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ABSTRACT

Great Lakes coastal wetland research and efforts to restore coastal wetlands have focused primarily
on herbaceous meadows and marshes. Although swamp forests typically occur immediately inland of these
wetlands, a detailed understanding of their physiography, hydrologic regime, soil properties, vegetation, and
factors that account for the regional distribution of different swamp typesis lacking. Because swamp forests
along the Great Lakes shorelines are an integral part of the coastal wetland complex, such an understanding
would be a substantial contribution to coastal wetland restoration. Therefore, alandscape ecosystem
approach was applied to classify swamp forests along the Lake Michigan and Lake Huron shorelines.
Physiography, hydrology, soil, and vegetation was sampled in 447 plotsin 42 swamps.

A three-level, hierarchical classification was devel oped based on integration of plot data, field
reconnaissance, aerial photo interpretation, and GIS analyses. Two Major Shoreline Segments were
identified based on the occurrence of swamp forests in different landforms—former embayments along Lake
Huron and northern Lake Michigan, and drowned river mouths along eastern Lake Michigan. Each mgjor
shoreline segment was divided into a northern and southern Minor Shoreline Segment based on climatic and
physiographic characteristics. Two or three Ecosystem Types, nine ecosystemsin all, were nested within
each minor shoreline segment. Ecosystem types were distinguished based on position in relative to the lake,
and the corresponding physiography, hydrology, soil, and vegetation. Along each minor shoreline segment,
ecosystem types located closest to shore were characterized by inundation of the soil surface, a substrate of
mineral soil, and the forest canopy was dominated by hardwoods, primarily red ash and silver maple.
Ecosystems located further from shore were characterized by soil saturation, a substrate of organic soil, and
the forest canopy was dominated by conifers, primarily northern white-cedar.

Distinctness of the ecosystem types was supported by detrended correspondence analysis (DCA). The
ecosystem classification was further corroborated, and interrelationships among physical environmental
variables and species composition were determined by canonical correspondence analysis (CCA).
Hydrologic and soil variables were more important in explaining variation among ecosystems than stand
structure variables.

Analysis of historical and present land cover assisted in prioritizing restoration efforts among ecosystem
types. Although southern shorelines historically contained both hardwood- and conifer-dominated swamp,
practically al of the conifer-dominated swamp has been eliminated. Therefore, restoration of saturated,
conifer-dominated ecosystems is a high priority along southern shorelines. Along northern Lake Michigan
and Lake Huron, the historical abundance of conifer-dominated swamp was markedly greater than that of
hardwood-dominated swamp. Although substantial areas of conifer-dominated swamp remain, the remaining
areais markedly less than its historical abundance. Thus, restoration of saturated, conifer-dominated
ecosystems also is a high priority along northern shorelines. Drowned river-mouth valleys of northwestern
Lower Michigan were historically dominated by approximately equal proportions of hardwood- and conifer-
dominated swamp, and nearly equal proportions of each type have been lost. Therefore, restoration in
northwestern Lower Michigan should focus on sites with the best landscape context, or those that can be
restored at the lowest cost.

Coastal Svamp Classification and Analysis Page-i



Coastal Svamp Classificaion and Analysis Page-ii



TABLE OF CONTENTS

N S I 72 O PSSR [
LIST OF TABLES . ...ttt sttt seese e beste s s et e e eneenensesseesenbessensenseneennnrens iv
LIST OF FIGURES. ...ttt ettt ettt ae et et e s e e sessesteseenaeneeseeseesensesseasensessensensensnnensens iv
IS IO ] o T N 1 1 S %
LIST OF APPENDICES .......oot ottt tesie e e e te s e te s e et e e esessessessessessenseseeseasessessessessensassensensnneesens Vi
NN I 18 L I 1 S 1
(OTa o= o1 U= 2N o] o] 0= o o OSSPSR 1

(@ 0 1= YT 2
STUDY AREA ..ottt sttt s be s te st e st et e s e e st e s e e seebesse s e s eneeneeneeseaseaseasenbeneeneeneeneaneasentensnnennens 3
(€1= 0 Lol o= I 00 o=« A 3

R (010 )Y =SSR 4

Y N 3 ST 5
L= o Y= T S 5

== W = =SSP 7

I Lo @01y g = YA =TSR 8
RESULTS AND DISCUSSION ...ttt sttt ae st st s e sbesaesae st neens 9
[Slolol [0 o Tor= | @1 F= 1SS ] {107= A o o RSSO 9
Major and Minor SNOreling SEgMENTS .........coovriiiiiier e 9

00 YL (= 0 T I < USRS 9

ANAlYSIS Of ECOSYSIEM TYPES......ciiiiiiiiitesiest ettt r e e e nr e n e nn e 23
Ground-Cover Species COMPOSITION.........cciiieiiieeie et este s eee e e e re e sre e e tesreeeesresneessenes 23

V egetation—Environment ReElalioNShiPS.........coviuieieiiciere et ere e 25

I Lo @01y g = YA SRR 27
GENERAL DISCUSSION ..ottt sttt be ettt be bbb b st st e e 29
ECOSYStEmM ClasSifiCALION. .......c.cieeeie ettt st ae et e ae e e e tesneeneeseeeneenseneens 29
REGIONAl COMPAITSONS. ... eiiiieeieeiesieeeerte et ettt e ee e st e e steeseessesseeneeseeeneessesaeesesseeneessesneenseseeensensensens 30
(Of0r= 1S = IS VY= TaaT o 3 o 1Yo [ 0] o |V 31
Influence of Great LakeS Water LEVEIS.......cco it 31

SOil Saturation VS. TNUNAELION ........coiuiiieeiiee ettt e e e s 32

Hydrology and MicCrotopOgraphy .........ccceii ettt st sreeneas 32

RESEO ALION PriONTTIES. ... eeieieeie ettt et st e e e s te e e e eesaeeeesseeneessesneeseseeeneeneenreas 34
REQiONal COMPAITSONS ... ..ccviiieeieiiecieeie st ete et ste e ae st e eae e tesbe e e e tesaeesaesteesaestesreensesneernensesneenns 34

Additional CONSIAEIBLIONS.........eeueeiiiieiereeie ettt e et esee st e seesteeneeseesseensesaeeneensesneens 35
SUMMARY AND CONCLUSIONS ..ottt sttt st s et sse b see s s 37
[ gL oo ¥ T o] o TSP OSSR 37
Study Area and MENOUS. ..o snesne e 37
RESUITS ...ttt a e bbb £ e et e Rt Rt b bR et e bt e e Rt Re b b e n e 37
(0o To! 1U S Lo 0 LS PSSR 39
ACKNOWLEDGEMENTS. ...ttt sttt ettt b e bt st e b e e et seeneebesaente e 40
LITERATURE CITED ...ttt sttt ettt se e stessessesseneeseesessessessessensensesessessessessensenens 40
APPENDICES ... .ottt e et a e bbb e £ e e e e et e st e Rt e bt s b e b e b et et et e st e st e benbenbentene s 47

Coastal Svamp Classification and Analysis Page-iii



LIST OF TABLES

Tablel. Mean climatic variables for subsections where sampling was conducted..............ccoeervienriieeinnens 5

Table 2. Ecological classification of swamp forests along the Lake Michigan and Lake Huron
SNOTEIINES. ... ettt R e e e e e R e R e R e Rt R e e Rt ARt et n e n e n e 10

Table 3. Comparison of overstory composition among eight swamp ecosystems along the Lake
Michigan and Lake HUrOoN SNOMEIINES.........couiiiiieeese ettt st e st neeseeseeeneenne s 20

Table 4. Eigenvalues and weighted inter-set correlations for the fist two axes of canonical

correspondence analysis of 98 ground-cover species of 41 Lake Michigan and Lake Huron coastal

swamp forests, constrained by 8 environmental and stand structure variables. Variables are listed

in decreasing order of significance, as determined by Monte Carlo permutation (o = 0.05)..........cccevveieennee. 25

LIST OF FIGURES

Figure 1. Location of 42 swamp forests sampled along the Lake Michigan and Lake Huron
shorelinesin relation to regional ecosystem boundaries (ecoregion map follows Albert 1995, thick
lines delineate sections, thin lines delineate SUDSECHIONS) ........c.viieeriiiee e 4

Figure 2. Diagram of (a) circular and (b) rectangular sample plots, illustrating the location and
relative size of understory and ground-CoVer SUDPIOLS.........ccuiriiiirieriiiere e 6

Figure 3. Location of (a) five study sitesin Delta County and (b) three study sitesin Mackinac
County within former embayments along the northern Lake Michigan shoreline.........ccccoceevivieieneienne 11

Figure4. Location of (a) five study sites in southeastern Upper Michigan and (b) three study sites
in northeastern Lower Michigan within former embayments along the northern Lake Huron
SNOTEIINE. ...t E R R R e h e R R Rt r et n bbb 12

Figure5. Location of 17 study sites along the Saginaw Bay shoreline, east-central Lower
Michigan, in relalion tO BlEVALION ...........oo ettt e st e te e e eesreeneennen 13

Figure 6. Comparison of the broad, flat drowned rivermouth valley of the Betsie River,
northwestern Lower Michigan, to the narrow, steeper valley UpsStream..........ccccvceeveveeceseccese e 14

Figure 7. Minor Shoreline Segments of the Lake Michigan and Lake Huron shorelinesin relation
to subsections of Albert (1995) (letters A-D correspond to Tabl€ 2).......ceovieeiiiiiieeeee e 15

Figure 8. Comparison of the location, substrate, and overstory species composition of ecosystem

types 1 and 2 along an idealized cross-section of atransect across a beach ridge and swale

complex of the northern Lake Huron shoreline. Mean (176.4 m), maximum (177.1 m), and

minimum (175.5 m) annual lake level isindicated by a, b, and c, respectively (Bishop 1990)

(treesare NOL AraWN T0 SCAIE) ......ccuiiieiiiice sttt se e sttt e st e s e et e saeeeesteeaaesbeeseentesreennestesneensenees 16

Figure9. Comparison of the location, substrate, and overstory species composition of ecosystem

types 3 and 4 dong an idealized cross-section of atransect across a beach ridge and swale

complex of the southern Lake Huron shoreline. Mean (176.4 m), maximum (177.1 m), and

minimum (175.5 m) annual lake level isindicated by a, b, and ¢, respectively (Bishop 1990)

(trEES A€ NOL ArAWN TO SCAIE) ...veeiiiveieeeieteeee s eet et e e e ettt e s s et eeessaebeeeesaseeeessasaeeessasseeessasseeessansaeessreeessanseeessanrenessans 17

Coastal Svamp Classificaion and Analysis Page-iv



Figure 10. Comparison of the location, substrate, and overstory species composition of ecosystem

types 3 and 5 along an idealized cross-section of atransect across Heisterman Island of southern

Lake Huron. Mean (176.4 m), maximum (177.1 m), and minimum (175.5 m) annual lake level is

indicated by a, b, and c, respectively (Bishop 1990) (trees are not drawn to Scale) .........cccocveeeveeeeneecereene 18

Figure 11. Comparison of the location, substrate, and overstory species composition of ecosystem

types 6 and 7 along an idealized cross-section of atransect across the drowned rivermouth valley

of the Betsie River, northwestern Lower Michigan. Mean (176.4 m), maximum (177.1 m), and

minimum (175.5 m) annual lake level isindicated by a, b, and ¢, respectively (Bishop 1990) (trees

o ol Lo R0 (= Y T (o TR o= ) SR 19

Figure 12. Ordination of 41 Lake Michigan and Lake Huron coastal swamp forests of 7
ecosystem types along the first 2 axes of detrended correspondence analysis of 98 ground-cover

Figure 13. Ordination of 41 Lake Michigan and Lake Huron coastal swamp forests of 7

ecosystem types derived from canonical correspondence analysis of 98 ground-cover species and

8 environmental and stand structure variables (arrows indicate the direction and magnitude of the

influence of environmental and stand structure variables; variable codes are the same as those

