of interactin;J livin;J an:i non-livin;J oarponents. '1he Great Lakes
st. I.awrenoe River Basin F.cxlsystem is an exanple 1oru.dl enoc:l!p!SS8S the 
interactin;J caip:ments of sunlight, air, water, soil, plants, an:i anilrals 
(includin;J humans), within the Basin. 

l!matga1t. Erect, rooted, herbaceous an;iospenns that may be terp::,rarily to 
pennanently flooded at the base b.tt do not tolerate prolOll:Jed i.nun:lation of 
the entire plant, e.g. 1:w.l.zushes. 

Ellpirical: Relyin;J or based solely on experilllent an:i d:Jservation rather than 
theo:cy. 

Envircnnent: Air, lard or water; plant an:i aniJral life includin;J man; an:i the 
social, eoa.anic, cultural, physical, biological an:i other conditions that may 
act on an organism or cxtllllllli.ty to influeooe its develcpnent or existence. 

El1lriztnDental GJ:adient: '1be variation in an enviroranental condition between 
two or m:>re locations. 

El1lriztnDental Integrity: 'Ihe sustenaroa of i.Jlportant biq:hysical r~ses 
1oru.ch suwc>zt plant an:i aniJral life an:i 1oru.d'I l!llSt be allc:Med to continue 
without significant charge. '1he objective is to assure the continued health 
of essential life ~rt systems of nature, includin;J air, water, an:i soil, 
by pratec:tin;J the resilience, diversity, an:i plrity of natural cxtllllllli.ties 
(eoosystens) within the envira'lment. 

~iliadon: 'Ihe wann, 'IJRler layer of a lake that occurs durin;J 
stratification. 

BJrltability: '1he assmsrne"": of the fainless of a meaSllre in its distrib.ttion 
of favorable or unfavorable illpacts across the eoa.ani.::, envira'lmental, 
social, an:i political interests that are affected. 
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Emsian: 'Jhe wear~ away of the shoreline and lake or river bed by the 
action of ~ and currents, and other natural pi:• -ce ses, 

l!lltrqru.c: Waters high in nutrient OCX1terit and productivity aris~ either 
naturally or fran agrialltural, mmicipal, or industrial Sciuroes; often 
aa::,aipanied by undesirable ~ in aquatic specieo- c, 111.osition. 

&lt:rqilicati.m: 'Jhe pi:ooess of nutrient enrid111e11t that results in high 
productivity. 

Evaluatial: 'Jhe awlication of data, analytical procedures an'! r:ssesanent
related to =iteria to establish a judg11e11t on the relative nerit of a 
neasure, p:,licy or institution. Evaluation is a process lolhic:h can be 
o:mucted both within fomal stuiies and by separate interests, although 
different data, pi:,:, edu:r:P.S and =iteria may be enployed in the evaluation by 
different interests. 

Elldpul:tanspiratim: Evaporation fran water bodies and soil and transpiration 
fran plant surfaces. 

EXDtics/EXDtic Species: Species that are not native to the Great Lakes and 
have been intentionally or inadvertently introduced into the system. 

Pen: ~ted peatlands: often with shrub CXNer and sparse trees, 
(lolhite cedar or tamarack) with water less acidic than bogs. Usually very slow 
i.nteJ:nal drainage throogh seepage. 

l'etdl: 'Jhe distance over lolhic:h waves are generated by a wind hav~ a 
generally constant speed and direction. 

nocdin:J: 'Jhe inurmtion of low-ly~ areas by water. 

Fl.uctuatim: A period of rise and sixx:eedirq period of decline of water 
level. Fluctuations ocx:ur seasonally with higher levels in late spr~ to 
mid-suimer and lower levels in winter. Fluctuations ocx:ur aver the years due 
to precipitation and climatic variability. As well, fluctuations can ocx:ur on 
a short-tenn basis due to the effects of periodic events such as storms, 
surges, ice jam;, etc. 

Fbod main (-web) : 'Jhe pic:u,s,, by lolhic:h organism in higher trqru.c levels 
gain energy by OOOSllllling organisms at lower trqru.c levels: the clepen::1enoe for 
food of organism upon others in a series beg~ with plants and ending 
with carnivores. 

l'bi.ESXJ1.e. I.ewer shore zone, between the ordinazy low and high water levels. 

Geup4i,jcaJ :rnfaDIBti.on System (GIS): A CCllplter-based "tool" lolhic:h 
captures, displays and manip.il.ates geo:Jrdlirlcally referenced data. 

r .... 111 11 imJ.r..gy: 'Jhe field of earth scien::ie that stuiies the origin and 
distribution of landforms, with special Ellplasis on the nature of erosional 
pi1 w ,esses. 
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Greai-=-- Effect: 'Ihe wannirq of the earth's at:mc:,splere and associated 
meteorological effects due to in::reased c::aztxn diaxide and other trace gases 
in the at:mc:,splere. 'lhis is expected to have ilrplications for lc:n;J-tenn cl:illlate 
dlarge. 

Grourdwater: SUbsurfaoe water occupyin1 the za,e of saturation. In a strict 
sense, 'the term is awlied only to water below the water table. 

Grourdwater mcharge: 'Ihe addition of water to the zone of saturation by 
percolation or other neans. 

