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EVALUATION OF POTENTIAL USE OF VEGETATION FOR EROSION 
ABATEMENT ALONG THE GREAT LAKES SHORELINE 

by 

Y.L. Bolt and J.D. Ludwig 

I. INTRODUCTION 

The present p h y s i c a l c h a r a c t e r i s t i c s o f the Great Lakes shores i n 
the U n i t e d States r e s u l t e d from n a t u r a l changes i n t h e Great Lakes 
r e g i o n s i n c e the g l a c i a l r e c e s s i o n and from the man-induced developments 
o f r e c e n t years. The shore v a r i e s from h i g h c l a y , shale, and r o c k 
b l u f f s , t o lower shores o f roc k , sandy beach,and marsh. Except where 
bedrock i s a l r e a d y exposed o r p r o t e c t i v e works have been c o n s t r u c t e d , 
the shores o f t h e Great Lakes are b e i n g a l t e r e d by water and wind 
e r o s i o n . 

Wave e r o s i o n i s the most severe t y p e o f er o s i o n o c c u r r i n g along t h e 
open shores o f the Great Lakes. Damage from wave ero s i o n has been more 
pronounced s i n c e lake l e v e l s have r i s e n , t h e r e s u l t o f r e c e n t increases 
i n r a i n f a l l over the Great Lakes b a s i n . The average annual r a i n f a l l 
from 1900 t o 1972 f o r the b a s i n was about 32 inches; since 1964, how­
ever, t h e annual r a i n f a l l has been above t h a t 72-year f i g u r e ( I n t e r ­
n a t i o n a l Great Lakes Levels Board, 1973, 1974). 

Surface r u n o f f , t h e second most p r e v a l e n t type o f eros i o n along 
the Great Lakes shores, i s most d e s t r u c t i v e on steep, u n p r o t e c t e d 
slopes. I f p r o t e c t i o n i s inadequate, g u l l i e s form r a p i d l y . A r e l a t e d 
problem, seepage, causes slumping, which increases the e r o s i o n r a t e and 
p r o b a b i l i t y o f l a n d s l i d e s . 

Other agents o f l e s s e r concern causing s h o r e l i n e erosion are 
f r e e z i n g and thawing and the a c t i o n o f f l o a t i n g i c e . Freezing i n ­
creases t h e volume o f water and thawing reduces the volme;- t h e expan­
s i o n - c o n t r a c t i o n process can move s o i l o r r o c k s u f f i c i e n t l y t o cause 
l a n d s l i d e s or r o c k f a l l s . I n a d d i t i o n t o the displacement from f r e e z i n g , 
thawing may a l s o cause an u n s t a b l e l a y e r t o form between t h e i c e and 
s u b s t r a t e , thus i n c r e a s i n g the tendency toward bank f a i l u r e . 

F l o a t i n g i c e has a v a r i a b l e e f f e c t on shore e r o s i o n . D r i v e n ashore 
by s t r o n g winds, i t can cause extreme l a n d s c o u r i n g . On the o t h e r hand, 
i c e may move onto shore and form a p r o t e c t i v e b a r r i e r a g a i n s t wave 
a c t i o n t h a t would otherwise erode t h e shore. 

Wind e r o s i o n , normally a dry-weather phenomenon, occurs aroimd 
Great Lakes dune areas t h a t are droughty and b a r r e n . Wind i s espe­
c i a l l y d e s t r u c t i v e i n dune areas, b l o w i n g sand i n l a n d . The deposited 
sand may bury e s t a b l i s h e d v e g e t a t i o n and perhaps develop a new dune area. 
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E r o s i o n a l problems and damages i n c l u d e loss o£ l a n d , imperilment 
to roadways, loss o f r e c r e a t i o n a l beach, loss o f access t o the l a k e s , 
and s t r u c t u r a l damage t o d w e l l i n g s , boathouses, docks, and s t a i r w a y s ! 
Some s h o r e l i n e c o n d i t i o n s along the Great Lakes are d i f f i c u l t t o a l t e r 
t o c o n t r o l erosion, p a r t i c u l a r l y i n areas where th e r e i s no beach or 
where the water i n t e r f a c e s immediately w i t h steep b l u f f s . However, 
t h e r e are numerous areas where erosion can be abated by a t t e n u a t i n g 
wave a c t i o n w i t h mechanical b a r r i e r s and then using t e r r e s t r i a l and 
aquatic v e g e t a t i o n t o p r o t e c t the shore against the reduced wave a c t i o n 
and a g a i n s t surface r u n o f f . 

There are t h r e e types o f t e r r e s t r i a l p l a n t s t h a t can be used t o 
abate e r o s i o n : (a] pioneer p l a n t s , the species t o f i r s t become 
es t a b l i s h e d on new s u b s t r a t e s ; (b) secondary p l a n t s , t he species t o 
f i r s t invade e d a p h i c a l l y s t a b l e areas colonized by the pioneer p l a n t s ; 
and (c) t e r t i a r y p l a n t s , the species p o o r l y adapted t o dynamic c o n d i t i o n s 
and r e q u i r i n g areas p r e v i o u s l y s t a b i l i z e d by pioneer and secondary 
species. 

Most species used i n t e r r e s t r i a l p l a n t i n g o perations are the p i o ­
neer t y p e . The pioneer i n i t i a t e s a development sequence (Cowles, 1899; 
Hack, 1941). I t s t a b i l i z e s the surface, provides l o d g i n g f o r windborne 
disseminules, s h i e l d s seedlings from sun and wind, and prepares t h e way 
f o r n a t u r a l i n v a s i o n o f other p l a n t types CDaubenmire, 1968). 

Establishment o f hydrophytes (submergent or emergent p l a n t s ) i s 
very d i f f i c u l t . They are h i g h l y r e s t r i c t e d by c u r r e n t s and water l e v e l 
f l u c t u a t i o n s . Emergent hydrophytes are l i m i t e d t o low-energy shores, 
where they modify less f o r c e f u l waves; submergent aqu a t i c p l a n t s estab­
l i s h i n even more p r o t e c t e d areas. The r e s t r i c t i o n o f submergent 
species t o q u i e t waters l i m i t s t h e i r phytogeographical d i s t r i b u t i o n , 
and t h e i r v u l n e r a b i l i t y t o stron g wave forces p r o h i b i t s them from n a t u ­
r a l l y c o l o n i z i n g the wave-swept l i t t o r a l zones o f lak e s . 

The main purpose o f t h i s i n v e s t i g a t i o n was t o determine i f t e r r e s ­
t r i a l and hydr o p h y t i c p l a n t s , e i t h e r alone or i n combination w i t h 
s t r u c t u r e s , can be used t o at t e n u a t e wave energy immediately o f f s h o r e 
and t o s t a b i l i z e the areas adjacent t o the w a t e r l i n e , t h e r e b y reducing 
the e r o s i o n r a t e along the Great Lakes shores. 