TS (= WA 1= o 1 ) OO PTPRR 26

Figure 14. Comparison of historical land cover (Comer et a. 1995a) among four minor shoreline
segments (minor shoreline segment letters correspond to Table 2 and Figure 7; land cover was
calculated for al land at elevations below 180 m and contiguous to the ShOre) ..........ccceevveeveiecciece s 27

Figure 15. Comparison of present land cover (MDNR 2001) within areas identified as (a)

hardwood- and (b) conifer-dominated swamp in GLO survey records (Comer et a. 1995a) among

four minor shoreline segments of the Lake Huron and Lake Michigan shorelines (minor shoreline

segment letters correspond to Table 2 and Figure 7; land cover analysis was conducted for land at

elevations below 180 m and contiguouSto the SNOTE) .........cceveeieii i 28

LIST OF PHOTOS

Photo 1. High water marks on ared ash tree in the drowned rivermouth valley of the Kalamazoo
River, Allegan Co., MIChIGaN ..........ooii e sttt s re e e e tesneeeenrs 7

Photo 2. Ecosystem 2 at Ossineke, Alpena Co., Michigan, illustrating the low density of small
trees and continuous, graminoid-dominated ground-cover vegetation. Trees are larger and denser
0N the adjacent UPIand FIAGE ... .o oottt ee e e aeene e e e sne et e seesneeneeneen 21

Photo 3. Ecosystem 5 on Heisterman Island, Huron Co., Michigan, illustrating the low density of
small trees, absence of shrubs, and graminoid-dominated ground COVEN...........coooeririereneecese e 21

Photo 4. Comparison of water level of ecosystem 3in (a) mid June and (b) late July. Shrub layer

isvirtually absent and ground-cover vegetation is patchy with low species diversity due largely to

the combined influence of soil surface inundation in the growing season and relatively high tree

(072 1010 0V e 01V =" [T 21

Coastal Svamp Classification and Analysis Page-v



Photo 5. Comparison of ecosystem 6 in the drowned rivermouth valley of the Manistee River,

northwestern Lower Michigan, to the first bottom of the Manistee River floodplain upstream,

illustrating the lack of anatural levee, widely scattered trees, numerous standing dead trees, and
sedge-dominated ground-cover in the rivermouth valley (aand b), and higher tree density with

forb- and graminoid-dominated ground cover upstream (c). In the drowned rivermouth valley of

the Betsie River, ecosystem 6 is characterized by widely scattered red ash trees are interspersed

with dense clumps of speckled alder and sedge-dominated openings (d)..........cccovveeereneere s e 22

Photo 6. Ecosystem 8 in the drowned rivermouth valley of the Kalamazoo River, southwestern
Lower Michigan, illustrating (a) low tree density and the absence of a shrub layer, and (b) a
typical soil profile, with ashallow layer of fine textured aluvial soil over sand ...........ccccceveveeceic e, 22

Photo 7. Ecosystem 1 illustrating (a) high tree density and dominance by northern white-cedar at
Ogontz North, Delta Co., Michigan, (b) sphagnum hummaocks at Seiner’s Point, Mackinac Co., (c)
atypica soil profile, with a shallow layer of sapric muck over fine sand with limestone cobbles at

Portage Bay, Delta Co., and (d) multiple tree blowdown at Seiner' s POINt...........cccccvveeiiiieieseece e 23
Photo 8. Ecosystem 7 along the Big Sable River, Mason Co., Michigan, illustrating high tree

density and the abundance of cinnamon ferninthe ground COVEr...........cccovviiece e 25
Photo 9. Adventitious roots on red ash treesin ecosystem 3 at Kirk Road, Tuscola Co., Michigan.............. 31

LIST OF APPENDICES

Appendix Al. Comparison of the broad, flat drowned rivermouth valley of the Betsie River,
northwestern Lower Michigan, to the narrow, steeper valley UpStream..........ccceeveveeceveceese e 49

Appendix A2. Comparison of the broad, flat drowned rivermouth valley of the Manistee River,
northwestern Lower Michigan, to the narrow, steeper valley upsStream..........ccooceeveieeeenenene e 50

Appendix A3. Map of the drowned rivermouth of the Big Sable River, where a dam at the outlet
of Hamlin Lake has caused water of Hamlin Lake to submerge most of the natural drowned
FIVEIMOULN VAITEY ...ttt sttt et et et e et et e see e e e seeeaeemeesseeneensesneeneeseeenes 51

Appendix A4. Comparison of the broad, flat drowned rivermouth valley of the Pere Marquette
River, northwestern Lower Michigan, to the narrow, steeper valley upstream ............ccooovveeivieinveeceneeneee 52

Appendix A5. Comparison of the broad, flat drowned rivermouth valley of the Muskegon River,
southwestern Lower Michigan, to the narrow, steeper valley UpStream...........ccoooereieieinienene e 53

Appendix A6. Comparison of the broad, flat drowned rivermouth valley of the Kalamazoo River,
southwestern Lower Michigan, to the narrow, steeper valley upStream...........ccoeoevveeeneneecce e 54

Appendix B. Ecological classification of swamp forests along the Lake Michigan and Lake
HUION SNOTEIINES ...ttt b bbbttt b bt bt st b et e b et bt e b e bt st e n b e b e e et e 55

Appendix C. Descriptions of landscape ecosystem types along the Lake Michigan and Lake
HUFON SNOTEIINES.......ccei bbbttt b b e b e 56

Appendix D1. Comparison of large understory composition among eight swamp ecosystems
along the Lake Huron and Lake Michigan SNOMEIINES..........euiieeeiiiiceie ettt eee e s st e s seae e e s sesaaeesseseee s 77

Coastal Svamp Classificaion and Analysis Page-vi



Appendix D2. Comparison of small understory composition among eight swamp ecosystems
along the Lake Huron and Lake Michigan ShOrelings............ooeooeiiii i 78

Appendix E1. Comparison of overstory species composition among 15 swamp forests of
ecosystem type 1 and 1 swamp of ecosystem 2 along the northern Lake Michigan and Lake Huron
SNOMEIINES ...ttt h R b h R R R R e bR R Rt Rt r et E b 79

Appendix E2. Comparison of overstory species composition among 16 swamp forests of
ecosystem type 3, 1 swamp of ecosystem 4, and 1 swamp of ecosystem 5 along the southern Lake
HUFON SNOTEITNE. ...ttt ettt et ettt et e e e aeen e e s eeeae e eesaeemeenseaaeensenseeneenseseeensenreas 80

Appendix E3. Comparison of overstory species composition among three swamps of

ecosystem type 6 and two swamps of ecosystem 7 along the eastern Lake Michigan shorelinein

northwestern Lower Michigan, and two swamps of ecosystem 8 and a groundwater seepage along

the margin of the Kalamazoo River floodplain upstream of the rivermouth, southwestern Lower

1Yo T = RSSO 81

Appendix F1. Comparison of overstory species composition among eight swamp forests sampled
along the northern Lake Michigan shoreline in 2003 (percentages of total stem density and basal
e s e R Al 0 = 110=-S =) IS 82

Appendix F2. Comparison of large understory (1.6-9.0 cm dbh) species composition among
eight swamp forests sampled along the northern Lake Michigan shoreline in 2003 (values are
stems/ha, percentage of total stem density iSin ParentNeSeS) ......cecvvvveeceie e 84

Appendix F3. Comparison of small understory (taller than 50 cm and < 1.5 cm dbh) species
composition among eight swamp forests sampled aong the northern Lake Michigan shorelinein
2003 (values are stems/ha, percentage of total stem density iSin parentheses).........ccccevveeeveiicceseceesiee 85

Appendix F4. Comparison of ground-cover species composition among eight swamp forests
sampled along the norhtern Lake Michigan shoreline in 2003 (values are frequency (%), average
percent COVErage iSiN PAIrENMENESES) .......cviieiieie ettt e sttt e ee e e te e e e e s aeeeeseeeneeseesseesesaeeneeneesneeneesees 86

Appendix G1. Comparison of overstory sepcies composition among eight swamp forests
sampled along the northern Lake Huron shoreline in Northern Lower Michigan and eastern Upper
Michigan in 2002 (percentages of total stem density and basal areaare in parentheses) ...........cccccevcveeeenee. 89

Appendix G2. Comparison of large understory (1.6-9.0 cm dbh) species composition among
eight swamp forests sampled along the northern Lake Huron shoreline in 2003 (values are
stems/ha, percentage of total stem density iSiN PAreNthESES) .......ccvveiiririier e 92

Appendix G3. Comparison of small understory (taller than 50 cm and < 1.5 cm dbh) species
composition among eight swamp forests sampled along the northern Lake Huron shorelinein
2002 (values are stems/ha, percentage of total stem density iSin parentheses)..........cecevveceevevicveseceeseee 93

Appendix G4. Comparison of ground-cover species composition among eight swamp forests
sampled along the northern Lake Huron shoreline in 2002 (values are frequency (%), average
percent COVErage iSiN PArENINESES) .......cuiieiieieceere sttt e st et esbe e e e s reeaaestesseebesreeneeseesneeneenen 94

Appendix H1. Comparison of overstory species composition among 11 swamp forests sampled

along the southern Lake Huron shoreline in 2003 (percentages of total stem density and basal area
YAl 0= (= 411815 <) F TR 99

Coastal Svamp Classification and Analysis Page-vii



Appendix H2. Comparison of understory sapling (1.6-9.0 cm dbh) composition among 11
coastal swamp forests sampled along the southern Lake Huron shoreline in 2002 (values are
saplingg/ha, percentages are iN PAreNtNESES) ..........coviiiiriieree e s

Appendix H3. Comparison of small understory (taller than 50 cm and < 1.5 cm dbh) composition
among 11 coastal swamps aong the southern Lake Huron shorelinein 2002............ccccoeviiieveieeceseseenins

Appendix H4. Comparison of ground-cover species composition among 11 swamp forest along
the southern Lake Huron shoreline in 2003 (values are frequency (%), average percent coverageis
LI 0= 1TSS =) S

Appendix I 1. Comparison of overstory species composition among seven swamp forests sampled
along the southern Lake Huron shoreline in 2002 (percentages of total stem density and basal area
QNN PAENENESES) ... eeeiecieciecte ettt e et e e e st e sae e s teete e be s bt eseestesaeesesaeensesreeseeaseesaeteaneentesreenrenreas

Appendix 12. Comparison of large understory (1.6-9.0 cm dbh) species composition among
seven swamp forests sampled along the southern Lake Huron shoreline in 2002 (values are
stems/ha, percentage of total stem density iSiN PAreNthESES) ........ccvevririeirere s

Appendix | 3. Comparison of small understory (taller than 50 cm and < 1.5 cm dbh) species
composition among seven swamp forests sampled aong the southern Lake Huron shorelinein
2002 (values are stems/ha, percentage of total stem density iSin parentheses) .........coveevvveceeveieeveseeciesens

Appendix 14. Comparison of ground-cover species composition among seven swamp forests
sampled along the southern Lake Huron shoreline in 2002 (values are frequency (%), average
percent coverage iSin PArENtNESES) ..o ittt sae e ne e e ne

Appendix J1. Comparison of overstory species composition among eight swamp forests sampled
along the eastern Lake Michign shoreline in 2003 (percentages of total stem density and basal
AEAAE TN PAIENTNESES) ... ecueevieeieiees et e et e e e st e st e e e s reeseesbesae e tesaeeeesteeasessesseentesseessetesneensesteenseneeas

Appendix J2. Comparison of large understory (1.6-9.0 cm dbh) species composition among
eight swamp forests sampled along the eastern Lake Michigan shorelinein 2003 (values are
stems/ha, percentage of total stem density iSin ParentNESES) .......cccvevevereere s

Appendix J3. Comparison of small understory (taller than 50 cm and < 1.5 cm dbh) species
composition among eight swamp forests sampled along the eastern Lake Michigan shorelinein
2003 (values are stems/ha, percentage of total stem density iSin parentheses) .........coeeevvveceeveieeveseecienins

Appendix J4. Comparison of ground-cover species composition among eight swamp forests

sampled along the eastern Lake Michigan shoreline in 2003 (values are frequency (%), average
PErCENt COVErage IS TN PAIENTNESES) ....ccoceeeie ittt et e e s s e e e s s e e e s s s bt e e s s sssbseessasbsesesasssneessabbneesssrnness