QJ]Jies• Deep, V-shaped trendies carved by newly fcmned streams, or 
gramiwater action, in rapid headward,/forward growth durin1 advanced stages of 
accelerated soil erosion. 

Hazard I.aDi: An area of land that is suc:cept-.ible to floodin:J, erosion, or 
wave ilrpact. 

Berl +a+ e us: Soft-stenmed; no persistent parts above the grourrl; distinct fran 
"'°°'1y species such as shrubs and trees. 

Betpetofauna: Reptiles and anptibians. 

Hc:lllecstatic: 'Ihe attribute of autanatically carpensatin1 for external 
environmental dlarge in a manner that restores or maintains equilibrium. 

Hydraulic ret:enti.cn time: '1he theoretical lergth of tine water is held in a 
lake basin before bein1 totally replaced. 

Bydric soil: Soil that is wet lorq enoogh to produce anaerobic ex>nditions, 
thereby influencin1 the growth of plants. 

Bydrodynilmics: A branch of science that deals with the DDtion of fluids and 
the forces actin1 on solid bodies i.mnersed in fluids and in DDtion relative to 
them. 

Hydrology: 'Ihe awlied science cance.rned with the water of the earth in all 
its states. 

Hydralretearol.ogy: A brard:r of science cance.rned with the study of the 
atmospleric and land i;tiases of the hydrological cycle, with E!llp18Sis on the 
interrelationships involved. 

Bydl:q:b,yte: Artj plant growin,1 in water or on a substrate that is at least 
periodically deficient in oxygen as a result of exoessl.ve water content. 

Bypol.inrl.cn: 'Ihe cold, dense lower layer of water in a lake that occurs 
durin1 stratification. 
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Ice Boc:D: A structure installed to aid in the fomation and maintenance of an 
ice arcn at the head of a river, thus reduc:.in;J the adverse effects of ice on 
river levels and flows. 

Ice J-: An ao:uuuJ,.tion of river ice, in any fonn whicb obstJ:ucts the ooml 
river flow. 

Ice Retazdatim: 'lhe difference ~eei. the amrunt of water disdlarged at 
given lake and river stages under open water oonditions and under ice 
oonditions. 

Dlfiltratic:n: Mavanent of water thraJgh the soil surface and into the soil. 

J:n-place Rlll.utants: Pollutants in the batten sediments of a river or lake. 

:rnstitutiat: An organization of governmental units whicb have the authority 
and ability to facilitate arrl,/or make decisions affect.in;J the water levels 
issue. 

:r:ntemst:s: Acy identifiable groop, includ.in;J specialized mission agencies of 
governments whicb (1) perceive that their oonstituents'jlrembers' welfare is 
influenced by lake level fluctuation or policies and measures to address lake 
level fluctuation, and whicb (2) are will.in;J and able to enter the decision 
mak.in;J process to protect the welfare of their oonstituentsjlrembers. 

Intemati.mal. Joint Omniss;rn (LTC): A binational Ckmnission created urrler 
authority of the 1909 BouniaJ:y water Treaty. 'lhe IJC has three prilllary 
fun::tions: 1) quasi-judicial, with responsibility for ~.in;J awlications 
to affect natural flows or levels of baJrx:lazy waters; 2) investigation of 
matters at the request of the two governments, with the limitation that 
resul t.in;J recamierxlations are not bind.in;J on the governments, and can be 
m:xlified or ignored; 3) surveillance/coordination, thraJgh monitor.in;J or 
coordinat.in;J the i.nplementation of reccmnerxlations, at the request of the 
governments. 

:rnt:erspersion (of vegetation): In the case of vegetation, the prq>erty of 
diverse species be.in;J scattered throoghout an area alorg with patches of 
unvegetated areas. 

I:nvertemat:e: Animal whicb does not have a backbone or spinal o:>11.unn (e.g. 
lf!J'Oeba. Wl:m!IS, snails, flies) . 

:rscstatic Reixlund: 'lhe gradual uplift of lardmass follcw.in;J rE!IIDllal of the ice 
sheets. Results in a relative dlarge between land elevation and water level . 

.Jurisdictic.n: 'lhe extent or territory aver whicb authority may be legally 
exercised. 

laaJstrlne: Associated with a lake environnent. 

Iag Dep>sit: Residual accunulations of o:>arser particles fran whicb the finer 
material has been blown away. 



Lake 0utf1cw: 'Die IIIIQll'lt of water flowin;J out of a lake. 

Lake Year: A hydrologic year considered to begin in .August. 

Littaral: Pertainin:J to or ala-q the shore, particularly to describe 
am:ent:s, deposits an:i drift. 

Littaral oau: An area UrDer the c:x.nti.raDJs influence of specific la-qshore 
currents. 

Littaral Drift (Iut;.,sl• ■-- Smi-,,t- Ti.mqXJLL}: 'Dle IDCI\Tement of se1iment- ala-q 
beadles an:i in the nearshore Zale by the prevaili03 o.irrents an:i ci>lique 

-· 
Littaral Yale: 'Die area extendin;J fran the cutemcst breaker or where wave 
characteristics significantly alter due to decreased depth of water to: either 
the place where there is marked dlan;Je in material or ?1YSio;irai:tuc fonn; the 
line of permanent vegetatioo (usually the effective limit of stonn waves) ; or 
the limit of wave uprush at average anmial high water level. 