I I . PROCEDURES 

The study was conducted i n two phases, a l i t e r a t u r e search and a 
f i e l d survey. I n both p a r t s o f the study, the emphasis was on vegeta­
t i o n endemic t o the Great Lakes area, because these p l a n t s are expected 
to be w e l l adapted t o the present environmental, edaphic, and c l i m a t o -
l o g i c a l stresses. 

1. L i t e r a t u r e Search. 

The l i t e r a t u r e was reviewed f o r p e r t i n e n t i n f o r m a t i o n on p l a n t s 
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u s e f u l f o r reducing shore erosion. Based on i n f o r m a t i o n from these 
sources p l a n t s were evaluated f o r t h e i r p o t e n t i a l a d a p t a b i l i t y t o 
abate erosion on the Great Lakes s h o r e l i n e . Plants were c l a s s i f i e d by 
t h e i r a b i l i t y t o invade and become e s t a b l i s h e d as pioneer, secondary, 
or t e r t i a r y species. 

Federal and State agencies, u n i v e r s i t i e s , and p r i v a t e i n d u s t r i e s 
p r ovided topographic maps o f the Great Lakes s h o r e l i n e and sev e r a l 
r e p o r t s r e l a t e d t o erosion problems and c o n t r o l s . I n t e r v i e w s were 
h e l d w i t h personnel knowledgeable about the Great Lakes area or erosion 
c o n t r o l methods. 

During the l i t e r a t u r e survey, i n f o r m a t i o n on use o f s t r u c t u r e s and 
s h o r e l i n e m o d i f i c a t i o n s was c o l l e c t e d and used t o form broad g u i d e l i n e s 
f o r e v a l u a t i n g how various s t r u c t u r a l and s h o r e l i n e m o d i f i c a t i o n s might 
be used w i t h v e g e t a t i o n t o decrease erosion r a t e s . 

2. F i e l d Survey. 

A scorecard fashioned a f t e r Parker and Woodhead's (1944) scorecard 
was developed (Table 1) f o r e v a l u a t i n g the erosion c o n t r o l p o t e n t i a l o f 
p l a n t s found a t the s i t e . The card was designed t o index r e p r o d u c t i v e 
p o t e n t i a l , d e n s i t y , composition, organic l i t t e r accumulation, s o i l 
d e p o s i t i o n and removal, g u l l y f o r m a t i o n , slope angle, and evidence o f 
wave a c t i o n . The card allowed f o r e v a l u a t i o n o f species t o be performed 
in situ. Since the card includes two edaphic categories not a p p l i c a b l e 
to a q u a t i c p l a n t s , the i n v e s t i g a t o r s weighted the evaluations o f the 
remaining parameters t o compensate f o r the d i f f e r e n c e . The best 
expression o f each category received the lowest n m e r i c a l value; p l a n t s 
w i t h an index less than 31 c l a s s i f y as p o t e n t i a l l y e f f e c t i v e erosion 
abatement species. 

Reconnaissance o f the Lake Superior shore i n c l u d e d the States o f 
Wisconsin and Michigan; Lake Michigan shores were surveyed near Kewaunee, 
Wisconsin,and from Milwaukee, Wisconsin,to Muskegon, Michigan. The n o r t h 
and south shore o f Lake Huron were surveyed. The Lake E r i e s h o r e l i n e 
from D e t r o i t , Michigan, t o B u f f a l o , New York,was inspected. The Lake 
Ontario s h o r e l i n e was surveyed from Youngstown t o Rochester, New York, 
wherever t h e r e was access t o the lake. Sampling p o i n t s ( F i g . 1) f o r 
each o f the lakes are loca t e d by county. S t a t e , and v i c i n i t y i n Table 2. 

Because p r i v a t e ownership along the Lake Michigan shore l i m i t e d 
access, the number o f survey p o i n t s t h e r e was reduced. 

I I I . FIELD OBSERVATIONS 

1. Lake Superior. 

Most Wisconsin shores east o f Superior t o Cornucopia, p a r t i c u l a r l y 
along the red c l a y b l u f f s , are subject t o eroding r u n o f f from upland areas 
u n d e r c u t t i n g by wave a c t i o n , and c l a y bank sloughing caused by seepage. 
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Table 1. Scorecard indexing erosion c o n t r o l p o t e n t i a l o f p l a n t species 

Slto location_ 
Otma 
SpeQl6a_ 
Conaon Hmo 

PUNT rJDICA.TORS! Baaed on color, hol^ht md voluno, ociparo v i t h nodarstaly 
proUotad t r a a s . 

KUnts robust, with healthy, dirk grean color «ld extrenoly nunarous loaves, 
seed stalks long and nunorous, f a v or no dead plants. Roproduotion 
p l e n t i f u l i n good years..,,, • 1 

Plants as above with long seed stalks. Raproductlon sparco except In 
oxtrorjoly good years, Occasloml spots I n tho vocotatlvo typo i n 
f a i r or poor condition t(««.i.>t>.« •«•«•*>i ••(«•• •*« 3 

Plants moderately healthy with aoderata length seed stalks 5 

Plants woik, nay be pale, alokly color. Seed stalks few and extremely short. 
Seedlings raro with death loss groat , 7 

Plants with new basU or terminal growth and p l e n t i f u l young plants,.,,*., 1 

Plants hodged., 2 

Plants Assuaa hedged appearance 3 

Kany plants dead or with numerous dead branches. I n f e r i o r species present 5 

Density Sitcallant 1 Good 2 F«ir 3 Poor 

Ccrjpositlon Sxoellent 1 Good 2 Pair 3 Poor k 

Annual grasses and/or woody spooies 
Sparco or lacking 0 Abundant 1 Voiy abundant 2 

Sand and s o i l deposition (wind) 
Ko d r i f t * 0 
SUght d r i f t 1 
Moderate d r i f t * * 3 
Heavy dr i f t * 5 
ExcasslvB d r i f t (blown sand and dunes) « ? 

Sand and s o i l ronoval (water and wind) 
AU s o i l layers or horlions i n U c t and well covered with plant debris, 

no apparent sheet erosion , • ^ 

A l l s o i l layers i n t a c t but s o i l moveeiont can bo detected try occasional 
rainlaturo a l l u v i a l fans, occasional exposed pebbles and rocks.,,, 1 

Upper s o i l horizon boginnlng to break up with nuaorous ni n U t u r e 
a l l u v i a l fans, erosional paveaont forming from exposed pebbles 
and rocks ••• > 3 

Upper s o i l horizon rapidly being roaoved, with spots of raw subsoil 

exposed, erosional pavontxnt developed • 5 

Upper s o i l horizon largely renoved, erosional paveaont axcassive, 
s o i l s generally hard and coapact, raw subsoil exposed 7 

Gully formation 

No gulUes Q 
Occasional small ahallow g u l l U s but well healed with vegetation.,,., I 
Occasional shallow g u l l i e s , , . , . , , *••«*• *44*« 2 
Occasional deop g;ullia3 » **•*•*•>< > 3 
Frequent g u l l i e s , ahallow *......*.... *. 5 
Frequent deep V- or U- shaped guUles 7 

Slope angle 

0-20 i . , . , 
20-35^... 