Coastal Svamp Classificaion and Analysis Page-viii



Coastal Svamp Classification and Analysis Page-ix



Coastal Svamp Classificaion and Analysis Page-x



INTRODUCTION

Because Great Lakes coastal wetland research
has focused primarily on herbaceous meadows and
marshes (Keddy and Reznicek 1986; Albert et al.
1988, 1989; Bedford 1992; Heath 1992; Herdendorf
1992; Minc 1997), most efforts to protect and
restore coastal wetlands have been directed toward
herbaceous wetlands (Chow-Fraser 1998, Mitsch
and Bouchard 1998, Wilcox and Whillans 1999,
Kowalski and Wilcox 1999). However, within most
former embayments and drowned river mouths
along the Great Lakes shorelines, swamp forests
occur inland of the open meadows and marshes,
often less than two m above the lake. Although
swamp forests are generally restricted to elevations
above the maximum lake level (Keddy and
Reznicek 1986, Edsall et al. 1988), their hydrologic
regime may be determined, at least indirectly, by the
Great Lakes. For example, in abeach ridge and
swale complex along southwestern Lake Michigan,
Visocky (1977) demonstrated that water-table
fluctuation in swales at a higher elevation than Lake
Michigan paralleled water-level fluctuation in the
lake itself. Furthermore, whereas lake-level gauges
indicate water-level fluctuation of lessthan 1 m
about the mean over the last 150 years, longer-term
fluctuation up to 2 m about the mean and lasting
approximately 150 years was common throughout
the late Holocene and may be continuing to the
present (Larsen 1985; Thompson 1992; Thompson
and Beadke 1995, 1997). Although herbaceous
wetlands predominate within the narrow range of
water-level fluctuation over the last 150 years,
swamp forests are well represented in the wider
range of water-level fluctuation indicated in the
geologic record.

Due to substantial 1osses and degradation of
coastal wetlands, the important role of such
wetlands in the maintenance of regional
biodiversity, and the high importance of wetlandsto
Michigan residents, restoration of coastal wetlands
isahigh priority. Approximately 60% of the Great
L akes coastal wetlands have been lost over the last
200 years, with losses as high as 90% in some areas
(USFWS 1994, Mitsch and Bouchard 1998). The
marked loss of Great Lakes coastal wetlands
includes substantial amounts of swamp forest that
have been either drained or converted to other
wetland types. For example, comparison of land
cover based on recent aeria photography to
historical vegetation based on General Land Office

(GLO) survey records reveals that 40% of the
swamp forest within 1 km of the Lake Huron
shoreline, from Saginaw Bay to the eastern Upper
Peninsula, has been lost (Tepley et al. 2003). Recent
surveys indicate that 73-87% of Michigan residents
viewed wetland services including wildlife habitat,
fish habitat, flood control, wildflower habitat, and
water filtration as extremely important (Kaplowitz
and Kerr 2003). Because both herbaceous wetlands
and adjacent swamp forests provide such services,
and both types have been severely degraded,
restoration efforts should be directed toward both
wetland types.

For the purposes of restoration and
management, swamp forests along the Great Lakes
shorelines should be considered an integral part of
the coastal wetland complex. Due to their
characteristic location, at the interface between
upland ecosystems and herbaceous wetlands that
extend into the lake, coastal swamp forests may
provide refuge for numerous plants and animals, and
they may buffer the effects of upland land use on the
Great Lakes. Furthermore, vegetation composition
and successional dynamics may, at least indirectly,
be regulated by Great L akes water levels through
their influence on local groundwater hydrology
(Visocky 1977). However, despite the widespread
distribution of swamp forests along the Great Lakes
shorelines and their spatial and functional linkages
between upland and aguatic systems, only afew
studies have systematically characterized them
(Comer and Albert 1993, Tepley et a. 2003). A
detailed understanding of swamp forests along the
Great Lakes shorelines, including their hydrologic
regime, soil properties, vegetation composition and
structure, and the factors that affect the geographic
distribution of different swamp types would
contribute substantially to the success of coastal
wetland restoration.

Conceptual Approach

Prioritization of limited resources toward
restoration of degraded coastal wetlands depends on
an understanding of the historical distribution of
various wetland types and regional patterns of
degradation. After such regional considerations have
identified high-priority targets for restoration, a set
of goals, or reference conditions, is necessary to
guide restoration practices at the local level.
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Although descriptions of vegetation composition
and structure are essential to the development of
restoration goals, such information provideslittle
guidance in areas where an array of plant
communities may occur within asmall spatial scale
(Palik et al. 2000). Along the Great Lakes
shorelines, where small differencesin elevation
above the lake result in marked differencesin
hydrology, soil, and vegetation (Keddy and
Reznicek 1986), land managers must determine
which set of reference conditions apply to a specific
site. Also, they must recognize characteristic
patterns of species and communities along gradients
of hydrologic regime and soil properties extending
inland from the shore. Thus, identification of
reference conditions is contingent upon a
fundamental understanding of the factors that
regulate ecological processes and species
composition (Keough et al. 1999). Because
topographic features and their associated parent
material, hydrologic regime, and soil properties
change more slowly than vegetation, reference
conditions can be determined based on an
understanding of physical site characteristics and
their interrel ationships with vegetation (Allen and
Wilson 1991, Palik et a. 2000).

A landscape ecosystem approach, where
ecosystems are identified within their regional
landscape context based on integration of physical
site factors (specific landform, slope, microclimate,
hydrology, parent material, and soil properties) and
species composition and abundances, provides the
insight necessary to develop restoration goals.
Under this approach, a landscape ecosystem is
recognized as a single, perceptible topographic unit—
avolume of land and air plus organisms extended
areally over a particular part of Earth’'s surface for a
certain time (Rowe 1961). By integrating geology,
physiography, hydrology, climate, soil, vegetation,
and historical factors, ecosystems may be identified,
classified, and described within amultiple scale,
hierarchical framework (Barnes 1996, Barnes et al.
1998 p.321-326). Through the process of
classification, natural ecological units are grouped
logically, emphasizing similarities and
interrelationships. Thus, land managers and
researchers can work at an appropriate scale for
their problem or objectives.

Regional landscape ecosystems of Michigan
(Albert et a. 1986, Albert 1995) provide the
regional framework for classification of finer-scale
local ecosystems (Barnes et al. 1982, Pregitzer and
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Barnes 1984, Spies and Barnes 1985). Other
examinations of forest ecosystems within such a
framework have illustrated differences among
ecosystem types in functional processes, such as
nutrient cycling and succession (Zak et al. 1989,
Host et al. 1988), and they have facilitated
assessment of both biological and ecological
diversity at multiple spatial scales (Pearsall 1995,
Lapin and Barnes 1995, Baker and Barnes 1998).
Management applications include the devel opment
of aframework to monitor the endangered
Kirtland’'s warbler and identify areas best suited to
sustain warbler populations (Kashian and Barnes
2000, Kashian et a. 2001, Walker et al. 2001).

Objectives

Our primary objective was to provide land
managers with a detailed understanding of the major
types of swamp forest that occur along the Great
Lakes shoreline and the physical site factors that
account for their spatial distribution. Specific
objectives were to: (1) apply alandscape ecosystem
approach to identify, classify, and describe swamp
forest ecosystems along the Lake Michigan and
Lake Huron shorelines, (2) identify the major
hydrologic and soil variables that account for
differences in vegetation composition and structure
among major swamp ecosystem types, and (3)
develop restoration priorities among swamp
ecosystems based on estimates of their historical
abundance, present distribution, and current level of
degradation.

Although the mapping of local ecosystemsisan
important component of the landscape ecosystem
approach as previously applied in Michigan (Barnes
et al. 1982, Pretigzer and Barnes 1984, Spies and
Barnes 1985), mapping all swamp ecosystems along
the shorelines was beyond the scope of our study.
Instead, our objective was to identify the major
swamp types and provide a detailed understanding
of physical site characteristics needed to distinguish
among them on the ground, regardless of the current
vegetation. Also, we were focusing on one generic
type of ecosystem, coastal swamp forests, rather
than identifying and mapping all ecosystems along
the shoreline. Furthermore, whereas the landscape
ecosystem approach, as applied to inland
landscapes, proceeds from regional ecosystems of
Section, Subsection, and Sub-subsection to local
ecosystems of Physiographic System, Landform-
Level Ecosystem, and Landscape Ecosystem Type



(Kashian et a. 2001, Walker et al. 2001), the
hierarchy was modified somewhat to classify
coastal swamp ecosystems. Classification of coastal
swamp forests proceeded in a top-down manner by
dividing the shoreline into major and minor

shoreline segments that were progressively more
homogeneous in physiography and climate, until
local ecosystem types recurred within a shoreline
segment, reflecting underlying fine-scale patterns of
physiography, hydrology, soil, and vegetation.

STUDY AREA

Geological Context

Because Lake Michigan and Lake Huron are
connected by the Straits of Mackinac, a channel 37
m deep and 5.8-8 km wide, hydrologically they may
be considered two lobes of the same lake. Over the
last 2,500 years mean water level in both basins has
been adjusted to channel depth of the St. Clair River
at Port Huron, with climatically-driven fluctuation
about the mean (Larsen 1985). From 1860, when a
systematic program of daily measurement was
initiated, to 1985, mean annual water level has
ranged from 175.5 to 177.1 m, with a mean annual
level of 176.4 m (Bishop 1990). Seasonal water-
leve fluctuation over the same period averaged 0.33
m (Quinn 2002). Although an annual mean of 177.6
m was recorded in 1838, Bishop (1990) adjusted the
maximum annual mean to 177.1 m to account for
permanent lowering of water levels due to dredging
in the &. Clair River (Brunk 1961, Lawhead 1961,
Derecki 1985, Quinn and Sellinger 1990). Other
notable high water levels were recorded for the
intervals 1853-1862, 1882—-1887, 1928-1931,
1943-1955, the early 1970s, and the mid 1980s
(Larson and Schaetzl 2001). Low water levels were
observed in 1926, 1934, 1964, and 1999-2003.

Development of the Great Lakes and their
associated shoreline features was regulated by a
complex history of water-level fluctuation following
retreat of the Wisconsinan Glacier. Approximately
11,000 B.P, glacial retreat permitted water flow
across the Straits of Mackinac and the Indian River
lowland in the northern Lower Peninsula, and
Glacia Lake Algonguin formed a confluent lake in
the Huron and Michigan basins (Hansel et al. 1985).
Shortly afterward, further glacial retreat across
southern Ontario exposed isostatically depressed,
lower outlets, causing water levelsto fall to
approximately 106 m, 70 m below modern levels
(Larson and Schaetzl 2001). The opening of lower
outlets resulted in a series of short-lived, lower

lakes, represented by Lake Chippewain the
Michigan basin (Hough 1963, Hansel et al. 1985)
and Lake Stanley in the Huron basin (Eschman and
Karrow 1985).

After the low levels of Lakes Chippewa and
Stanley, uplift of the North Bay region raised the
northern outlet, causing agradual rise in water level
to the atitude of pre-existing outlets at Port Huron
and Chicago. Following the rise in water level, three
distinct middle to late Holocene lake events are
recognized: Nipissing (5,500-3,800 B.P), Algoma
(3,800-2,500 B.P), and modern Lakes Michigan
and Huron (2,500 B.P. to present) (Hansel et al.
1985, Larsen 1985). The Nipissing and Algoma
phases were previously thought to correspond to
relatively stable lake levels, at 184.5 and 181.5 m,
respectively, controlled by outlet elevation (Hough
1963). However, more recent research suggests that
the Nipissing and Algoma phases were short-lived,
high-water events within a fluctuating system,
characterized by climatically-driven water-level
fluctuation lasting 200—300 years (Larsen 1985,
Hansel et al. 1985, Thompson and Beadke 1997).