IoadiPJ: Total mass of a pollutant disdlaJ:ged to a water body CNer a 
specified time; e.g. tats per year of pb:lsplorus. 

1Dtic: Of, relati03 to, or livi03 in flowin;J water, as in a river or stream. 

-.....Jwd:lu.: Bottan dwelli03 invertebrates that are large enough to be seen 
with the un-aided. eye. 

lllcrqilyte: A plant large enough to be seen with the un-aided eye. 

Marsh: An area of soft, wet or pericxlically :ira.u'mted land, generally treeless 
ani usually craracterized by grasses and other 10111 growth. 

llelasuras: ~ actioo, initiated by a level(s) of govemment to address the 
issue of lake level fluctuatioos, incl~ the decisioo to do nct:hirq. NOI'E: 
Measures are defined by three elements. 'Dle first element is the specific 
:irnresbuant or actioo intetned to affect the land and water resource an::J/or the 
human use of the lan:i and water resource. 'Dle secon:1 element is the manner in 
whicn the socio-eocu:mic oosL blrden for an actioo is distributed (i.e. who 
pays?). And the third element refers to the iliplesnentin:;J authority (i.e. who 
is respoosible for executin3' an:i enforci03 the actioo) . Actioos have been 
classified into six types: 

TYpe 1 - :Reaulatiat am Diyersia)s: ~ 803'ineerll¥3 actiat whicn can 
alter Great Lakes water ~lies, water levels and flows. 

TYpe 2 - lam am water Mi!Pti"tions: Actioos whicn involve govemment 
investment to adapt to or mdify local lan:i an:i water use in an effort to 
adapt to water-level fluctuatioos an:i natural shore pw:x,e::ses. 
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'fype J - Restrictiais@I.an:1 am Water use: Actiais whereby governments 
restrict how interests may use the land an:i water of the Great I.akes 
Basin. 

'fype 4 - P,t\.9!1111& to Influence Use: l?Ublic progrcms am policies to 
provide infonnatiai an:i alter financial incentives to influence the ways 
in wch interests make decisiais abc:ut the use of the lan:i an:i water. 

'fype 5 - freT!lffiPY PeSP nse: Actiais by govemnents to emergency 
situatiais. !Diese are short-teen measures to easp iDIDAdiate prd:>lens. 

Type 6 - Qminat-ia,s: Two or DDre of the above types of actiais 
cud:>ined to address the issue of fluctuatin;J water levels. 

Measmes, 'Nm-StxucbJm1: Aey measure that does not :i:equi.re F,hysical 
CCl'lStructiai. • 

Measures, Sb:uctural: Aey measures that :i:equi.re sane form of oonstruction. 
01111..-11.y includeb mrt.tol 1o10rks an:i shore protection devices. 

Median: 'lhe middle value of a series; Half of the itens are lazger an:i half 
of the itens are smaller. 

II 11:.tq.il.W: Waters with intermediate levels of rrutrients an:i pro:luctivity. 

Metabolic: Relate::l to the rrooesses in livin; organisns by which assimilate::l 
material is blilt up into cell material or cell material is mwerted to 
energy. 

Netearological: Pertainin; to the atnw:,spiere or atm:Jspleric ~; of 
weather or climate. 

Metb,ylaticn: 'lhe introductiai of a methyl group into a o:mpoun::l. 

lbEl: A :mdel may be a mental cx,noeptualization; a i;nysical device; or a 
structured oollectiai of mathematical, statistical, and/or enpirical 
statements. 

lbEl, 0:llplter: A series of equations an:i mathematical tenns based on 
F,hysical laws an:i statistical theories that sll11.llate natural processes. 

lbEl, llydraulic: A small-scale reproductiai of the prototype used in studies 
of spillways, stillin; basins, oc:ntrol strucb.lres, river beds, etc. 

JbiDO.lltme: Sin;le 5£ecies vegetatiari CX11MP1mi.ty, e.g. large expanses of 
cattail or sedges 

lbltilly Mean 1l!lt.er Ievel: 'lhe arithmetic average of all past d:Jsezvatiais (of 
water levels or flows) for that mcnt:h. 'lhe period of record used in this 
study cumences Jamary 1900. 'lhis tenn is used interdlangeably with average. 

ll:ltplo].ogy: 'lhe form an:i structure of an organism or lan:iform. 
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11:Jqb:me!b.ir factor: HJ.ysical shape and settug, e.g. behin:1 a ba=ier beach 
as qp:,sed to a shoreline exposed directly to lake effects. 

Hearsbare: An indefinite zaie exten:lin;J 1~ fran the average annual water 
level to beyond the breaker zaie, definin;J the area of nearshore currents 
fmmed primarily by wave acticn. 

Het Bllsin ~y: Repr1s111ts the 111.WlY of water a lake receives fran its CM11 

basin less the lesses by evaporaticn fran the lake surface and loss or gain 
due tc SI !page. 

1111:rient cycl.inJ: 'lhe m:wanent of J"Altrients fran the ncnlivin:J (abiatic) 
thrcu;ih the livin:J (biotic) parts of the eccsystan and back to the abiatic 
parts. 