35-60̂  
60% and above. 

son. INDICATORS I 

Organic l i t t e r on s o i l surface between plants 

Very abundant 1 
Comon 2 
Scare 3 
Hone,« k 

Evidence of wave action 

Nornal or below t 

IHTiRPRETATIOJI OF TOTAL SCORE 

Excellent.. 
Good , 

.7-18 
,.19-30 

Abundant . . . 2 Excessive ,,.3 

Onsatlsfactor/ or f a i r 31-'*2 

Poor ^y-^^ 

Other CoOTentsi 

( A f t e r Parker and Woodhead, 1944) 

Figure 1. Locations of sampling p o i n t s along the Great Lakes. 



Table 2. Sampling points along the Croat Ukoï 3hor<-linn 

Sampling 

Point County/State 

LttVc Sup orlo r "• 

1 Bayfield, Wisconsin West of Fish Crock mouth on State Route 13 

2 Bayfield, Wisconsin 2.5 nilo s west of Port Wing on State Route 13 

3 

4 

Bayfield, Hlsconsin 

Bayfield, Wisconsin 

North of Port King and oast of lighthouse 

'Herbster 

s Bayfield, Wisconsin Cornucopia 

6 Marquotto, Michigan Buckroc 

7 Marquette. Michigan 32 miles west of Munising on State Route 28 
8 Alger. Michlfian l l miles west of Munising on State Route 23 
S Alger, Michigan Grand Marais State Park 

10 Chippewa. Michlean Whitefish Point 

U k e Mle iijan 

n Kewaunee, Wisconsin Kewaunee 

12 Lake, a U n o l s I l l i n o i s Bench State Park 

X3 Cook, I l l i n o i s Cloncoc 

14 Cook, I l l i n o i s Kenilworth 

15 Porter, Indiana Porter 

16 Berrien, Michigan New Buffalo 

17 Berrien. Michigan Union Pier 

18 Berrien, Michigan Warren [Junes State Park 

19 Berrien. Michigan St, Joseph 

30 

21 

Van Burcn, Michigan 

Enoaet. Michican 

4.S n i l e s south of Grand Haven. Van Buren State Park 

Cec i l Bay 

Lake Huro 

22 Mackinac, Michijan 38 miles east of State Route 134, 1-75 Interchange 
on State Route 134 

23 Mackinac. Michigan 3.4 miles east of State Route 134. 1-75 Interchange 
on State Route 134 

24 Presque I s l e . Michigan 6.7 miles northwest of Huron Beach on U.S. 23 
2S Prcsquc I s l e , Michigan S.g miles northwest of Huron Beach on U.S. 23 

26 Presque I s l e , Michigan 2.B mllos northwest of Huron Beach on U.S, 23 

Uke E r i c 

27 Monroe. Michigan S t e r l i n g State Park 

28 Ottawa. Ohio Crane Creek State Park 

29 E r i e , Ohio 2.7 miles west of junction of State Route 60 and 
State Routes 2 and 6 in Vermilion 

30 E r i e . Ohio 
1 mile west of junction of Static Route 60 and State 
Routes 2 and 6 in Vermilion 

31 Lorain, Ohio 
i'^Lo'^^^^ °^ junction of State Route 611 and * 

32 Lorain, Ohio 0 . 8 ^ i l e west of junction of State Route 6 and 57 

33 Cuyahoga, Ohio Huntington Park. Cleveland 

34 

35 

Uke. Ohio 

Uke, Ohio 

Headlands State Beach Park, Falrport Harbor 

Madison-on-the-Uke 

36 Ashtabula, Ohio Ccncva-on-the-Uke 
37 Aahtabul*, Ohio Ashtabula 

38 Ashtabula, Ohio Conncaut 

39 E r i e . Pennsylvania Prosquo I s l e State Park 

40 E r i e , Pennsylvania Frccport Yacht Club junction o f State Routes 5 and 89 
41 Chautauqua. New York Ripley 

42 Chautauqua, New York Barcelona 

43 Chautauqua, New York Uke Er i e State Park 
44 Chautauqua, New York Dunkirk 

4S E r i e , New York Evangola State Park 

U ke Ontari O 

46 Niagara. New York Cooildgo Beach 

47 Niagara, New York Roosevelt Beach 

48 Niagara, New York Wilson 

49 Niagara, New York Ukoview 

SO Orleans. New York Shadlgee 

SI Orleans. New York Lakeside 

52 Monroe. New York Homlin Beach State Park 
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Wave a c t i o n and erosion appeared minimal along the Michigan shore 
between Marquette and Big Bay. The c o a s t l i n e was f o r e s t e d , w i t h a 
narrow beach. Generally, f o r e s t s extended t o the h i g h water l i n e w i t h 
no evidence o f severe shore erosion. 

Sand dunes o f the Grand Sable Banks near Grand Marais, Michigan, 
are s u b j e c t t o blowouts ( F i g . 2) and wind erosion. The shore a t 
W h i t e f i s h P o i n t , Michigan, i s r e l a t i v e l y f l a t and i s eroding. Rock was 
exposed i n many areas, but where v e g e t a t i o n e x i s t e d , i t r e t a i n e d small 
mounds o f sand; t h i s area showed some o f the most successful examples 
of sand r e t e n t i o n by v e g e t a t i o n . 

No emergent hydrophytes were observed on the Lake Superior shores. 

Extensive beach areas n o r t h o f Port Wing, Wisconsin, are s t a b i l i z e d 
by the t e r r e s t r i a l codominants beach-pea (Lathyrus maritimus) and w i l d 
rye (Elymus motlis). A low topographic r e l i e f enhanced land s t a b i l i z a ­
t i o n by both rhizoraatous p e r e n n i a l s . Dense rhizomatous mats o f b l u e -
j o i n t (CaZamagrostis canadensis), p r a i r i e sandreed (Catamovilfa longi-
foVia), brome grass (Bromus haZmii), and rush (Junous baltious) were 
observed a t Cornucopia, Wisconsin. These heterogeneous stands close t o 
the wave-shore i n t e r f a c e p r o v i d e d e x c e l l e n t c o n t r o l against surface 
r u n o f f . 