Although the last 2,500 yearsis generally
thought to be a period of relative stability, with
water-level fluctuation of less than 1 m about the
annual mean, radiocarbon-dated samples along Lake
Michigan suggest that broader, climatically-driven
fluctuation characteristic of the Nipissing and
Algoma phases, may be continuing to the present
(Larsen 1985; Thompson 1992; Thompson and
Beadke 1995, 1997). High-water levelsupto 2 m
above the modern annual mean at 400, 900, 1,500,
and 2,300 B.P. suggested by the study of a beach
ridge complex along the southwestern Lake
Michigan shoreline (Larsen 1985) are in general
agreement with the timing of high water levels
indicated by studies of numerous beach ridge
complexes along Lake Michigan (Thompson 1992;
Thompson and Beadke 1995, 1997).
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Figure 1. Location of 42 swamp forests sampled along the Lake Michigan and Lake Huron shorelinesin
relation to regional ecosystem boundaries (ecoregion map follows Albert 1995, thick lines delineate sections,

thin lines delineate subsections).

Sudy Sites

A total of 42 swamp forests were sampled along
the Lake Michigan and Lake Huron shorelines
(Figure 1). All study sites were located within the
elevational range of 177-179 m, less than 3 m above
the modern annual mean water level of 176.4 m
(Bishop 1990). In Upper Michigan, five sites were
sampled along Lake Huron and eight along Lake
Michigan (Subsection VI11.1). In Lower Michigan,
21 sites were sampled along Lake Huron: 3 along
the northern shoreline (Subsection V11.6), 17 along
Saginaw Bay (Subsections V1.6, V1.5, and V11.1),
and 1 adjacent to the St. Clair River (Subsection
V1.5). Along the eastern Lake Michigan shoreline,
six sites were sampled at mouths of the Betsie,
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Manistee, Big Sable, and Pere Marquette Riversin
northwestern Lower Michigan (Subsection V11.4).
Due to heterogeneity of rivermouth valleys of the
Betsie and Manistee Rivers, two sites were sampled
at each of these valleys. Two sites were sampled in
southwestern Lower Michigan (Subsection VI.3), at
mouths of the Muskegon and Kalamazoo Rivers
(Figure 1).

Study sites extended over approximately 3.5°
latitude, encompassing a broad range of climatic
conditions. Growing season length ranged from 120
days along northern shorelines (Subsection VI1.6),
to 157 days along the southeastern Lake Michigan
shoreline (V1.3) (Albert et a. 1986) (Table 1).
Along the northern shorelines in Upper Michigan
(VI11.1), growing season temperature averaged



Tablel. Mean climatic variables for subsections where sampling was conducted.

Northern Lake Michigan Southern Eastern
& Northern Lake Huron Lake Huron Lake Michigan
Variable VIl VII.6 V1.6 V1.5 Vil.4 V1.3
Growing season length (days) 125 120 153 151 141 157
April-October heat sum 1,860 2,020 2500 2,410 2,300 2,560
(°C-days, base 7.2 °C)
Heat sum prior to last spring freeze 150 240 190 170 220 210
(°C-days)
M ay—September potential 460 470 520 520 500 530
evapotranspiration (mm)
July—August precip. to potential 74 70 61 63 64 66
evapotranspiration ratio (%)
Total annual precipitation (mm) 800 770 740 760 840 900
M ay—September precipitation (mm) 420 400 360 360 380 410
Annual average temperature (°C) 5.2 6.2 8.6 8.2 7.8 9.4
M ay—September average 14.9 15.9 17.8 181 17.2 18.7
temperature (°C)
Annual extreme minimum -29 -29 -24 -23 -22 -22

temperature (°C)

! Data taken from Table 2 of Albert et al. 1986

3.8°C colder, and growing season heat sum and
potential evapotranspiration averaged 700°C-days
and 70 mm lower, respectively, than in southwestern
Lower Michigan (V1.3). Annual average
temperature (5.2°C) and extreme minimum
temperature (-29°C) were also lowest in Upper
Michigan (VI11.1) and highest in southwestern
Lower Michigan (9.4°C and -22°C, respectively)
(V1.3). Total annual precipitation varied widely,
from 900 mm along the eastern Lake Michigan

shoreline in northwestern Lower Michigan (V11.4)
to 740 mm along Saginaw Bay (V1.6). However, a
large portion of precipitation along the eastern Lake
Michigan shoreline is lake-effect snowfall. Growing
season precipitation along the eastern Lake
Michigan shoreline (380 and 410 mm in
Subsections V11.4 and V1.3, respectively) was only
dightly greater than that of Saginaw Bay (360 mm
in both V1.6 and VI.5) (Table 1).

METHODS

Field Methods

Field work was conducted in two field seasons:
summer 2002 and 2003. Sampling was conducted in
447, 200-m? sample plots located in 42 coastal
swamp forests. In 2002, atotal of 235 plots were
sampled in 15 sites along Lake Huron (Tepley et al.
2003). The number of plots per site ranged from 8 to
20 (average 16) depending on site size and

heterogeneity. In 2003, atotal of 212 plots were
sampled in 27 sites: 11 along Lake Huron and 16
along Lake Michigan. An average of 8 plots were
sampled per site.

A systematic random method was used to locate
sample plots. Plots were randomly located along a
transect oriented parallel to the gradient in
hydrologic and soil characteristics. At sites that
were either small in size or relatively homogeneous
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Figure 2. Diagram of (a) circular and (b) rectangular sample plots, illustrating the location and relative size

of understory and ground-cover subplots.

in hydrology and soil, transects were established to
permit the greatest transect length with the least
influence of upland edge conditions. A random
number generator was used to determine distance, in
number of 20-m chains, from the start of the transect
to the center of each sample plot. Plots were
separated by a distance of at least two chains, except
at the smallest sites, where one-chain spacing was
used. Multiple transects were established at large or
heterogeneous sites. Because drowned river-mouth
valleys often extended several km upstream,
transects were separated by a distance of more than
1 km at severa sites. A Gramin® XL12 Global
Positioning System (GPS) receiver was used to
record the location of each plot.

Overstory, understory, and ground-cover
vegetation was sampled in 200-m? sample plots. In
the first field season (2002), sampling was
conducted in circular sample plots, 16 m in diameter
(Figure 2a). The species and diameter at breast
height (dbh) to the nearest 0.1 cm was recorded for
al live and standing dead overstory trees (dbh > 9.0
cm) over the entire plot. A DISTO Basic hand-held
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laser meter was used to determine whether or not
trees were located within the plot boundary.
Understory vegetation (woody plants taller than 50
cm and up to 9.0 cm dbh) was sampled in a 100-m?
subplot (11.1 m in diameter) centered within the
plot. Understory vegetation was subdivided into two
size classes: large understory (1.5-9.0 cm dbh) and
small understory (taller than 50 cm and up to 1.5 cm
dbh), and the number of stemsin each size classwas
tallied by species. For shrub species (species that do
not typically reach overstory size), in addition to
stem counts, aereal coverage was estimated to the
nearest percent. Ground-cover vegetation (all
herbaceous species and woody plants shorter than
50 cm) was sampled in a 1-m? subplot, located at the
plot center. Aereal coverage of al ground-cover
species, aswell as water and coarse woody debris (>
9.0 cm in diameter) was estimated to the nearest
percent. Ground-cover subplot boundaries were
delineated with a 1x1-m wooden sampling frame. To
standardize coverage estimates, species coverage
within the subplot was compared to a sheet of
notebook paper (21.6 x 27.9 cm) representing 6% of
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Photo 1. High-water marks on ared ash treein the
drowned rivermouth valley of the Kalamazoo River,
Allegan Co., Michigan.

subplot area. Where standing water was present,
water depth was measured to the nearest cm. Where
high-water marks were present on the boles of trees
(discolored bark on the lower bole resulting from
inundation), height of the high-water mark above
the soil surface was measured to the nearest cm
(Photo 1).

Following analysis of 2002 data, sampling
procedures were modified slightly for the second
field season. Each site sampled in 2002 was
characterized by relatively low variability among
plots in overstory composition, but considerably
higher variability in ground-cover vegetation.
Therefore, in the second field season, a lower
number of plots were sampled per site, but the
number of ground-cover subplots was increased to
five per plot. In addition to the subplot located at the
plot center, four ground-cover subplots were located
five m from the plot center in each cardinal
direction (Figure 2a). Because sampling along
Saginaw Bay in 2003 was conducted to be
compatible with data collected in a project to
analyze disturbance in swamp forests of southern
Lower Michigan, sampling procedures were further
modified. Sampling was conducted in 200-m?,
rectangular plots (10x20 m), with the 20-m plot
lines oriented north-to-south (Figure 2b). Overstory
vegetation was sampled over the entire plot.
Understory vegetation was sampled in a 100-m?
subplot, either the east or west half of the plot,
chosen randomly by spinning a compassin the field.
Ground-cover vegetation was sampled in 5, 1-m?
subplots, one located at the plot center, and four
centered within each quadrant (Figure 2b). Other
than reducing the number of plots per site,

increasing the number of ground-cover subplots,
and using rectangular rather than circular plots
along Saginaw Bay, sampling procedures followed
those of the 2002 field season.

Soil was sampled within the plot boundary of at
least one out of every five plots. Soil was sampled
with a 100-cm long core in 2002 and a 200-cm long
bucket auger in 2003. Data recorded in each auger
boring include substrate type, depth, and pH, and
depth to water table and bedrock. Soil textural and
pH analyses were conducted in the field. Mineral
soil texture was determined following the texture-
by-feel flow chart of Thien (1979). For sand soil,
sand particle size was estimated by visual
comparison to samples of very fine, fine, medium,
coarse, and very coarse sand. For organic soail,
organic matter type was classified as sapric (< 17%
fibers), hemic (17-75 % fibers), or fibric (> 75%
fibers); fiber content was estimated by rubbing
(USDA 1999). A Hellige-Truogg soil reaction/pH kit
was used to measure soil pH. Soil pH was recorded
at the soil surface and at depths of 50 and 100 cmin
2002. In 2003, additional soil pH values were
recorded at 150 and 200 cm.

The age of one or two dominant overstory trees
was recorded at one out of every five plots. An
increment borer with a 44-cm long shaft was used to
core trees at breast height (137 cm). Cores were
read in the field, and four years were added to the
age determined from the core to approximate
growth before reaching breast height.

Data Analyses

The study sites were classified into 8 ecosystem
types based on qualitative analyses of physiography,
hydrology, soil, and vegetation data. A ninth
ecosystem type (ecosystem 9) was identified based
on field reconnaissance and aerial photo
interpretation, but field sampling was not conducted
in it. Quantitative analyses were conducted to
evaluate the distinctness of the ecosystem types and
analyze interrelationships among physical site
factors and vegetation. Physiogrpahy, hydrology,
soil, and vegetation data, collected by sample plot,
were averaged for each site. Although ground-cover
vegetation was sampled in alarger number of
subplots per sample plot in the second field season
than the first, the total number of ground-cover
subplots per site was similar between field seasons,
and data were analyzed together. Two ecosystem
types, ecosystems 4 and 9, were excluded from
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guantitative analyses because only one plot was
sampled in ecosystem 4, and field sampling was not
conducted in ecosystem 9.

The ecosystem classification and the
identification of characteristic ground-cover species
of each type were evaluated with two-way indicator
species analysis (TWINSPAN; Hill 1979) conducted
in PC-ORD (McCune and Mefford 1999). Mean
percentage cover values for each ground-cover
species at each site were entered into the analysis,
excluding plants not identified to species. Because a
large number of ground-cover species were
sampled, many of which were present at alow
number of sites, species occurring at fewer than five
sites were excluded from the analysis. Such removal
of infrequent speciesis likely to reduce random
variation due to chance presence or absence while
removing little information from the data set (Gauch
1982).

Distinctness of the ecosystem types was further
evaluated, and identification of characteristic
ground-cover species of each type was further
supported by detrended correspondence analysis
(DCA; Hill and Gauch 1980) conducted in
CANOCO (ter Braak and Smilauer 1998). DCA was
conducted with the data set containing mean
percentage cover values for each ground-cover
species at each site, excluding plants not identified
to species level and species occurring at fewer than
five sites. Distinctness of each ecosystem type with
respect to ground-cover species composition was
evaluated by plotting site scores along the first two
DCA axes, where site scores represent the weighted
mean of species scores present at each site.