Oligot:rqnic: waters low in rutrients and productivity. 

01:gFM dl]arine cxint.aminants: Ollorinated hydrocarlx>n pesticides. 

Qitaq>: 'lhe exposure of beclr0c:k or strata projec:tin;J thrcu;jh the overlyin:J 
CCNer of detritus and soil. 

Oxi.c: To expose to oxygen. 

J?CB - polydllarinat.ai bipbenyls: A class of ozganic chemicals that 
bioacx,unl]ate and are suspected carcinogens. 

J"-1 bi] ity: 'lhe capacity of a porous material to transmit fluid. 

Felagic: Inhabitin:f the mass of water of a lake, in oontrast to the lake 
bottan. 

lbybkgzap1y. A descriptive study of the earth and its natural i;:tienanena, 
such as clilllate, surface, etc. 

Piaieer vegetaticn: Vegetation characterized by hemaceous annual and 
seedlin:f perennial plants that colonize bare areas as a first stage in 
m:eo:,ess iat. 

Planimetric capabilities: 'lhe capability of a systan to measure areas. 

PlanJctcn: Microeocpic or readily visible, free floatug plant (i;nyt:q>lankton) 
or animal {zoq>lankton) life of water bodies. 

~: 'lhe positicn adcpted by a gc,vemment en an issue i.hlch is expected to 
st:rucblre and guide the decisicn makin:f pux:ess. 

Prolb::tivity: 'lhe creaticn of livin:J matter fran ncn-livin:J matter and energy 
(pr.imaey prcductivity) or fran other livin:J matter (secx:n::1azy productivity) • 
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PUrity: 'Ihe state of bein;J free of ocntaminatioo by dlemicals, energy, or 
exotic forms of animals or plant life. 

Omlt-i A method of structurin;J data hierac:nically in the o:mp.rt:er; can be 
visualized as a variable sized grid cell that can vary to capture the degree 
of resolutioo apprc:priate to the original map. 

Raster: A means of storirYJ gEO,jLcqlilc infOLmaticrl in a o:mp.rt:er; the raster 
foi:mat is cc:uputatiooally similar to a matrix original. 

Reactl.: A len;ith of shore with fairly unifonn aishore an::1 offshore 
physiographic features an::1 subject to the same wave dynamics. 

Rebcund (Crustal. Jbla!Ent): 'Ihe uplift or -reo::,very of the earth's CLUSt in 
areas where a past continental glaciatioo had dept sad the earth• s CLUSt by 
the 1oleight of the ice. 

-qp. i.cn: A lamward retreat of the shoreline by removal of shore materials 
in a directioo petpendicular or parallel to the shore. 

~ i.cn Pqlat.icn: A mathematical expressioo wnich statistically relates 
two or m:>re variables. 

:Aegu]..at.i.cn: Control of lan::1 an::1 water use in aCXX>Itlance with ?Ules designed 
to aOOC11plish certain goals. 

PegnJat-icn: Artificial charges to the lake levels or their outflows for 
specific puipOSes or to ac:nieve certain objectives. 

Riparians: Persons residirq oo the banks of a body of water. 

Riverine wetlands: All wetlan::ls within a channel except those daninated by 
trees, shrubs, persistent emetgents, emergent messes or lidlens. 

Rmeral: A -..-iy plant. 

Runoff: 'lhe portioo of precipitation on the lan::1 that ultimately reaches 
streams and lakes. 

Seidle: An oscillation in water level fran one em. of a lake to another due 
to wind or atm:lspleric pL S''re. M:lst dramatic after an intense blt local 
loleather di.sturl:mx:e passes over one em. of a lake. 

Share Peach: A len;ith of shore with fairly unifonn aishore an::1 offshore 
physiographic features and subject to the same wave dynamics. 

Sharefast Ice: Ice that is illlnediately adjacent to, and often attadled to, the 
shoreline. 

Sbareline: Intersectioo of a specified plane of water with the shore. 

Sills: Ume?water obstructions placed to reduce a channel's flow capacity. 
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Sink: An area within a lake whidl receives littoral drift material. 

SrlCWpBClt water: 'lhe depth of water whidl woold result fran the meltirq sncM 
co,er of a given area. 

Socio-eccn:lldc ccn:litials: FertainiJ'q to the demograpti.cs of a region. 

Source: An area of the shoreline or nearshore zooe whidl oontrib.rt:es material 
to the littoral drift. 

Spatial EYaluatim FJ.a1 ud\._ 'lhe classification an:i delineation of 
terrestrial, "'8tl.an:i an:i aptic envilaunents in spatial rmits meaningful. to 
ill" CZSCSDCI~ of fluctuatirq levels an:i measures. 

sta.lcFhoJder: An individual, group, or institutim with an interest or 
CCllOeDl, either ecalCIDic, societal or enviraunental, that is affected by 
fluctuatirq water levels or by measures prqx:,sed to respon:l to fluctuatin;J 
water levels within the Great .takes-st. Iawrenoe River Basin. 

stenathem: An organism that can only tolerate a narrow ran;ie of tenperature. 

Sb.a.d. lard at the edge of a body of water, especially an area fran which 
water has reoently reoede:l-

Sb:ategy: A general ca'IOE!ptual framework for guidin;J action base:i upon a 
particular p.npose an:l selected means for adlievin;J agreed-upon en:ls. 

stratigraphy: 'lhe vertical variation in unconsolidated material or rock at a 
given location. 