Eleven miles west o f Munising, Michigan, i s a sandy shore s t a b i l ­
i z e d by w i l d rye and sand c h e r r y (Prunus -pumila). Invasion o f the 
secondary c o l o n i z e r , sand ch e r r y , i s s u c c e s s f u l l y s t a b i l i z i n g the s o i l 
( F i g . 3 ) . A c t i v e sand dune blowouts, s t a b l e sand dunes, and successional 
p l a n t establishment were found a t Grand Marais State Park, Michigan. 
Pioneer sand s t a b i l i z e r was again w i l d r y e . The l e e si d e o f a c t i v e 
dunes was colonized by the herbaceous pioneer tansy (Tanaoetum huronense) 
and t he secondary c o l o n i z e r s sand c h e r r y and heart - l e a v e d w i l l o w (Salix 
aordata). T e r t i a r y species were l i m i t e d t o balsam p o p l a r (Populus 
balsamifera). At W h i t e f i s h P o i n t , Michigan, abrasion by blowing sand 
l i m i t e d v e g e t a t i v e v i t a l i t y and d i v e r s i t y , although the low-habit f a l s e 
heather (Hudsonia tomentosa), along w i t h scouring rush (Equisetum 
hyemale) and w i l d r y e , were vigorous enough t o impede t he wind and accum­
u l a t e appreciable sand mounds. 

Some bank erosion along the Lake Superior shore was caused by seep­
age ( F i g . 4) and wave scouring ( F i g . 5 ] . Only one s t r u c t u r e was noted, 
r i p r a p t o abate bank erosion near the S t a t e highway a t Herbster, Wiscon­
s i n . The treatment appeared s u c c e s s f u l ; t h e bank was s t a b i l i z e d , w i t h 
v e g e t a t i o n w e l l e s t a b l i s h e d between t he r i p r a p and road t o prevent 
er o s i o n due t o surface r u n o f f . 

2. Lake Michigan. 

Kewaunee County shores south o f Kewaunee, Wisconsin,were h i g h , 
n e a r - v e r t i c a l b l u f f s o f g l a c i a l t i l l w i t h exposed sand and g r a v e l lenses. 
During wet periods, the lenses become wa t e r - s a t u r a t e d and seepage along 
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the b l u f f causes slumping o f the s o i l and, a t times, l a r g e l a n d s l i d e s . 

Shore c o n d i t i o n s o f Lake Michigan from Milwaukee, Wisconsin,to 
Muskegon, Michigan,varied from s l o p i n g beaches t o severely eroding 
b l u f f s . The s h o r e l i n e o f C e c i l Bay was not severely eroding; t h e bay 
formed a p r o t e c t e d area w i t h a r e l a t i v e l y f l a t bottom f o r a consider­
able distance from shore. 

Two emergent hydrophytes, g r e a t b u l r u s h (Scirpus aautus) and spike 
rush (Eleooharvs palustris) were observed a t C e c i l Bay, Michigan. 

Vigorous stands o f w i l d r y e were present a t the p u b l i c beach a t 
Kewaunee, Wisconsin, d e s p i t e p u b l i c l a n d use pressures. At I l l i n o i s 
Beach State Park, d i v e r s e p l a n t species enhanced sand accumulation. 
The pioneer w i l d r y e and the secondary invaders, creeping cedar 
(Juniperus hoT-izontalis), f a l s e Solomon's seal (Smilaeina stellata), 
sandbar-willow (Salix inteTVOT), pepper-grass (Lepidvim vi-rgi-niovm), 
w i l d rose (Rosa hlanda), f o r e s t - g r a p e (Vitis riparia), sand c h e r r y , 
and bearberry (Arotostaphylos uva-ursi) were w e l l e s t a b l i s h e d . W i l d 
r y e , an e x c e l l e n t sand b i n d i n g grass, was present a l s o a t P o r t e r , 
Indiana. 

Steep, unstable sandy b l u f f s are a problem a t New B u f f a l o , Michigan, 
but t h e sand cherry e s t a b l i s h e d on the more g e n t l e cap has increased 
slope s t a b i l i t y , thereby r e t a r d i n g t h e sloughing process. High water 
toe l i n e s were s t a b i l i z e d by f o r e s t - g r a p e and r e d o s i e r dogwood (Comus 
stoZonifera) a t Union P i e r , Michigan. S t a b i l i z e d dunes were noted a t 
Warren Dunes State Park, Michigan. There, t he dominant rhizomatous 
grass, p r a i r i e sandreed, p r o v i d e d a wind impediment r e s u l t i n g i n sand 
acciamulation and dune s t a b i l i z a t i o n . 

The S o i l Conservation Service a t Kewaunee, Wisconsin, has success­
f u l l y s t a b i l i z e d shores by dewatering t h e g l a c i a l t i l l , s l o p i n g t h e 
face o f the b l u f f s , and seeding t h e reshaped slopes ( F i g . 6 ) . I n 
t h i s case, dewatering i s the key f a c t o r and i s e s s e n t i a l t o c o n t r o l 
e rosion caused by seepage. 

At t h e Ke n i l w o r t h , I l l i n o i s , P u b l i c Water Works, a concrete seawall 
and g r o i n have been b u i l t ( F i g . 7 ) . A p r i v a t e r e s i d e n t i a l beach 
f r o n t e d t h e seawall, but the rec e n t r i s e i n water l e v e l has reduced the 
beach t o a small area adjacent t o the g r o i n . This seawall has success­
f u l l y c o n t r o l l e d bank er o s i o n . 

About 4.5 miles south o f Grand Haven, Michigan, a h i g h sandbank 
o v e r l i e s a f i r m c l a y base; r a i n f a l l r a p i d l y eroded the unprot e c t e d sand, 
and g u l l i e s developed i n the shore. P u b l i c access w i l l i n f l u e n c e what 
type o f v e g e t a t i o n i s used here. 

3. Lake Huron . 

The n o r t h e r n shores o f Lake Huron, from i t s j u n c t i o n w i t h I n t e r ­
s t a t e Highway 75 t o De Tour V i l l a g e , Michigan,(and adjacent t o State 
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Highway 134), i s about 43 miles long. The shore consists o f low p l a i n s 
and some outcrops o f limestone and dolomite. None o f the s i t e s 
inspected had severely eroding s h o r e l i n e s . 

A second survey was made along U.S. Highway 23 from Mackinaw C i t y , 
Michigan,to Hammond Bay, where the shore i s p o t e n t i a l l y e r o d i b l e even 
though stony. Although the banks appeared t o be e a s i l y e r o d i b l e , t h e r e 
was l i t t l e evidence o f severe e r o s i o n , and grasses and broadleaved 
p l a n t s were observed i n the sandy reaches. 