The influence of environmental and stand
structure variables on the ordination of ecosystem
types with respect to ground-cover species
composition was examined using canonical
correspondence analysis (CCA; ter Braak 1986),
conducted in CANOCO (ter Braak and Smilauer
1998). The data set containing mean percentage
cover values for each ground-cover species at each
site (used in TWINSPAN and DCA) was
constrained with a set of eight environmental and
stand structure variables suspected to have the
strongest effect upon ground-cover species
composition. The following variables were entered
into the analysis: depth of organic soil (cm), range
of soil surface pH, height of the high water mark
(cm), overstory density (stems/ha), overstory basal
area (m?ha), large understory stem density (stems/
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ha), small understory tree density (seedlings/ha),
and coverage of shrubs (%). The variable, ‘range of
soil surface pH,” was used rather than average soil
surface pH because many sites were characterized
by pit-and-mound microtopography with very
strongly acid soil on hummocks and circumneutral
soil between hummocks (Boelter and Verry 1977).
Because certain ground-cover species were
restricted to acid hummocks and others were
common in hollows between hummaocks, the range
of soil surface pH was suspected to more accurately
account for variation among sites than average pH.
Site scores, derived from species coverage and
constrained by environmental and stand structure
variables, were examined in the ordination space of
the first two CCA axes. The significance of the first
two axes and that of each variable to the analysis
was determined using a stepwise Monte Carlo
procedure with 199 permutations and o = 0.05 (ter
Braak and Smilauer 1998).

Land-Cover Analysis

To assist in prioritizing restoration efforts
among ecosystem types, historical and present land
cover along the Lake Michigan and Lake Huron
shorelines was analyzed in a Geographical
Information System (GIS). A Digital Elevation
Model (DEM) with 90-m resolution (USGS 1984~
1992) was used to identify all 90-m pixels at
elevations lower than 180 m and contiguous to the
shoreline. For land lower than 180 m and
contiguous to the shoreline, historical vegetation
was determined based on the Circa 1800 data set of
Comer et al. (19954). Circa 1800 land cover isa
statewide data set, with 30-m resolution, developed
based on interpretation of the original General Land
Office (GLO) surveys of Michigan (Comer et al.
1995b). For land lower than 180 m, contiguous to
the shoreline, and identified as swamp forest in the
Circa 1800 data set, present land cover was
determined based on IFMAP/GAP Michigan 2000
land cover (MDNR 2001). The 2000 land cover data
set was devel oped from Landsat Thematic Mapper
(TM) imagery from spring, summer, and fall 1997—
2001. Supervised classification was used to classify
land cover into 35 classes modified from level 2 of
Andersen et al. (1976). All GIS analyses were
conducted in ArcView 3.2 (ESRI 2000).



RESULTSAND DISCUSSION

Ecological Classification
Major and Minor Shoreline Segments

A three-level, hierarchical classification was
developed for swamp forests along the Lake
Michigan and Lake Huron shorelines. At the highest
level of classification, the shorelines were divided
into two Major Shoreline Segments: (1) Lake Huron
and the northern Lake Michigan, and (I1) eastern
Lake Michigan (Table 2). Subdivision of mgjor
shoreline segments was based on gross
physiographic characteristics that result in the
occurrence of swamp forestsin a different generic
landform along each segment: former embayments
along Lake Huron and northern Lake Michigan, and
drowned river mouths along eastern Lake Michigan.

Along the Lake Huron and northern Lake
Michigan shorelines, former embayments of various
size are situated between moraines, areas of thin till
over bedrock, or dunes (Figures 3-5). Within such
embayments, fluctuation in lake level through the
late Holocene resulted in the formation of a nearly
flat plain just above the high water level,
characterized by numerous beach ridges (typically
less than 5 m high and 10-30 m wide) and
intervening swales (often less than 30 m wide)
oriented parallé to the shoreline (Comer and Albert
1993, Thompson and Beadke 1997). Each beach
ridge was formed when lake levelsfell from a
previous higher Great Lakes water level (Olson
1958). Swamp forests occur in the inter-ridge swales
and depressions, and in gently sloping groundwater
seepages along the margin of the embayment. The
regular patterning of ridges and swalesis not always
apparent along Saginaw Bay due to the large size of
the embayment, small amounts of sand available to
be reworked as lake levels receded, and past
maodifications of the landscape for agricultural
management.

In contrast to the low beach ridges and swales
within former embayments along L ake Huron and
northern Lake Michigan, prevailing westerly winds
led to the formation of large dunes (up to 60 m high)
along the eastern Lake Michigan shoreline. Swamps
are restricted to broad valleys at the mouths of Lake
Michigan tributaries. During Chippewa low water
levels, the river mouths were located far to the west
and lower than the modern shoreline, within present

Lake Michigan. Therise in water level following
isostatic uplift of the northern outlet forced the river
mouths inland of the modern shoreline. Later, as
water levels receded, river mouths were partially
closed by growth of sand spits and baymouth bars,
resulting in the formation of shallow, inland lakes at
the same elevation as Lake Michigan, and connected
to it by a short, narrow channel (Figure 6,
Appendices A1-A6). Large dunes, most likely
related to Nipissing high water levels were formed
on top of the sand spits and baymouth bars,
increasing constriction of the river mouth (Dorr and
Eschman 1970 p.194-195).

Each Major Shoreline Segment was further
divided into two Minor Shoreline Segments—
northern and southern, on the basis of climatic and
physiographic characteristics (Table 2). Subsections
of the regional ecosystem classification of Albert
(1995) were used to delineate boundaries of the
Minor Shoreline Segments (Figure 7). Colder
climate of the northern segments (A and C) resulted
in a shorter growing season and slower rates of
organic matter decomposition than along southern
segments (B and D). Differences between wetlands
along northern and southern parts of the shoreline
also may reflect different historical development of
the wetlands due to a greater rate of isostatic uplift
in the north than the south (Larsen 1985, 1994). In
addition, the geographic range of many plant species
isrestricted to either the northern or southern part of
the state, though some may extend their range
southward along the lakeshore (Denton and Barnes
1987).

Ecosystem Types

At the finest level of classification, atotal of
nine Ecosystem Types were identified (Table 2,
Appendix B). Within each minor shoreline segment,
two or three ecosystem types recur in amosaic,
reflecting underlying patterns of fine-scale
physiographic features, hydrology, and soil.
Ecosystem types of each minor shoreline segment
are distinguished from each other by their position
in relation to the shoreline and the resulting effect of
groundwater hydrology, as influenced by shoreline
configuration and Great L akes water levels, on their
hydrologic regime, soil, and vegetation (Table 2) (a
detailed description of each ecosystem typeis
included in Appendix C).
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Figure 3. Location of (a) five study sitesin Delta County and (b) three study sitesin Mackinac County within
former embayments a ong the northern Lake Michigan shoreline.
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Figure4. Location of (a) five study sitesin southeastern Upper Michigan and (b) three study sitesin
northeastern Lower Michigan within former embayments a ong the northern Lake Huron shoreline.
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Figure5. Location of 17 study sites aong the Saginaw Bay shoreline, east-central Lower Michigan, in

relation to e evation.

Each minor shoreline segment contains one or
two ecosystem types located close to the shoreline,
at an elevation within or slightly higher than the
range of lake-level fluctuation (ecosystems 2, 3, 5,
6, and 8), and another ecosystem located further
inland and at a higher elevation (ecosystems 1, 4, 7,
and 9) (Figures 8-11). Whereas the ecosystem types
located close to the shore (ecosystems 2, 3, 5, 6, and
8) are characterized by periodic soil surface
inundation during the growing season, those |ocated
further inland (ecosystems 1, 4, 7, and 9) are
characterized by saturated soil resulting from
groundwater influence (Table 2).

In the inundated ecosystem types, the timing
and duration of inundation is either directly
regulated by the Great Lakes, or indirectly regulated
by the lakes through their influence on local
groundwater hydrology (Visocky 1977). Because
the elevation of ecosystems2 and 5is
approximately equal to the maximum annual mean
lake level of 177.1 m (Bishop 1990), water-level
fluctuation in the Great Lakes has a direct influence
on their hydrologic regime (Figures 8 and 10).
During periodic high lake levels, the soil surface
may remain inundated throughout the growing
season, resulting in mortality of most, if not all, tree
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Figure 6. Comparison of the broad, flat drowned river-mouth valley of the Betsie River, northwestern Lower

Michigan, to the narrow, steeper valley upstream.

seedlings and saplings. If water levelsremain high
for several consecutive years, mature trees also
would be killed (Hook 1984).

The other inundated ecosystem types
(ecosystems 3, 6, and 8) aretypically located at
elevations above the maximum lake level, and the
Great Lakes have an indirect effect on their
hydrologic regime. Thus, ecosystem types 3, 6, and
8 are characterized by seasonal inundation of the
soil surface, where surface water may persist
through mid-July, corresponding to seasonal high
lake levels (Quinn 2002). However, the water table
often falls more than 100 cm below the soil surface
later in the growing season. Periodic inundation of
the soil surface followed by soil aeration when
surface water recedes enables high rates of
decomposition, thereby preventing accumulation of
organic soil. As aresult, all inundated ecosystem
types are characterized by a substrate of mineral
soil. However, in ecosystem 2, where the water table
remains close to the soil surface after surface water
recedes, the substrate is a shallow layer of sapric

Coastal Svamp Classification and Analysis Page-14

muck (< 20 cm deep) over mineral soil (Figure 8,
Appendix C).

Ecosystems located further from the shore and
at ahigher elevation than the inundated ecosystems
are characterized by saturated soil and a substrate of
organic soil (Table 2). Differences in hydrologic
regime between saturated ecosystems located in
former embayments (ecosystems 1 and 4) and those
located in drowned river mouths (ecosystems 7 and
9) result in marked differencesin substrate.
Ecosystems 1 and 4 are characterized by a shallow
layer of sapric muck (typically lessthan 30 cm
deep) over sand (Table 2, Figures 8 and 9). Dueto
convergence of groundwater flow in embayments
(Cherkauer and McKereghan 1991), combined with
shallow depth to impervious clay, and the influence
of local topographic features on groundwater flow,
the water table is dlightly higher than the sand
surface early in the growing season, and the
overlying organic soil is saturated by capillary
water. Later in the growing season, the water table
falls below the sand surface, but water is maintained



SECTION VIII

Divi3

A 0 50 100 150 200

Figure 7. Minor Shoreline Segments of the Lake
Michigan and Lake Huron shorelinesin relation to
subsections of Albert (1995) (letters A-D correspond
to Table 2).

250 Kilometers
|

in the small pores of the sapric muck, and near
saturated conditions are maintained (Boelter and
Verry 1977). In contrast, due to the location of
ecosystems 7 and 9 at the base of steep slopes along
the margin of rivermouth valleys, groundwater
seepage is continuous and the water table is
maintained close to the soil surface throughout the
growing season. Continuous groundwater seepage
facilitates deep accumulations of sapric and hemic
muck (average depth > 150 cm) (Figure 11,
Appendix C). In al saturated ecosystems
(ecosystems 1, 4, 7, and 9), shallow rooting in the
organic soil in combination with strong winds
coming off the lakes resultsin a high frequency of
windthrow and well devel oped pit and mound
microtopography (Figures 8, 9 and 11). In addition
to tip-up mounds, hummocks are often built up at
the bases of trees, and they are often covered by
sphaghum mosses.