Sul 11e1 gait. In plants, a vascular or nonvasa.tlar hydro[:nyte, either rooted or 
nau:cote:i, whidl lies entirely beneath the water surface, except for flowerin;J 
parts in sane species, e.g. wild celeey, stonewart. 

&:ilst:rate: Solid material upon whidl an organism lives or to whidl it is 
attached. 

SWaup: A flat, wet area usually or periodically covered by stan:iin;J water an:l 
suwartin;J a growth of trees, shIUbs an:l grasses; organic soil is thin an:i 
readily pemeated by roots an:l l'Altrients. 

Synergistic: 'lhe act of two or m::>re thin;Js 11110rkin;J together to create a 
greater effect than the Sl.llll of their individual effects. 

'nii.zesb.ial: Havin;J to do with the lan:i. In the oontext of this Annex, havin;J 
to do with lan:i near the shore. • 

Trqitlc stabJS: A neasu-e of the biological productivity in a body of water. 

'l'lm:iul.aice: An irregular mavement of a fluid, dlaracterized by randanness. 

B-Al-12 



Udlanizaticn: 'lhe change of c:harac:ter of land, due to develcpnent, fran rural 
or agriailtural. to w:ban. 

Vliln!rability: V\Jlnerability is a. ocxcept pertainin;J to a relative 
susceptibility of interests to the adverse OCl1SeQU8ll08S of water-level 
fluctuatiam. IlependinJ a1 the ctioice of level of resolutia1, the ~ocx-10ep-~t of 
vulnerability oould pertain to a spec:t:J.1.m1 of interests rangin;J fran an 
individual to a group of interests (industry) or to saie notia1 of "society as 
a 'Whole." V\Jlnerability wculd thus be depement a1 the concentration of 
interests in the Basin, the type of activity they are ergaged in, the assets 
they enploy, i.rx:lmin;J such factors as locatioo and settin;J, design ran;ie of 
the blildin;J or equipnent, the ability of the ~ to adapt, and the like. 

Wat:embed: 'lhe are drained by a river or lake systai. 

water Sqply: water rEdling the Great Lakes as a direct result of 
precipitatia1, less evaporation fran land an:i lake surfaces. 

water Table: 'lhe upper surface of a zone of saturation. No water table 
~ where that surface is f0l.1led by an i.npmneable body. 

WilYe: An oscillato:cy m:,vement in a body of water whidl results in an 
alt.emate rise and fall of the surface. 

wave cu-te: A tenn descri.bin;J the nature (height, period, 1~) an:i type 
of waves ocau:rin;J at a partiailar location along the shoreline. 

WilYe crest: 'lhe highest part of a wave 

wave Directiai: 'lhe directioo fran whidl a wave ~ches. 

wave Period: 'lhe tiJlle for two S'JCCleSsjve wave crests to pass a fixed 
point. 

1iiaatber: 'lhe meteorological cxn:lition of the atmosplere defined by the 
JDea'-J(EIJe.nt of the six meteorological elements: air tenperature; baranetric 
pre sma; wind velocity; humidity; clouds; and precipitation. 

Ueatl...:i.nJ: Total of all pwoe::ses (P1YSical an:i c:tiemical) actin;J at or near 
the earth's surface to cause the plySical disruption an:i dlanical 
.;.o 111-,siticn of rock. 

11etland: Iarm where the water table is at, near, or above the land surface 
long enwgh each year to sui:p:>rt the formation of hydric soils an:i to iq:port 
the growth of hydrqlhytes, as long as other envira'l!lental variables are 
favoorable. 

1letland J.luncticn: A plySical or biological ptooess whidl cxx:urs within a 
wetland. 
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Wet:lan1 value: '1he extent of benefit to humans derived frail aie orjmore 
-wetlan:i functims. 

Wini Set~: (stonn Surge) '1he vertical rise above nonnal water level on the 
leeward side of a body of water caused by wind stress on the surface of the 
water. 
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AlillWIX J--4: SID!E IK• F&--ii'S w.lkkSiU? EXl!UtrIVE ::DN1RY 
DIPJ!ICl' OF GRl!'AT lAKES Wlffl!R IEIIElS Clf ~ HO 1!SsfS 

CANIIDll cmrnm l'tR lNUIND WMHIS, lllRL1HID:lf, CX!IOBrR 27 AND 28, 1988 

A mmber ot: , 0111M •· themes an::l cxn::lusians can be drawn fran the review papers 
presented at the 'WOl:'kshq:,, the sunmaries of the individual 1o10rkin; groops, an::l 
fran general disaJSSion aver the two days of the 'WOl:'kshq:,. 'Die mst 
significant of these can l:le sumnarize::l as follows: 

1) 'Jhere is a wide ~ of shore types in the Great Iakes, fran bedrock 
shorelines thraigh cxtiesive bluffs, sarxiy barriers an::l protected bays an::l 
'Wetlan::ls. It is rec::cgnized that eadl shore type ccA11.d be characterize::l by a 
different cx:mplex set of pi:o ses an::l ocntrollin;J variables, an::l that the 
role of water-level fluctuatians on a seasmal an::l long-tem scale would also 
differ fran one shore type to another. Fran this it follows that the inpac::t 
of ocntrollin;J the magnitude of water-level fluctuatims or of lowerin;J the 
mean lake level 'WCUl.d also vary fran one environment to another. 