A g e n t l y s l o p i n g shore 3.5 miles east o f State Route 134 and the 
I n t e r s t a t e 75 interchange provided s u i t a b l e h a b i t a t f o r b l u e j o i n t , 
great b u l r u s h , and rush ( F i g . 8) . Although b l u e j o i n t and rush are 
f l o o d - t o l e r a n t , they are not important species f o r wave a t t e n u a t i o n . 

About 38 miles east o f the State Route 1 3 4 - I n t e r s t a t e 75 i n t e r ­
change, pioneer, secondary, and t e r t i a r y t e r r e s t r i a l species were ob­
served. Rhizomatous, herbaceous pioneers included w i l d r y e and b l u e -
j o i n t . Secondary species i n c l u d e d creeping cedar, f a l s e Solomon's 
sea l , sand c h e r r y , and bearberry. The invading arborescent t e r t i a r y 
species was balsam f i r (Abies balsamea). Pioneer species such as 
silver-w e e d (PotentilZa anserinaj c l o s e l y associated w i t h t h e land-water 
i n t e r f a c e were observed a t 6.7 m i l e s northwest o f Huron Beach, Michigan, 
on U.S. Route 23.' Other sampling p o i n t s along Lake Huron were a t 5.9 
and 2.8 miles northwest o f Huron Beach, Michigan, on U.S. Route 23. 
Plants observed a t the former s i t e i n cluded wheat grass (Agropyron 
dasystaahyim), w i l d r y e , f a l s e Solomon's s e a l , sand cherry, beach-pea, 
and r e d o s i e r dogwood; the l a t t e r s i t e contained w i l d r y e , h e a r t - l e a v e d 
w i l l o w , sand cherry, and bearberry. 

4. Lake E r i e . 

Severe bank erosion was evident along a l l o f the Lake E r i e shore 
examined. The frequent wave a t t a c k on the shore prevents e s t a b l i s h ­
ment o f submergent and emergent hydrophytes t h a t might be used f o r 
eros i o n c o n t r o l . 

T e r r e s t r i a l p l a n t s observed along the Lake E r i e shore were c o t t o n -
wood (Populus deltoides) sandbar w i l l o w near S t e r l i n g S t a te Park, 
Michigan, and cottonwood and w i l d rye a t Presque I s l e State Park near 
E r i e , Pennsylvania. None o f these p l a n t s was e.xposed t o waves. 

A breakwater j e t t y a t Ashtabula, Ohio, produced a s t i l l i n g e f f e c t 
between the s t r u c t u r e and the shore, p r o v i d i n g h a b i t a t f o r reed 
( F i g . 9 ) . 

5. Lake O n t a r i o . 

Wave a c t i o n and erosion along Lake Ontario shores were as severe 
as along Lake E r i e shores; no e r o s i o n - c o n t r o l l i n g h y d r o p h y t i c or 
t e r r e s t r i a l p l a n t s were observed. 
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At Hamlin Beach State Park, New York, a high sandbank was graded t o 
a slope o£ 1:12 (1 u n i t v e r t i c a l t o 12 u n i t s h o r i z o n t a l ) and seeded w i t h 
a grass m i x t u r e t o s t a b i l i z e the sand against erosion ( F i g . 10). Before 
reshaping, the sandbank v̂ âs being eroded by waves; the shore has now 
s t a b i l i z e d and i s a h e a v i l y used r e c r e a t i o n a l area. 

IV. RESULTS AND DISCUSSION 

1. L i t e r a t u r e Review . 

The most promising i n f o r m a t i o n from the l i t e r a t u r e on use o f vege­
t a t i o n f o r erosion c o n t r o l was from Edminster (1949), who suggests 
p l a n t establishment t o c o n t r o l erosion o f streambanks. Mulch techniques 
to t e m p o r a r i l y c o n t r o l erosion and t o h e l p e s t a b l i s h v e g e t a t i o n , w i t h 
d e f i n i t e g u i d e l i n e s f o r e s t a b l i s h i n g and m a i n t a i n i n g v e g e t a t i o n , are 
published by the S o i l Conservation Service (1966, 1969). 

A study o f the e r o s i o n problem o f B e r r i e n County, M i c h i g a n , i d e n t i ­
f i e d problem l o c a l i t i e s and f a c t o r s c o n t r i b u t i n g to t h e problems and 
suggested c o r r e c t i v e a c t i o n (U.S. Congress, 1958). A more r e c e n t study 
f o r Lakes Michigan and Huron was made by the Michigan Water Resources 
Commission (B r a t e r and S e i b e l , 1973). That engineering study determined 
the s e v e r i t y o f e r o s i o n and the r a t e o f b l u f f recession a t s e l e c t e d 
l o c a t i o n s . The Ohio Department o f N a t u r a l Resources (1961) performed 
a s i m i l a r study f o r the Ohio s h o r e l i n e along Lake E r i e ; t h e U.S. Army 
Engineer D i v i s i o n , North Central (1971), conducted a general study o f 
erosion on a l l the Great Lakes. The U.S. Army, Corps o f Engineers 
(1971a) e s t a b l i s h e d shore management g u i d e l i n e s and also p u b l i s h e d 
g u i d e l i n e s f o r shore p r o t e c t i o n (1971b). 

Carter (1973) described and evaluated s t r u c t u r e s and n a t u r a l f e a ­
t u r e s r e l a t i v e t o e r o s i o n o f the Lake E r i e s h o r e l i n e . The State o f 
Minnesota published two r e p o r t s on shore management (Minnesota Depart­
ment o f N a t u r a l Resources, 1971a, b ) . A r e p o r t on low cost shore p r o ­
t e c t i o n f o r the Great Lakes was published by the U n i v e r s i t y o f Michigan 
(1959), and, although costs have increased, c o n s t r u c t i o n methods remain 
the same. 

L i t e r a t u r e sources (Lamson and Scribner, 1894; Cowles, 1899; 
Weaver and Clements, 1938; S o i l Conservation Service, 1974) p r o v i d e 
l i s t s o f p l a n t species p o t e n t i a l l y u s e f u l f o r erosion c o n t r o l . The 
e r o s i o n abatement p o t e n t i a l o f these i s u s u a l l y f u r t h e r enhanced i f 
several species are mixed w i t h i n an area; many o f the p l a n t s occur 
n a t u r a l l y i n a s s o c i a t i o n w i t h one or two o t h e r species. C o l o n i z i n g 
category, morphological adaptations, seasonal occurrence, and growth 
form o f p l a n t species derived from l i t e r a t u r e sources are l i s t e d i n 
Table 3. 

2. F i e l d Survey. 

a. Emergent and Submergent Vegetation. The c o a s t l i n e o f the Great 
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Table 3. Chnrnctorlstlcs of plants i d e n t i f i e d during l i t e r a t u r e review that are 
effective for erosion abatement along the Great Lakes shoreline. 