Differences among ecosystem typesin
hydrology and soil, as influenced by their position
in relation to the shoreline, result in marked
differences in forest composition and structure
(Table 3, Appendices D1-D2; comparison of forest

composition and structure among sites within each
ecosystem type are included in Appendices E1-E3,
F1-F4, G1-G4, H1-H4, 11-14, and J1-34). Whereas
the inundated ecosystem types (ecosystems 2, 3, 5,
6, and 8) are dominated by hardwoods, saturated
ecosystems (ecosystems 1, 4, 7, and 9) are
dominated primarily by conifers (Table 3). In all
minor shoreline segments, total overstory stem
density of the inundated ecosystem type averages
47-57% lower, and basal area averages 39-62%
lower than that of the saturated ecosystem type
(Table 3). Overstory basal areaislowest in
ecosystems 2 and 5 (21.3 and 22.3 m?%ha,
respectively), which are located closest to the shore
and at the lowest elevation. These ecosystems are
characterized by widely-spaced, small trees, and a
continuous, graminoid-dominated ground-cover
layer (Figures 8 and 10, Photos 2 and 3). Red ash
(Fraxinus pennsylvanica Marsh.) accounts for 81
and 90% of the overstory basal areain ecosystems 2
and 5, respectively, and it is practically the only tree
species capable of surviving prolonged inundation
of the soil surface when lake levels are high. Tree
species other than red ash are primarily restricted to
high microsites near the upper boundary of the
ecosystem (Figure 8).

Inundated ecosystem types 3, 6, and 8, which
are located further from the shore and at a slightly
higher elevation than ecosystems 2 and 5, are
dominated by silver maple (Acer saccharinumL.) in
addition to red ash, and their total overstory basal
area (28.7-45.1 m?ha) is substantially greater than
that of ecosystems 2 and 5 (Table 3). Variation in
microtopography in ecosystem 3 resultsin the
occasional occurrence of eastern cottonwood
(Populus deltoides Bartr. ex Marsh.) and swamp
white oak (Quercus bicolor Willd.) on low rises.
Greater water depth and alack of such
microtopography account, in part, for the absence of
these speciesin ecosystems 6 and 8 (Table 3, Figure
10). Small American elm (Ulmus americanaL.)
trees are common in the understory of ecosystem
types 3, 6, and 8 (Appendix D1-D2), indicating that
American elm was likely also a canopy dominant
prior to the introduction of Dutch elm disease
(Figure 8) (Barnes 1976). In ecosystem 3, the
combination of inundation of the soil surface, often
through mid July, and relatively dense tree canopy
coverage result in a sparse, patchy distribution of
ground-cover vegetation and low diversity and
coverage of shrub species (Photo 4). Compared to
ecosystem 3, deeper inundation and lower tree
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J. Cohen

Photo 2. Ecosystem 2 at Ossineke, Alpena Co.,
Michigan, illustrating the low density of small trees
and continuous, graminoid-dominated ground-cover
vegetation. Trees are larger and denser on the
adjacent upland ridge.

canopy coverage in ecosystems 6 and 8 favor amore
continuous, graminoid-dominated ground cover
(Figure 11, Photos 5 and 6).

In contrast to the hardwood-dominated forests
of the inundated ecosystem types, coniferous trees
are dominant in ecosystems characterized by
saturated, organic soil (ecosytems 1, 4, 7, and 9)
(Table 3, Figures 8, 9, and 11). Northern white-
cedar (Thuja occidentalis L.) is the dominant
overstory species of all saturated ecosystems. In
ecosystem 1, northern white-cedar accounts for 81%
of the overstory basal area, and low numbers of
species such as paper birch (Betula papyrifera
Marsh.), black ash (Fraxinus nigra Marsh.), black
spruce (Picea mariana (P. Mill.) B.S.P), white

A. Tepley

Cohen

Photo 3. Ecosystem 5 on Heisterman Island, Huron
Co., Michigan, illustrating the low density of small
trees, absence of shrubs, and graminoid-dominated
ground cover.

spruce (Picea glauca (Moench) Voss), and balsam
fir (Abies balsamea (L.) P. Mill.) are often present
(Figure 8, Photo 7, Appendix E1). The overstory of
ecosystem 4 is dominated by northern white-cedar
(94% of overstory basal area) with alow number of
tamarack (Larix laricina (Du Roi) K. Koch) trees
(Table 3). However, only one site was sampled, and
additional species such as black ash, yellow birch
(Betula alleghaniensis Britt.), and red maple (Acer
rubrumL.) are also likely to occur within this
ecosystem. Due to poor drainage and deep organic
soil of ecosystem 7, the overstory basal area of
northern white-cedar (23.2 m%ha) is only half that
of ecosystem 1 (46.7 m?ha), and basal area of
moderately tolerant species such as black ash,

T4 Tep7ey

Photo 4. Comparison of water level of ecosystem 3in (a) mid June and (b) late July. Shrub layer isvirtually
absent and ground-cover vegetation is patchy with low species diversity due largely to the combined
influence of soil surface inundation in the growing season and relatively high tree canopy coverage.
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A. Tepley A. Tepley
Photo 5. Comparison of ecosystem 6 in the drowned rivermouth valley of the Manistee River, northwestern
Lower Michigan, to the first bottom of the Manistee River floodplain upstream, illustrating the lack of a
natural levee, widely scattered trees, numerous standing dead trees, and sedge-dominated ground-cover in the
rivermouth valley (aand b), and higher tree density with forb- and graminoid-dominated ground cover
upstream (c). In the drowned rivermouth valley of the Betsie River, ecosystem 6 is characterized by widely
scattered red ash trees are interspersed with dense clumps of speckled alder and sedge-dominated openings

(d).

A. eple A. T¢ eple
Photo 6. Ecosystem 8 in the drowned rivermouth valley of the Kalamazoo River, southwestern Lower
Michigan, illustrating (a) low tree density and the absence of a shrub layer, and (b) atypical soil profile, with

ashallow layer of fine textured alluvial soil over sand.
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A. Tepley A. Tepley

A. Tepley A. Tepley
Photo 7. Ecosystem 1 illustrating (a) high tree density and dominance by northern white-cedar at Ogontz
North, Delta Co., Michigan, (b) sphagnum hummocks at Seiner’s Point, Mackinac Co., (c) atypical soil
profile, with a shallow layer of sapric muck over fine sand with limestone cobbles at Portage Bay, Delta Co.,
and (d) multiple tree blowdown at Seiner’s Paint.

yellow birch, and red maple, is greater than that of which yields asimilar grouping of sites and similar

ecosystem 1 (Table 3, Appendix E3). All saturated associations between sites and species.

ecosystem types are characterized by a continuous The first DCA axis accounts for 13.7% of the

ground-cover layer, with high species richness variation among sites in ground-cover species

(Appendices F4, G4, and J4). composition, and it represents a hydrologic gradient.
Ecosystems characterized by inundation of the soil

Analysis of Ecosystem Types surface are represented by scores greater than 3 on

the first axis, and those characterized by saturated

Ground-Cover Species Composition soil are represented by scores less than 3 (Figure
12). Sites of ecosystems 6 and 8, where height of

Distinctness of the ecosystem types was high-water marks averages 82 and 121 c¢m,

supported by detrended correspondence analysis respectively, generally have higher first axis scores

(DCA). Ecosystem types were well distinguished in than those of ecosystems 2 and 3, where high-water

the ordination space of the first two DCA axes marks average 36 and 26 cm, respectively

(Figure 12). The first two axes account for 20.5% of  (Appendix C). High site scores within ecosystems 6

the variation among sites in ground-cover species and 8 are associated with high scores of species

abundances. Strong within-ecosystem clustering of tolerant of deep inundation during part of the

sites and clear separation of clustersin the growing season, such as common lake sedge (Carex

ordination supports the ecosystem classification. lacustris Willd.), Virginiawild rye (Elymus

The ordination was corroborated by TWINSPAN, virginicusL.), cut grass (Leersia oryzoides (L.)

Sw.), and wood nettle (Laportea canadensis (L.)
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DCA Axis2

I. LakeHuron & northern Lake Michigan
A. Northern Shoreline
O 1. Saturated swalesand
seepages

® 2. Semipermanently
inundated swales

B. Southern Shoreline
X 3. Inundated swales

+ 5. Intermittently
inundated island

Il. Eastern Lake Michigan

d C. Northern Shoreline
< 6. Valley floor
O 7. Seepage

D. Southern shoreline
< 8. Vadlley floor

DCA Axis1

Figure 12. Ordination of 41 Lake Michigan and Lake Huron coastal swamp forests of 7 ecosystem types
along the first 2 axes of detrended correspondence analysis of 98 ground-cover species.

Wedd.). Ecosystems 2, 3, and 5 encompass a harrow
range along the first axis, corresponding to scores of
species tolerant of shallow inundation for alarge
portion of the growing season, including fowl
manha grass (Glyceria striata (Lam.) Hitchc.),
tufted loosestrife (Lysimachia thyrsiflora L.), mad
dog skullcap (Scutellaria lateriflora L.), blue joint
grass (Calamagrostis canadensis (Michaux)
Beauv.), and tussock sedge (Carex stricta Lam.).
Low first axis scores of numerous species that often
occur in wet but not inundated sites, including
starflower (Trientalis borealis Raf.), Canada
mayflower (Maianthemum canadense Desf.), oak
fern (Gymnocarpium dryopteris (L.) Newm.), dwarf
bishop's cap (Mitella huda L.), and goldthread
(Coptistrifolia (L.) Salish.) clearly distinguish
ecosystems 1 and 7 from ecosystems 2, 3, 5, 6, and
8 dong thefirst axis (Figure 12).

The second DCA axis accounts for 6.8% of the
variation among sites in ground-cover species
abundances. It represents a general north-south
gradient, where sites located along southern
shorelines generally have higher scores than those
located further north. Although sites representing
ecosystems 1 and 7 were not separated from each
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other along the first axis, they are reasonably
separated along the second axis due to high scores
of cinnamon fern (Osmunda cinnamomea L.) and
spicebush (Lindera benzoin (L.) Blume) associated
with ecosystem 7 (Photo 8), and low scores of
numerous species, including twinflower (Linnaea
borealis L.), creeping snowberry (Gaultheria
hispidula (L.) Bigelow), and gay wings (Polygala
paucifolia Willd.) associated with ecosystem 1
(Figure 12). Ecosystems 6 and 8 also are reasonably
separated along the second axis due to high scores
of wood nettle, false nettle (Boehmeria cylindrica
(L.) Sw.), and reed canary grass (Phalaris
arundinacea L .) associated with ecosystem 8, and
low scores of common lake sedge and sensitive fern
(Onoclea sensibilis L.) associated with ecosystem 6.
Although ecosystems 2, 3, and 5 were not clearly
distinguished from each other along the first axis, a
low score of tussock sedge separates ecosystem 2
from ecosystem 3 along the second axis. Low scores
of species characteristic of open meadows, such as
tussock sedge, blue joint grass, marsh skullcap
(Scutellaria galericulata L.), and wild mint (Mentha
arvensisL.), separate ecosystem 5 from ecosystem 3
along the second axis (Figure 12).



Photo 8. Ecosystem 7 along the Big Sable River,
Mason Co., Michigan, illustrating high tree density
and the abundance of cinnamon fern in the ground
cover.

Vegetation—Environment Relationships

Canonical correspondence analysis (CCA)
revealed interrelationships among environmental
and stand structure variables and ground-cover
species composition that further corroborate the
ecosystem classification. The first two CCA axes
account for 53.5% of the ground-cover species-
environmental and stand structure variation, and the
F ratios of both axes are significant (P < 0.01)
(Table 4). The stepwise Monte Carlo procedure
reveals that variables relating to hydrology and soil

are more important in explaining variation among
sitesin ground-cover species composition than
stand structure variables. As determined by the
stepwise Monte Carlo procedure, the four most
important variables, in order of decreasing
significance, are: range of surface soil pH, height of
the high-water mark, depth of organic soil, and
coverage of shrubs. Although the first four variables
are significant (P < 0.05), overstory basal area, large
understory stem density, and overstory density are
not significant (P > 0.1). The variable, density of
tree seedlings taller than 50 cm, is of borderline
significance (P = 0.05) (Table 4).