2) It was generally recognized that the dani.nant p:n:nesses ocntrollin;J coastal 
erosion anc1 sediment transport are waves an::l wave-generated currents, 
partia.ilarly durin;J thP rssag-e of storms. water level increases clue to wave 
set-up an::l stonn surge are also significant an::l may be 111.ldl larger than 
seasonal an::l long-tenn ~ in the mean lake level. 'lhese in turn are 
ocntrolled by shoreline orientation, fetch lengths, win::l climate an::l stonn 
intensities, etc. 

3) wave-generated pi:,· =ses are the primary ocntrol on erosion of bluff an::l 
sarxiy shorelines, an::l in mst areas of the Great Iakes, the mean long-tenn 
erosion rate is prd:lably inieperrlent of water level fluctuations. In both 
instan:les, the local beadl sedinent tudget is extremely .inportant in 
detennininJ the magnitude of erosion an::l this shoold be evaluated within the 
:framework of the littoral drift cell. 

4) 'Die primary effect of seasmal an::l long-tenn water-level fluctuatians is to 
mo:lify the vertical distance aver whicn wave-generated processes operate, but' 
they prd:lably have little effect on long-tenn erosion an::l sediment transport 
rates in mst areas. 'Die fluctuatians do introduce tenporal variations, whicn 
are cyclical rather than randan, in the rates an::l intensities of sane 
pt:•• ,asses. 'Jhus, rates of toe erosion an::l bluff recession are higher durin;J 
periods of high water levels an::l lower durin;J low water phases (thoogh low 
water phases my be respan.sible for irrlucin;J large sml.,. failures in sane high 
bluffs); dune erosion an::l averwash is also mre prevalent durin;J high water 
periods. In wetlan::l areas, water-level fluctuations may be of greater 
illpJrtanoe than wave-irrluoed prnoesses, an::l in this instance the fluctuations 
are necessary for maintaining the areal extent of the wetlan::ls an::l the species 
diversity. Water-level fluctuations also in::luce cyclicity in foredune 
developi&it. an::l '11111.y thus influence the character of the shoreline develcpnent 
in these areas. 
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5) Shorelines protected by structures are exposed to the same ran;ie of 
pL• cesses as natural shorelines, and in tum nmify the natural process. In 
particular, shore prc,tectial may interfere with lCBl;IShore sedinent transport, 
and alcrq bluff shorelines it may lead to a significant reductial in sedinent: 
SUEP].y to the littoral drift system. 

6) 'Ihe possible iDpacts of scnanes to (a) recluoe the ran;ie of lake-level 
fluctuaticns, and (b) to lower the avetall mean lake levels by up to a metre 
-were seen to vary with shore dlaracteristics. On sardy coasts it was 
generally felt that the beach and nearshore profile wool.d adjust rapidly to 
achieve a new ecpilibrium, and that in erosicnal areas there wool.d be ally a 
short pericd of stability before erosial resurned- Hc:M!Ver, this might vary 
with different substrate in the nearshore. On erosicnal bluff shorelines 
where the erodible material extended thrtu;Jha1t the nearshore, the respite 
ftan erosial wool.d also be short, b.tt in areas where bedrock is close to the 
surface or where there is an aOOllllllatial of lag deposits, a lower~ of water 
levels a:w.d recluoe lcrq-teon erosial rates. As noted in 4) above, a 
reductial in the ran;ie of lcng-tenn fluctuations wool.d reduce the area of 
coastal marshes and their diversity and productivity. A reductial in the 
ran;ie of lake-level fluctuations might reduce the oosts of sane protection 
designs. A 1 metre reduction in mean lake level wool.d drastically reduce the 
need for existin;J structures, b.tt in erosicnal areas new structures wool.d be 
-Wat lower elevations if erosial oontirnled. 

7) 'Ihe worJcshcp identified the need for m:,re researdl on the ooastal processes 
operating in the Great Lakes, particularly these al cdlesive coasts and those 
involved in sedinent transport in the nearshore. It is evident that we still 
do not krXM enoogh about the p:rooesses themselves and about the way in 1'1hich 
they respcn:i to water-level fluctuations. studies looldn:J at shoreline 
response to the extended period of lCM water levels in the late 1950 's and 
1960's might shed sane aclditicnal light on shore respcn.se to a pennanent 
lower~ of lake levels. Similarly, further insight into the potential 
effects of reduc~ the ran;ie of fluctuations cx:w.d be gained fran studies 
cmparh~ shoreline dlaracteristics and erosial rates in lake Ontario before 
and after regulatial. 