Coimnon Name S c i e n t i f i c Name Ch a r a c t e r i s t i c s 

ttheac grass Agropyron dagyetachyum Pioneer, rhi;omatous, herbaceous perennial occurring orr dunes and droughty 
s o i l ; traps sand, forms dunes 

Quack grass Agropyron reparw Pioneer, rhi:omatous, herbaceous perennial occurring along g r a v e l l y coasts; 
binds slopes 

European beachgrass Aimophila armaria Pioneer, rhliomatous, herbaceous perennial occurring along the coast; traps 
sand, forma dunes 

American beachgrass Aimophila brnviliffuUitil Pioneer, rhizomatous, herbaceous perennial occurring on dunes 

L i t t l e blucstcn Andropogon ecopariua Pioneer, rhizomatous, herbaceous perennial occurring in open f i e l d s and 

Bearberry AratoatiXphytoe uva-urai Secondary, perennial woody shrub occurring on sand and exposed rock; foras 

Smooth brcntc grass BromuB ir^arvla Pioneer, rhiiomatous-stoloniferous, herbaceous perennial occurring along 
roadsides and f i e l d s ; forms t u r f , s t a b i l i z e s Slopes 

P r a i r i e sandreed Catatrtovitfa lanffifalia Pioneer, rhizomatous, herbaceous perennial occurring on sand, often with 
European beachgrass; traps sand 

Buttonbush CcphaUinthua ocddantalig Secondary, perenniol woody shrub occurring i n swamps ond strean banks; 
slowly accumulates sand and creates dunes 

Inland sea oats OuxoTtanChium latifoHim Pioneer, rhizomatous, herbaceous perennial occurring i n «wist woods and 
low thi c k e t s ; binds streams and r i v e r banks 

Indian reed grass Cinna arundinacaa Pioneer, rhizomatous, herbaceous perennial occurring in n o i s t woods and 
shaded swamps; binds streams and r i v e r banks 

Red o s i e r dogwood Comue otolonifarv Secondary, stolonlfcrous, perennial woody shrub occurring i n t h i c k e t s and 
on shores; 'forms dunes 

PersiesBon Dioapt/roa virginiana T e r t i a r y , perennial tree occurring on abandoned f i e l d s ; e f f e c t i v e f or dune 
s t a b i l i z a t i o n 

Autumn o l i v e Elacagnua wrhatlata Secondary, perennial woody shrub occurring i n thi c k e t s and on roadside 
banks; e f f e c t i v e for dune s t a b i l i z a t i o n 

Sea IjTiie grass, c i r c a 189^ 
(Wild rye) 

Elymua arcnariua 
(E. mollU} 

Pioneer, rhizomatous, herbaceous perennial occurring on sandy beaches; 
.often grows with European beachgrass 

tfi Id rye Elynjuo canadcnaie Pioneer, rhizomatous, herbaceous perennial occurring on sandy, g r a v e l l y , 
rocky s o i l ; s t a b i l i z e s sandy surfaces 

Black huckleberry Gayluooana baccata Secondary, perennial woody shrub occurring in woods, t h i c k e t s , and 
clearing s ; often occurs with junipers to form dunes 

Rush Jtmcuo baZticuo Pioneer, rhizomatous, herbaceous perennial occurring on sandy, brackish 
to freshwater shores; forms small dunes 

Juniper Junipama ccvnunio Secondary, perennial woody shrub occurring on droughty s o i l s ; fonas dunes 

Knot-root grass Muhlenhcrgia mexicana Pioneer, rhizomatous, herbaceous perennial occurring along shores, 
t h i c k e t s , damp c l e a r i n g s , and sandy s o i l s 

No comaon name Paronychia ;aneaa-C Secondary, perennial woody shrub occurring on rock slopes, breaks, dunes, 
and clay s o i l s ; adapted to gravelly s o i l s 

Reed canary grass Phalaria csr^ndinaaaa Pioneer, rhizomatous, herbaceous perennial occurring along shores, swales, 
and meadows; controls stream bank erosion 

CoaB>on reed grass Fhragnrltce auatrali-a Pioneer, rhizomatous. herbaceous perennial; s i m i l a r to Tocd canary grass 

Japanese black pine Pinua thuKgcrgii T e r t i a r y , perennial tree; h o r t i c u l t u r a l ; e f f e c t i v e for dune s t a b i l i z a t i o n 

Kater snaVtweed Polygonum cnrphibium Secondary, rhizomatous. herbaceous perennial occurring i n meadows, swaaps, 
shores, and ditches; traps sand and forms dunes 

Balsam poplar Fopulue bcLlaoïïifara T e r t i a r y , perennial tree occurring along r i v e r banks; forms dunes 

Silver-weed Potanti-lla anaeri-na Pioneer, s t o l o n l f c r o u s . herbaceous perennial occurring on sandy shores 
and banks; traps sand, forms dunes 

Beach plum Prunus maritxma. Secondary, perennial woody shrub occurring on coastal sandy s o i l s ; 
e f f e c t i v e for sand dune s t a b i l i z a t i o n 

Sand cherry Prunua purriZa Secondary, perennial woody shrub occurring on dunes, sand, and calcareous, 
rocky shores; dune builder 

'Amot' b r i s t l y locus^ nohinia f f t r t i l i a 
(E. kiopida} 

T e r t i a r y , perennial tree occurring in dry woods, t h i c k e t s , and on sl o p e s j 
e f f e c t i v e for sand dune s t a b i l i z a t i o n 

Heart-leaved willow Salix aordata Secondary, perennial woody shrub occurring on gr a v e l l y , sandy shores, 
teaches, and dunes; dune builder 

Dune willow Salix glaucophylloidee Secondary, perennial woody shrub occurring on gr a v e l l y shores, t h i c k e t s , 
and mainly on calcareous s o i l s ; dune builder 

Cordgrass Spartina pactinata Pioneer, rhizomatous, herbaceous perennial occurring along shores, i n 
swamps and wet p r a i r i e s ; sand s t a b i l i z e r 

Forest-grape Vitio viiZpina Secondary, perennial woody shrub occurring along r i v e r bonks, i n bottoa-
lands ond t h i c k e t s ; checks advance of sand on protected sand dune slopes 
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Lakes i s mostly abrupt, although, t h e r e are some p r o t e c t e d areas on the 
n o r t h e r n shore o f Lake Huron and also a t C e c i l Bay west o f Mackinaw 
C i t y , Michigan. These p r o t e c t e d areas have shores conducive t o aquatic 
p l a n t growth but the g e n t l e a c t i o n o f the water t h e r e has r e s u l t e d i n 
no erosion hazard. Thus, areas where a q u a t i c p l a n t s w i l l s u r v ive 
are not areas o f primary concern r e l a t i v e t o erosion. Where ero s i o n 
and s h o r e l i n e recession i s a major problem, the c o a s t l i n e c o n d i t i o n s 
and wave a c t i o n prevent growth o f hydrophytes, e s p e c i a l l y submergent 
p l a n t s . 