Thefirst axis represents a gradient relating
primarily to degree of soil inundation and within-
site variability of soil surface pH. Height of the
high-water mark has a strong positive correlation
with the first axis, and range of soil surface pH has a
strong negative correlation (Table 4). The opposite
influence of these variables (as indicated by arrows
in Figure 13) illustrates the importance of
relationships between hydrologic regime and
microtopographic relief in regulating soil surface
pH and species distribution (Vitt et al. 1975, Boelter
and Verry 1977, Huenneke and Sharitz 1986, Titus
1990). Asindicated by positive site scores for al
inundated ecosystem types, periodic inundation of
the entire soil surface by cal careous groundwater
resultsin auniform, high soil surfacepH (7.2—-7.3
in ecosystems 2, 3, 5, 6, and 8) (Table 2, Appendix

Table 4. Eigenvalues and weighted inter-set correlations for the fist two axes of canonical correspondence
analysis of 98 ground-cover species of 41 Lake Michigan and Lake Huron coastal swamp forests,
constrained by 8 environmental and stand structure variables. Variables are listed in decreasing order of
significance, as determined by Monte Carlo permutation (a. = 0.05).

CCA Axis1 CCA Axis2
Eigenvalue 0.793 0.445
Species-environment correlation 0.978 0.928
Cumulative % variance of species 124 19.3
Cumulative % variance of species-environment relation 34.2 535
Correlations
pH range at the soil surface (pH-RANGE) -0.906 0.007
Average height of high-water mark, cm (HWM) 0.799 -0.189
Depth of organic soil, cm (MUCKD) -0.493 0.549
Coverage of shrubs, % (SHRUB) 0.204 0.409
Density of tree seedlings taller than 50 cm, seedlings/ha (T SEED) -0.313 -0.183
Overstory basal area, m%ha (OBA) -0.734 -0.355
Large understory density, stems/ha (UDEN) -0.170 0.080
Overstory tree density, stems/ha (ODEN) -0.889 -0.187
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Figure 13. Ordination of 41 Lake Michigan and Lake Huron coastal swamp forests of 7 ecosystem types
derived from canonical correspondence analysis of 98 ground-cover species and 8 environmental and stand
structure variables (arrows indicate the direction and magnitude of the influence of environmental and stand
structure variables; variable codes are the same as those listed in Table 4).

C). In contrast, awide range of soil surface pH
occursin ecosystems 1 and 7 (4.4-7.1 and 4.2—7.5,
respectively), where the organic soil remains
saturated throughout the growing season, but
numerous tip-up mounds and hummocks stand
higher than the maximum water level. As aresult of
the wide range of soil surface pH, species
characteristic of acid conditions, such as creeping
snowberry, sedge (Carex trisperma Dewey),
twinflower, and Canada mayflower, occur adjacent
to species characteristic of calcareous soil, such as
alder-leaved buckthorn (Rhamnus alnifolia L' Her.)
and sedge (Carex eburnea Boott). Thus, negative
first axis scores of numerous acidifiles, and severa
calcifiles that do not usually grow under inundated
conditions distinguish saturated from inundated
ecosystems along the first axis (Figure 13).
Variables that have a strong influence on the
separation of ecosystems along the second axis
include depth of organic soil, shrub coverage, and
overstory tree density (Table 4). The opposite
influences of organic soil depth and overstory tree
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density clearly separate sites of ecosystem 7 from
those of ecosystem 1 along the second axis. In
ecosystem 7, the constant influx of groundwater due
to the location at the base of steep slopes resultsin a
deep accumulation of sapric and hemic muck
(average depth >150 cm) that supports a markedly
lower overstory tree density (1,321/ha) than that of
ecosystem 1 (2,145/ha), where the substrate is
shallow sapric muck (average depth 27 cm). The
resulting lower tree canopy coverage of ecosystem 7
favors a greater abundance of light-demanding
species, such as cinnamon fern, spotted joe-pye
weed (Eupatorium maculatumL.), and marsh fern
(Thelypteris palustris Schott), whose positive
second axis scores distinguish ecosystem 7 from
negative scores of ecosystem 1 (Figure 13).
Inundated ecosystem types are reasonably
separated from each other along a gradient relating
to shrub coverage and overstory tree density on the
second axis. Low tree density and high shrub
coverage of ecosystem type 2 distinguish it from
ecosystem 3 along the second axis (Figure 13). Due



to the low elevation of ecosystem 2 in relation to
lake levels, tree density is low, and coverage of
shrubs including speckled alder (Alnus rugosa
(Duroi) Sprengel), bog birch (Betula pumila L.), and
meadowsweet (Spiraea alba Duroi) is high.
Likewise, alow tree density in ecosystem 5, due to
its elevation below the maximum lake level, results
in its distinction from ecosystem 3 due to high
second axis scores of species characteristic of open
meadows, including wild mint, marsh skullcap, and
blue joint grass (Figure 13).

Land-Cover Analysis

Because each minor shoreline segment contains
two ecosystem types—one dominated by conifers and
the other by hardwoods, analysis of Circa 1800 land
cover (Comer et al. 1995a), where land cover can
easily be classified as conifer- of hardwood-
dominated swamp, provides a reasonable estimate
of the abundance of each ecosystem type prior to
European settlement. Analysis of IFMAP/GAP
Michigan 2000 land cover (MDNR 2001) within
areas identified as hardwood- and conifer-
dominated swamp in the Circa 1800 data set
approximates the amount of each type that has been
lost. Although the southern Lake Huron shoreline
contains three ecosystem types—two dominated by
hardwoods and one by conifers, one of the
hardwood-dominated ecosystems (ecosystem 5) is
restricted to Heisterman and Maisou | slands, where
limestone bedrock is within 100 cm of the soil
surface. We assume that the spatial distribution of
ecosystem 5 was aways highly limited, and it has
minimal contribution to the total area of hardwood-
dominated swamp along the southern Lake Huron
shorelinein either land-cover data set.

Conifer-dominated swamp was historically
abundant along the northern Lake Michigan and
Lake Huron shorelines (minor shoreline segment A),
and a substantial portion of the Circa 1800 conifer-
dominated swamp remains largely unchanged today.
At the time of the GLO surveys, 56% of the land
along northern shorelines at an elevation below 180
m was identified as wetland: 47% forested and 9%
non-forested (Figure 14). Whereas conifer-
dominated swamp (an approximation of ecosystem
1) accounted for 97% of the forested wetland,
hardwood-dominated swamp (an approximation of
ecosystem 2) accounted for only 3%. Although 36%
of the Circa 1800 conifer-dominated swamp
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Figure 14. Comparison of historical land cover
(Comer et al. 1995a) among four minor shoreline
segments (minor shoreline segment letters
correspond to Table 2 and Figure 7; land cover was
calculated for all land at elevations below 180 m
and contiguous to the shore).

remained in the 2000 data set, only 1% of the
hardwood-dominated swamp remained (Figure 15).
Conversion of both types was primarily to non-
forested wetland. Twenty-five percent of the Circa
1800 conifer-dominated swamp and 56% of the
hardwood-dominated swamp were classified as non-
forested wetland in the 2000 data set (Figure 15).

In contrast to northern shorelines, hardwood-
dominated swamp was historically more abundant
than conifer-dominated swamp along the southern
Lake Huron shoreline (minor shoreline segment B).
Over the last 200 years, the majority of both types
has been converted to agricultural land cover. In the
Circa 1800 data set, 79% of the southern Lake
Huron shoreline at an elevation below 180 m was
classified as wetland: 38% forested and 41% non-
forested (Figure 14). Hardwood-dominated swamp
(an approximation of ecosystem 3) accounted for
73% of the forested wetland and conifer-dominated
swamp (an approximation of ecosystem 4)
accounted for 27%. By 2000, only 11% of the Circa
1800 hardwood-dominated swamp and 7% of the
conifer-dominated swamp remained (Figure 15).
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Because both types were converted primarily to
agricultural land cover (62% of the hardwood-
dominated swamp and 48% of the conifer-
dominated swamp) (Figure 15), restoration likely
involves re-establishment of natural hydrologic
regimes, soil, and vegetation.

Historically, drowned river-mouth valleys of
northwestern Lower Michigan (minor shoreline
segment C) contained approximately equal
proportions of hardwood- and conifer-dominated
swamp. Substantial portions of both types remained
largely unchanged in 2000. At the time of the GLO
surveys, forested wetland accounted for 41% of the
land at an elevation below 180 m in the drowned
river-mouth valleys (Figure 14). Fifty-six percent of
the forested wetland was dominated by hardwoods
(an approximation of ecosystem 6) and 44% by
conifers (an approximation of ecosystem 7). By
2000, 27 and 32% of the hardwood- and conifer-
dominated swamp, respectively, remained (Figure
15). Whereas conversion of hardwood-dominated
swamp was primarily to non-forested wetland
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(65%), conifer-dominated swamp was converted to
approximately equal proportions of hardwood-
dominated swamp (27%) and non-forested wetland
(25%) (Figure 15).

In contrast to northwestern Lower Michigan,
hardwood-dominated swamp was considerably more
abundant than conifer-dominated swamp in drowned
river-mouth valleys of southwestern Lower
Michigan (minor shoreline segment D). At thetime
of the GL O surveys, hardwood-dominated swamp
(an approximation of ecosystem 8) accounted for
85% of the forested wetland, and conifer-dominated
swamp (an approximation of ecosystem 9)
accounted for 15% (Figure 14). Whereas a
substantial portion of the historical hardwood-
dominated swamp (29%) remained by 2000,
conifer-dominated swamp was virtually eliminated
(only 2% remained) (Figure 15). Conversion of both
types was primarily to non-forested wetland: 65% of
the Circa 1800 hardwood-dominated swamp and
44% of the conifer-dominated swamp (Figure 15).



GENERAL DISCUSSION

Ecosystem Classification

The ecological classification of swamp forests
along the Lake Michigan and Lake Huron
shorelines illustrates the broad diversity of coastal
swamp forests in Michigan. Classification of
coastal swamp forests was conducted in a top-down
manner by dividing the shorelinesinto maor and
minor shoreline segments that were progressively
more homogeneous in physiography and climate
until several local ecosystem types recurred within
each minor shoreline segment, reflecting underlying
patterns of physiography, hydrology, soil, and
vegetation. Two Mgjor Shoreline Segments, four
Minor Shoreline Segments, and nine Ecosystem
Types were identified and described. Magjor
shoreline segments were distinguished based
primarily on the generic landform where swamp
forests occur—former embayments along Lake
Huron and northern Lake Michigan, and drowned
river mouths along eastern Lake Michigan (Table 2,
Figures 3-6). Each major shoreline segment was
divided into a northern and southern Minor
Shoreline Segment on the basis of gross climatic
and physiographic characteristics influencing
hydrologic regime, soil properties, and species
distribution (Table 2, Figure 7, Appendix B).

At the finest level of classification, two or three
ecosystems types (nine ecosystemsin all) were
nested within each minor shoreline segment (Table
2, Appendices B and C). Ecosystem types of each
minor shoreline segment were distinguished based
on their position relative to the shoreline, and the
corresponding physiography, hydrology, soil, and
vegetation (Figures 8-11). Ecosystems located at a
low elevation and close to shore (ecosystems 2, 3,
5, 6, and 8) were characterized by periodic
inundation, mineral soil (or shallow sapric muck in
ecosystem 2), and aforest canopy dominated by
hardwoods. Ecosystem types located further from
shore and at a higher elevation (ecosystems 1, 4, 7,
and 9) were characterized by saturated organic soil
and a conifer-dominated forest canopy (Tables 2
and 3).

Whereas the classification of coastal swamp
forests was developed by first dividing the
shorelines geographically based on gross
physiographic and climatic characteristics, then
identifying local ecosystem types on the basis of
fine-scale physiography, hydrology, soil, and

vegetation, other classifications of Great Lakes
coastal wetlands have focused primarily on
hydrogeomorphic characteristics (Minc and Albert
1998, Keough et a. 1999). Due to strong emphasis
on physiography in developing both types of
classification, they are largely compatible. For
example, Major Shoreline | (Lake Huron and
northern Lake Michigan), where swamp forests
occur in swales and depressions within former
embayments (Table 2, Figures 3-5), correspondsto
the Protected Wetland Type of Keough et a. (1999)
and the Protected Embayment Site Type of Minc
and Albert (1998). Similarly, Major Shoreline
Segment |1 (eastern Lake Michigan), where swamp
forests are restricted to valleys at the mouths of
Lake Michigan tributaries (Table 2, Figure 6,
Appendices A1-A6), corresponds to the Drowned
River Mouth and Flooded Wetland Type of Keough
et a. (1999) and Lake Michigan Lacustrine
Estuaries of Minc and Albert (1998).