8) Finally, it was felt that there was also a need for a OC11pilation of data 
al the coastal environment as a whole, including win:i and wave climates, 
nearshore mxpholcgy and sed.iinents and other shoreline attrib.ttes, and for the 
institutial of a systematic programme to rncnitor ooastal erosion and shoreline 
charges throJgh the establi.shnent of measured profiles and fran aerial 
plCltograpls taken at appt.cpLlate scale on a regular and fregJent basis. 'Ihe 
need for this type of systematic data collecticn is similar to that for 
collection of stream dischaJ:ge and sedimem; ocu.Jeub.ations in rivers and it 
sha.Jl.d be seen as essential to the devEolq11sut. of aey prcgram of ooastal zone 
managanent.. SUCh a scilerne shoold continue through both high and lCM water 
Ji)ases. 
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AH'IHDXB-5 

SIIH!:L1llE IIIINIIGfJll!Bl w..RkSHlP 

EXl!lDrlvE SOllllRl 

'Die diversity and OC11plexity of shoreline management awroaches and programs 
cm-rently inplemented acrcss the Great Lakes Basin is :imicative of the 
principles governin;J p:u::g1.- devl.,lcptent and inplementatiai. '1hree main 
principles, awlied in varyin;J deg1 s of nagnitude and priority, ain:ently 
govern the dizect:iat taken by inpl~ agencies, namely: 

o p.iblic health and safety (teductiai of risk, damage pniventiai and 
-welfare) 

o eoological and recreatiCllal. values 
o general p.iblic benefit (canada) 

'Die ran;Je and OCllplexity of governin;J principles selected by inpl~ 
agencies often dictates hew shoreline management problems are defined and 
influeooes the l'aD38 of awroaches selected to ac1clress identified problems. 

Given the current diversity in govemil'q principles across the Great Lakes 
Basin and the resultant ran;Je in definitiais of, and awro.tches to, shoreline 
management, the general p.iblic ain:ently pel08ives that shoreline management 
p:u::gl.dllS are inconsistently ai:plied. 

Perceived inconsistencies in program inplementation can also be attrib.ited in 
sane degt- t.:o variations in the roles and 1espo11sibilities of government 
support agencies (i.e. for policy ditection, prog1an, inplementation, tedmical 
s,.g,ort, advisoty sezvices) , the hieratdly and relatiaiship between government 
agencies (federal, provincial/state, na.micipal), existin;J statutoiy authority 
(i.e. does the inplementin;J agercy have supportin3 legislation to administer 
policy dizect:iais), and funding SIJR)Ort. All of these have a ditect inpact on 
program develcpnent and inplementatiai (i.e. the ~ and feasibility of 
ai:proaches available to inplementin;J agencies). 

Clcllprehensive shoreline management p1og1a11s wst provide a balance of non
structural ai:proaches to effectively address existin;J and future shoreline 
develcpnent cxn:iems. 

'Die frequent awlication of strucblral measures, often inplemented as crisis 
respaise measures, are viewed as bein;J short-tenn, reactive, costly and often 
ineffective solutiais to problems associated with dynamic natural shore 
pro, sses. In cart:rast, non-struc:tural pieventative approaches are viewed as 
laig-tenn, proactive, and cost effective solutiais, offerin;J laig-tenn 
benefits to the p.iblic at laxge. 

A mjor lillli.tin;J factor to effective develq:meut and inplementation of nai

structural ptogIW has been the al:Jsenoe of ''political will". Non-sttuctural 
measures are viewed by many shoreline prqierty owners as a "taking" or "down
zonin;J'' of prqierty values, infrin;Jin;J on the riparian rights of private 

B-AS-1 



prq,erty owners to use their land as they so wish. Governments have 
historically been reluctant to pranote __ ncn-structural_ programs, despite their 
acknowledged l~-tezm benefits, in respaise to public pressure. 

Another major limitin;J factor to effective develc:pnent, illplementation and 
public aooeptanoe of ncn-structural measures is the persistent willin;iness of 
govenmient to f»ramine lake regulation as a viable solution to shoreline 
floodin;J and erosioo prd:>lems, despite the fact that repeated studies have 
clearly shown that lake regulation has a maxiDl.nn illpact of lowerin;J water 
levels ally a matter of irx:iles. 'lhe real prd:>lem is short-tezm, storm-in:luced 
watm-level dlarges 'Which are often measured in feet. 

Governments nust resolve the issnes of full or partial regulation of Great 
I.akes watm-level fluctuatiais. Quy then can resooroe managers effectively 
develq, am illplement ncn-structura1 strategies am programs. 

'lhe cb,tal::::ses used to develq, shoreline management policies are often 
challerged as bein;J mirealistic, incarplete, or unreliable. '1his is in part 
due to the lack of continuity in methodologies used by different agencies in 
the provision of guidelines. 'lhese dc>tab:lses, if incarplete, nust be 
illproved, staroardized and oc:npleted. 

Ccllprehensive Great Lakes shoreline management programs currently do not 
exist. Rather, existin;J shoreline management programs are designed for 
specific areas of ooncern. Sane view this as a haplazard application of 
policy; however, due to the high variability and uniqueness of Great Lake 
shoreline ern,b.ument&, cantinled p.irsuan::lP of this approach is essential to 
F'JOOess~il. illplenentation and aooeptanoe at the local level. 

Non-structural. shoreline management measures are often misconstrued as 
offerin;J pennanent solutions to shoreline flocxiin;J and erosion problems. For 
instance, once a setback line has been drawn on· a m..micipal zonin;J map, there 
is often~ q;pisition to its re-evaluation and possible re-drawin;J. 
still, cx:introls such as setback regulations are, in themselves, cost-effective 
means of transferrin;J infonnation on,risks associated with shoreline flocxiin;J 
am erosion. It shculd be umerstood that since shore p:"'OCPSses are dynamic 
in nature, declarin;J any solution, stnJctural or non-stntctural, as 
"pennanent" is bein;J totally mirealistic and misleading. 