Wave a c t i o n along the shores o f Lakes Superior, E r i e , and Ontario 
prevents establishment o f any hydroph>tic p l a n t s t h a t might have 
e r o s i o n - c o n t r o l l i n g p r o p e r t i e s . 

Lakes Michigan and Huron have some p r o t e c t e d bays and i n l e t s s u i t ­
able f o r emergent and submergent v e g e t a t i o n . Plants observed t h e r e 
were herbaceous t e r e t e species. Other p l a n t s , such as great b u l r u s h , 
spike rush, and b u l r u s h , w i l l e s t a b l i s h t h e r e i f the shore i s g e n t l y 
s l o p i n g . 

A g e n t l y s l o p i n g shore on Lake Huron 3.5 miles east o f the State 
Route 134 and I n t e r s t a t e 75 interchange provided h a b i t a t f o r b l u e j o i n t , 
g r e a t b u l r u s h , and rush. These p l a n t s w i l l not wi t h s t a n d harsh wave 
a c t i o n ; they cannot be considered s u i t a b l e ' f o r wave a t t e n u a t i o n . 

One o f the few e x c e l l e n t h a b i t a t s f o r emergent hydrophytes was 
found on Lake Michigan a t C e c i l Bay, where great b u l r u s h and spike rush 
were ve r y e f f e c t i v e i n wave dampening. 

b. T e r r e s t r i a l Vegetation and Shore A l t e r a t i o n s . The a b i l i t y o f 
a s h o r e l i n e t o r e s i s t erosion, or i t s r e s i l i e n c y t o water dynamics, de­
pends upon the composition o f m a t e r i a l making up the shore f r o n t and the 
a d a p t a b i l i t y o f i t s v e g e t a t i o n . The eros i o n r e s i s t a n c e o f the Great 
Lakes shores diminishes from the rock b l u f f s and rocky s h o r e l i n e s o f 
Lakes Superior and Huron, t o the sandy beaches o f Lake Michigan, t o the 
s i l t y - c l a y b l u f f s along Lake E r i e . S i m i l a r l y , t h e erosion abatement 
p o t e n t i a l o f the t e r r e s t r i a l v e g e t a t i o n v a r i e s from l o c a t i o n t o l o c a ­
t i o n along the Great Lakes shores. 

Q u a l i t a t i v e evaluations o f the e r o s i o n - c o n t r o l l i n g p o t e n t i a l o f 
each v e g e t a t i v e species were obtained -in situ using the scorecard 
(Table 1 ) . Species found d u r i n g the f i e l d survey are l i s t e d i n Table 4, 
and an average s i t e index o f the observed species i s given i n Table 5. 
Vegetative species c l a s s i f i e d as e x c e l l e n t f o r erosion abatement i n 
t h e i r e c o l o g i c a l l y adapted areas i n c l u d e d balsam f i r m , j u n i p e r , creep­
i n g cedar, brome grass, reed (Pkragmites eommunis), w i l d r y e , b l u e -
j o i n t , p r a i r i e sandreed, spike rush, g r e a t b u l r u s h , rush, balsam 
p o p l a r , cottonwood, speckled a l d e r (Alnus rugosa), silver-weed, beach-
pea, f a l s e heather, r e d o s i e r dogwood, and bearberry. The remaining 
species c l a s s i f i e d as good i n c l u d e scouring rush, wheat grass, w i l d 
r y e , reed canary grass (Phalaris arundinaaea), bulrush (Sairpus 
americanus), f a l s e Solomon's s e a l , sandbar w i l l o w , heart-leaved w i l l o w . 
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pepper-grass, w i l d rose, sand cherry, f o r e s t - g r a p e , and tansy. Most 
p l a n t s were observed i n heterogeneous stands w i t h no pronounced dominance 
by an i n d i v i d u a l species. 

Species most e f f e c t i v e as sand accumulators have a low-growth 
p r o f i l e w i t h minor v e r t i c a l s t r a t i f i c a t i o n . Species e x e m p l i f y i n g t h i s 
growth h a b i t i n c l u d e most grasses, j u n i p e r , creeping cedar, r u s h , 
f a l s e Solomon's s e a l , silver-weed, beach-pea, bearberry, and tansy. 

Plants common t o both l i t e r a t u r e and v e g e t a t i v e surveys were: 
w i l d r y e , p r a i r i e sandreed, reed canary grass, wheat-grass, h e a r t -
leaved w i l l o w , sand cherry, red o s i e r dogwood, balsam poplar, rush, 
bearberry, j u n i p e r (Jun-iperus communis), and silver-weed. 

Land a l t e r a t i o n has proved e s s e n t i a l f o r c o n t r o l l i n g shore and bank 
erosion i n many areas o f the Great Lakes. Near Kewaunee, Wisconsin, f o r 
example, seepage c o n t r i b u t e s t o bank f a i l u r e along Lake Michigan. The 
S o i l Conservation Service has s u c c e s s f u l l y i n s t a l l e d a deep t i l e l i n e 
t o i n t e r c e p t seepage and conduct the underground water t o Lake Michigan. 
The banks were reshaped t o an approximate slope o f 2:1 and the s o i l was 
seeded w i t h a m i x t u r e o f crown vetch and fescue to c o n t r o l surface r u n ­
o f f . S i m i l a r dewatering has been e f f e c t i v e i n urban and r u r a l areas. 
The work i s c o s t l y , e s p e c i a l l y on h i g h banks. I n time, i f seeding has 
s u c c e s s f u l l y s t a b i l i z e d s o i l on the banks, n a t i v e p l a n t species invade 
and become e s t a b l i s h e d along w i t h p l a n t e d species. 

Clay w i t h g l a c i a l overburden c o n t a i n i n g sand and g r a v e l lenses can 
be e f f e c t i v e l y dewatered p r o v i d e d t h e r e i s a discharge o u t l e t t o d i s ­
pose o f the i n t e r c e p t e d surface and seepage water. Because o f h i g h 
cost, dewatering must be c a r e f u l l y evaluated. 

The c r i t i c a l f a c t o r f o r success i n t h i s type o f s t a b i l i z a t i o n i s 
e f f e c t i v e dewatering o f the s o i l and e s t a b l i s h i n g o f v e g e t a t i v e cover 
t o prevent surface erosion. 