Non-structural. measures are not. innovative approaches to shoreline :managenent. 
'Ibey have existed, and have been applied in vacyin;J <.Je;jz rs, throoghout the 
Great I.akes Basin for a number of years. 'lhe issue requirin;J :recognition and 
:mspuise is the develc:p,ent of a oc:nprehensive shoreline management program 
am illplementatioo strategy throogh govemnent agzeements, 0.iti.a1 

umerstanding of the prd:>lems ani possible :rarge of nc:n-structural solutions, 
am public educatioo and aooeptanoe. P.togzams will sucreed where a number of 
nutually cantira.Jcus and oc:nplinentaLy nc:n-structural approaches, rather than a 
sin;Jle meas11re, are applied. 
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APl'l!IIMX B-6: 1El'llN[S ~ EXm1l'IVE ~ 
IIMm-IEVEL uU:DiRIA l'CR GRl!'AT IAJalS WETI1INllS 

BJftl'AIO, Nl!Jf Ytmt J1INllllRY 24 AND 25, 1989. 

Results fran the Wetl.ams WoJ:kshq> are as follows: 

1. Fluctuating water levels, as exhibited in the Great Lakes, have provided 
ccn:litioos for wetl.ams such that the acbJal. wetland area is significantly 
lai:ger and nm:e productive than if the water levels had been stable. 'lhis is 
a result of wetl.an:i area extensioo upland due to periodic floodin3 fran high 
water and also fran short tam wind set-up. A similar extensioo can be foorxi 
at the q>el'l water bamdaey 1otiere periodic low waters ~rt plant growth and 
reprcductioo. '1he illpacts of a reduc:tioo in the ~ of fluctuatioos a, 
wetl.an:i area can be quantified, bJt mitigatioo wail.d be diffiOll.t because of 
the size of the iJlpacted area. 

2. ~ in the fluctuatioos thro.ql regulatioos may c:tian;ie the t~ of 
the highs and lows. SUdl c:tian;ies CXlul.d have very significant detrimental 
illpacts a, the wetland vegetatioo. Sane plants have very specific 
requirements. Plants which need to go thro.ql sexuaJ reproduction may not 
have enough time for sexnaJ lllBturation before winter sets in. Wild rice, for 
exanple, requires nudflats for establishment and increas~ water levels for 
growth and reprcduction on an annual basis. :rnpacts caused by c::nan;~ the 
timin;i of highs and lows can be described bJt not easily gJantified. 

3. A generic nile ~licable to all the Great Lakes wail.d include: 

a) Maintain the seasonal water-level profile for each Great Lake. 
For seasonal target profiles, the recorded m:>nthly median levels may 
provide a mre meaningful profile than the mean m:>nthly data. 
Generally, spr~ and early sumner levels sha.lld be the highest, 
followed by a decrease in summer and fall. Winter ccn::litions shoold 
be low and stable a, the seasonal scale. Mid and late summer highs 
shcw.d be avoided as shoold major decreases dur~ the winter after 
ice formatioo. 

b) ~ in the anplitme wail.d have system-wide illpacts a, plant 
species diversity and on area. rn general, scrub-shrub, ~ and 
exotics waud increase at the expense of other species. 

c) Frequency of variability (includes the rate of c:tian;ie, timin;J, 
and the duratioo) are of great illp)rtance. '1hese required 
ccn:litioos have not been reduced to detailed l"l.llllerical parameters. 
'1he leigth of the time frame's periodicity is 10 to 30 years. 

rn the future, extreme highs or lows could reach levels at which the benefits 
of fluctuatioos (needed t-.o maintain mrrent ccn:litioos) wail.d be e.voeerled 
(piysical ccn:litioos wail.d dlan;Je) • Us~ the historic Ieooid of 
fluctuatioos, an attenpt was made to identify possible mavimm and minilll.nn 
levels. As a startin;J point, the e>c· eened 10% and exneecJed 90% an:ves wete 
used for the boun:taries of the ~ of fluctuatioos which nust be maintained 
to protect the ecosystem as it mrrently exists. 
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Ali& Ill B-8 

CXJM:RSICI{ FAcroRS 

ME:IRIC 'IO IMPERIAL 

1 centimetre • 2,54 incms 
1 metre • 3,28 feet 
1 kilamLLe = 0.62 mile 
1 square metre • 1.20 square yard 
1 square kilamlte = 0.39 square mile 
1 hectare = 2. 47 acres 
1 c:l.lbic centimetre • 0. 061 c:l.lbic :lncn 
1 c:l.lbic metre • 1,31 c:l.lbic yard 
1 c:l.lbic kilamtte • o. 24 c:l.lbic mile 
1 litre • 0.22 Illperial galloo 
1 litre = 0.26 U.S. galloo 
1 gram • 0.035 cunoe 
l kilogram • 2,21 p:ll.lrxis 
1 tonne= 1.10 tai 
0c = cDJ- - 32)/1.8 
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