An example o f a Lake Michigan shore m o d i f i c a t i o n i s shown i n 
Figure 11. The s i t e was i n Racine County about 3 miles n o r t h o f Racine, 
Wisconsin. Rock was used f o r s h o r e l i n e p r o t e c t i o n t o minimize e r o s i o n 
o f the embankment. The rough steep bank was graded to a more g e n t l e 
slope and was seeded t o c o n t r o l s u r f a c e e r o s i o n . This shore f r o n t mod­
i f i c a t i o n r e q u i r e s a s o i l t h a t i s not s u b j e c t t o seepage so severe t h a t 
i t causes bank f a i l u r e . Loam s o i l i s best f o r t h i s type o f r e c l a m a t i o n . 
The best v e g e t a t i v e growth i s obtained by topdressing w i t h f e r t i l i z e r 
and i r r i g a t i n g . Where a s p e c i f i c type o f v e g e t a t i o n i s d e s i r e d , weed 
c o n t r o l may also be r e q u i r e d . This shore f r o n t r e n o v a t i o n r e q u i r e s 
constant management t o m a i n t a i n a t u r f appearance. 

Reforming and v e g e t a t i n g the beach at Hamlin State Park, New York, 
on Lake Ontario ( F i g . 10) was s u c c e s s f u l . A h i g h sandbank was r e ­
shaped t o a 1:12 slope t o reduce er o s i o n by d i s s i p a t i n g wave energy. 
The beach and i t s adjacent r e c r e a t i o n a l area were vegetated t o c o n t r o l 
surface e r o s i o n . Since t h i s s h o r e l i n e m o d i f i c a t i o n was f o r r e c r e a t i o n . 

30 

gure 11. Reformation o f rough bank (above) and 
landscaping o f s h o r e l i n e (below). 
(Courtesy o f S o i l Conservation Service.) 
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a species able t o w i t h s t a n d frequent mowing was used. This type o f 
v e g e t a t i o n r e q u i r e s constant management. U n f o r t u n a t e l y , not a l l s o i l s 
are adapted f o r t h i s type o f erosion c o n t r o l . Coarse sands are w e l l 
adapted, w h i l e s i l t and c l a y s o i l s are n ot; t h e i r very f i n e p a r t i c l e s 
are e a s i l y moved by water. 

c. V e g e t a t i o n i n Combination w i t h S t r u c t u r e s . During the f i e l d 
survey, t h r e e s t r u c t u r e s were observed t h a t were success f u l , i n com­
b i n a t i o n w i t h v e g e t a t i o n , i n c o n t r o l l i n g s h o r e l i n e erosion. The 
st3ructures were l o c a t e d on Lakes Superior, Michigan, and E r i e , and 
were o f t h r e e d i f f e r e n t types: r i p r a p , seawall w i t h g r o i n , and j e t t y . 

Near the s t a t e highway a t Herbster, Wisconsin, on Lake Superior, 
r i p r a p was i n s t a l l e d t o abate bank erosion. The r i p r a p has s t a b i l i z e d 
the bank a g a i n s t wave a c t i o n ; a w e l l - e s t a b l i s h e d v e g e t a t i v e cover has 
decreased the r u n o f f r a t e . 

Another s t r u c t u r e t h a t i s successful i n c o n t r o l l i n g bank ero s i o n 
i s a concrete seawall and g r o i n a t the K e n i l w o r t h , I l l i n o i s , P u b l i c 
Water Works on Lake Michigan ( F i g . 7 ) . Lake l e v e l increases here have 
g r e a t l y reduced a p r i v a t e beach t h a t f r o n t e d the seawall, but the w a l l 
i s v e r y e f f e c t i v e i n d i s s i p a t i n g wave energy. The dense and w e l l -
e s t a b l i s h e d v e g e t a t i o n behind the w a l l s u c c e s s f u l l y prevents surface 
r u n o f f e r o s i o n on the bank. 

On Lake E r i e , a t Ashtabula, Ohio, a j e t t y ( F i g . 9) has e f f e c t i v e l y 
dampened wave a c t i o n so t h a t a pool has formed between the shore and the 
s t r u c t u r e i t s e l f . The q u i e t e r pool area i s a d e s i r a b l e h a b i t a t f o r 
reed, which i n t u r n provides aquatic h a b i t a t and enhances the a e s t h e t i c 
q u a l i t y o f the shore. 

V. SUMMARY AND CONCLUSIONS 

Attempts t o e s t a b l i s h v e g e t a t i o n on the shores o f the Great Lakes, 
p a r t i c u l a r l y Lakes E r i e and Ont a r i o , f o r e r o s i o n abatement are not ex­
pected t o be suc c e s s f u l w i t h o u t s t r u c t u r a l wave dampening, and o f t e n , 
l a n d r e f o r m i n g . A f t e r wave f o r c e has been reduced and the s h o r e l i n e 
s t a b i l i z e d by use o f s t r u c t u r a l methods, v e g e t a t i o n can be e s t a b l i s h e d 
t o f u r t h e r s t a b i l i z e the s o i l , and thus reduce surface erosion r e s u l t i n g 
from r u n o f f . I f v e g e t a t i o n i s t o be e s t a b l i s h e d t o dampen waves and t o 
l i m i t i n l a n d wave p e n e t r a t i o n , some re f o r m i n g t o develop a gradual slope 
o f the f o r e s h o r e i s d e s i r a b l e and may be f e a s i b l e i n places. 

Establishment and maintenance o f an e f f e c t i v e v e g e t a t i v e cover on 
sandy areas w i l l r e q u i r e f e r t i l i z i n g and i r r i g a t i n g , and continuous 
maintenance w i l l be necessary. The v e g e t a t i o n s e l e c t e d must be com­
p a t i b l e w i t h t h e land use, p a r t i c u l a r l y i f the area has p u b l i c access. 
Before any attempt i s made t o s t a b i l i z e t he sand w i t h v e g e t a t i o n , the 
e f f e c t o f seepage must be evaluated t o determine i f dewatering i s 
needed f o r a f i r m sand-clay i n t e r f a c e . 
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The p r i n c i p a l use o f v e g e t a t i o n on the Great Lakes shores i s t o 
abate surface erosion caused by r u n o f f o r wind. Plants found f r e q u e n t l y 
during the survey are f a l s e Solomon's s e a l , w i l d r y e , and sand cherry. 
I n f o r m a t i o n on surface erosion and the v a r i o u s techniques f o r i t s con­
t r o l (dewatering, slope grading, sand s t a b i l i z a t i o n ) are a v a i l a b l e from 
the S o i l Conservation Service or the County A g r i c u l t u r e Extension Agent. 

Further research on use o f aquatic p l a n t s f o r erosion abatement 
on the Great Lakes shores i s not recommended because open s h o r e l i n e 
c o n d i t i o n s are not favorable f o r the growth_and maintenance o f 
intro d u c e d submergent and emergent p l a n t s . 
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