Compared to our classification, classifications
based primarily on hydrogeomorphology have the
advantage of more direct application to the entire
shorelines of all Great Lakes. However,
climatically-driven regional differences among
ecosystem types represented in our classification are
not represented in such classifications. For example,
Keough et al. (1999) developed a classification
where all Great L akes wetlands can be classified as
one of the following three types: open coastal
wetland, drowned river mouth and flooded delta
wetlands, and protected wetlands. Although this
classification establishes a framework where biotic
characteristics of each hydrogeomorphic type can be
compared along climatic gradients or among the
Great Lakes, it does not account for characteristic
groupings of coastal wetland types along a given
stretch of shoreline due to the influence of
surrounding upland features or bedrock type. Nor
does it account for marked biotic differences
between similar physiographic features along
different parts of the shoreline reflecting climatic
characteristics or differences in the historical
development of the wetland due to differential rates
of post-glacial uplift. However, the issue of
identifying broad climatic regions was addressed by
Minc (1997) and Minc and Albert (1998) through
cluster analysis of vegetation data for the entire
Great Lakes shorelines. They also addressed
development of broader physiographic map units
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with repeated occurrences of geomorphic wetland
typesin their description of ecoreaches (Minc 1997,
Minc and Albert 1998, Chow-Fraser and Albert
1998). Such broad physiographic map units closely
correspond to major and minor shoreline segments
of our classification.

Because the classification of coastal swamp
forests was devel oped for the Lake Michigan and
Lake Huron shorelinesin Michigan, applying it to
the entire shorelines of all Great Lakeswould likely
require revision of the hierarchical organization of
ecosystems and description of additional ecosystem
types. However, because geographic divisions of the
coastal swamp classification reflect gross
physiographic and climatic factors that have a
strong influence on the spatial distribution of
swamp ecosystems, the classification provides a
sound basis to interpret geographic patterns of
coastal swamp ecosystems at multiple spatial scales.
At abroad scale, each minor shoreline segment is
characterized by a different group of ecosystem
types (Table 2, Appendix B). The pattern of local
ecosystem types within each minor shoreline
segment reflects underlying fine-scale patterns of
physiography, hydrology, soil, and vegetation
(Figures 8-11). Although additional research is
required before this classification can be applied to
the remaining Great L akes shorelines, broad and
fine-scale differences in the geographic distribution
of coastal swamp ecosystems reflecting climatic and
physiographic characteristics of the shorelines are
represented. Likewise, the coastal wetland
classification of Minc and Albert (1998)
incorporates climatic factors and regional land-use
patterns to account for factors in addition to
hydrogeomorphology that influence vegetative
composition of Great Lakes coastal wetlands.

Regional Comparisons

Substantial differences between swamp types
located within similar landforms but in a different
regional context areillustrated by comparing
ecosystem types 1 and 3. Ecosystems 1 and 3
occupy swales and depressions situated between
beach ridges within former embayments along
northern Lake Huron and Lake Michigan (Minor
Shoreline Segment A) and southern Lake Huron
(Minor Shoreline Segment B), respectively (Table 2,
Figures 8 and 9). Although these ecosystems occur
within asimilar elevational range and at a similar
distance from shore, marked differences between
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them in hydrology, soil, and vegetation reflect
differencesin climate, as well as differencesin
long-term successional development of the swamps
due to greater rates of isostatic uplift along northern
than southern shorelines (Larsen 1985, 1994).
Whereas the substrate of ecosystem 1 (northern
shorelines) is sapric muck over sand and it remains
saturated throughout the growing season, the
substrate of ecosystem 3 (southern Lake Huron) is
sand, and it lacks a layer of organic soil on top of it.
The average depth of sapric muck in ecosystem 1
(27 cm) isadmost identical to the average height of
high water marks in ecosystem 3 (26 cm) (Appendix
C). Thus, early in the growing season when the
water table is close to the soil surface of ecosystem
1, the soil surface of ecosystem 3isentirely
inundated. Later in the growing season, the water
table falls below the soil surface of both
ecosystems. Because water is not easily drained
from the small pores of sapric muck (Boelter and
Verry 1977), near saturated conditions are
maintained in ecosystem 1. In contrast, water drains
readily from sand at the soil surface of ecosystem 3
after the water table recedes.

Differences between ecosystem types 1 and 3 in
hydrology and soil result in marked differencesin
vegetation. Ecosystem 1 was dominated by northern
white-cedar (Table 3), and the ground-cover layer
was continuous and highly diverse. Seasonal
inundation in ecosystem 3 favored dominance by
silver maple and red ash, the major dominants of
seasonally inundated bottoms of river floodplainsin
Michigan (Baker and Barnes 1998, Goforth et al.
2001). Ground-cover vegetation was sparse, and
species diversity was low due to inundation by
stagnant water throughout much of the growing
season.

Another example of regional differences among
ecosystem types located within asimilar
physiographic context isillustrated by comparing
ecosystems of drowned river-mouth valleys along
the eastern Lake Michigan shoreline. Ecosystems 6
and 8 occupy the flat valley floor of drowned river
mouths in northwestern and southwestern Lower
Michigan (Minor Shoreline Segments C and D,
respectively) (Table 2, Figure 7). Although these
ecosystems are similar in physiography and soil,
total overstory basal area of ecosystem 6 (28.7 m?%/
ha) was 36% |lower than that of ecosystem 8 (45.1
m?/ha) due primarily to the shorter growing season
and colder temperatures (Table 3). In addition,
several ground-cover species with a southerly range,



such as lizard’s tongue, sedge (Carex grayi Carey),
and false dragonhead (Physostegia virginiana (L.)
Bentham) were abundant in ecosystem 8, but absent
from ecosystem 6 (Appendix J4).

Coastal Swamp Hydrology
Influence of Great Lakes Water Levels

Forest vegetation is generally considered
restricted to elevations above the maximum lake
level (Keddy and Reznicek 1986, Edsall et al.
1988). Nevertheless, 2 of the 42 study sites were
located at an elevation below the maximum annual
lake level of 177.1 m (Bishop 1990). The hydrologic
regime at these sites, Ossineke (ecosystem 2) and
Heisterman and Maisou |slands (ecosystem 5) was
directly influenced by the lakes (Figures 8 and 10).
However, because most sites were located at
elevations above the maximum lake level, the
influence of the Great Lakes on the hydrology of
most coastal swamp forests is indirect, through the
effects of lake level fluctuation on local
groundwater elevation.

In contrast to sites |ocated above the maximum
lake level, the soil surface of ecosystems 2 and 5
likely remains inundated throughout the growing
season when lake levels are high. Periodic
persistence of surface water throughout the growing
season results in marked differences in forest
composition and structure from the other ecosystem
types. Total overstory basal area of ecosystems 2
and 5 (21.3 and 22.3 m?/ha, respectively) was
substantially lower than that of the seasonally
inundated ecosystem types located at a slightly
higher elevation (37.4, 28.7, and 45.1 m?hain
ecosystems 3, 6, and 8, respectively (Table 3).
Furthermore, whereas red ash dominated the
overstory of ecosystems 2 and 5, accounting for 81—
90% of the overstory basal area, seasonally
inundated ecosystems 3, 6, and 8 located above the
maximum lake level were dominated by both red
ash and silver maple. The Kirk Road site of
ecosystem 3, which was located closer to shore and
at alower elevation than the other sites of this
ecosystem, was also dominated by red ash, and
silver maple was absent (Appendix E2).

Dominance by red ash and the near absence of
silver maple in ecosystems where surface water
persists throughout the growing season during
periodic high lake levelsis probably due to a greater
tolerance of red ash than silver maple to oxygen

deficiency under prolonged soil inundation. Hook
(1984) reported that mature silver maple trees died
after two years of continuous inundation, but it took
three to four years of inundation to kill mature red
ash trees. Growth responses and physiological
adaptations of red ash to oxygen deficiency, such as
the ability to form adventitious roots (Photo 9)
(Gomes and Kozlowski 1980), may contribute to the
persistence of red ash in ecosystems 2 and 5, as well
as low-elevation sites of ecosystem 3. However,
because seedling establishment of silver maple may
be dependent on the presence of bare mineral soil
(Bell 1974), the near absence of silver maple from
ecosystems 2 and 5 also may be related to alack of
sites for seedling establishment in these ecosystems,
where the ground-cover is characterized by dense,
continuous coverage of graminoids.

In contrast to ecosystem types 2 and 5, the
hydrologic regime of ecosystems located above the
maximum lake level was indirectly influenced by
the lakes, through the influence of lake-level
fluctuation on local groundwater elevation. Along
Lake Huron and northern Lake Michigan, swamp
forests are located within former embayments
(Figures 3-5). Due to curvature of the shoreline,
groundwater flow converges in such embayments,
increasing flow by as much as 500% relative to
straight shoreline stretches (Cherkauer and
McKereghan 1991). As aresult, water levels up to
2.4 m higher than the lake have been recorded in
inter-ridge wetlands within former embayments
(Thompson and Beadke 1997). Near the shore,
groundwater head gradients are forced to adjust to
lake-level fluctuation in order to maintain
continuous flow. Because such adjustments affect
local groundwater elevation, fluctuation in
groundwater elevation of inter-ridge wetlands likely
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Photo 9. Adventitious roots on red ash treesin
ecosystem 3 at Kirk Road, Tuscola Co., Michigan.
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responds to lake-level fluctuation, even at elevations
higher than the lake. Weekly water-level
measurements in a beach ridge and swale complex
along southwestern Lake Michigan revea ed that
water-level fluctuation in inter-ridge wetlands
paralleled that of Lake Michigan, and the degree of
correspondence to the lake increased with
decreasing distance from shore (Visocky 1977). The
effects of lake-level fluctuation on groundwater
elevation may extend far inland along Saginaw Bay
due to the long, gradual slope above the shore
(Figure 5) and the shallow depth to impervious clay
or bedrock (Figure 9). Likewise, the effect of lake-
leve fluctuation on groundwater in drowned river-
mouth valleys along eastern Lake Michigan may
extend several km inland (Figure 6, Appendices A1—
A6) (Herdendorf 1990).

Soil Saturation vs. | nundation

Forest composition differed considerably
between ecosystem types characterized by periodic
soil inundation (ecosystems 2, 3, 5, 6, and 8) and
those characterized by saturated soil (ecosystems 1,
4,7, and 9). Whereas red ash, or silver maple and
red ash, were the dominant overstory species of all
inundated ecosystems, conifers including northern
white-cedar, balsam fir, white spruce, black spruce,
eastern hemlock, and tamarack were among the
dominant overstory species of the saturated
ecosystems (Table 3). Additional overstory species
present in most saturated ecosystems, such as red
maple, yellow birch, and black ash, were either
absent, or present in low numbers, often on elevated
microsites, in the inundated ecosystems (Figure 8).

The correspondence of silver maple and red ash
to inundated ecosystem types, and affinity of
conifers, yellow birch, black ash, and red maple to
saturated ecosystemsis similar to the distribution of
tree species among saturated and inundated sites
documented in other areas. In an Ontario swamp
dominated by northern white-cedar, daily
measurements with a soil tensiometer revealed that
soil at depths of 15, 30, and 45 cm remained
saturated throughout the growing season
(Stephenson and Hodgson 1996). In New York,
substantial differencesin hydrology were useful in
distinguishing swamps dominated by silver maple
and red ash from those dominated by eastern
hemlock, yellow birch, and red maple (Huenneke
1982). Hemlock-yellow birch-red maple swamps
occurred on muck that remained moist, even in the
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driest summer months, and ground-cover species
diversity was considerably greater than that of silver
maple-red ash swamps. In contrast, the soil surface
of silver maple-red ash swamps was dry latein the
growing season, and low ground-cover species
diversity combined with high abundance of species
such as wood nettle and water hemlock (Cicuta
maculata L.) suggest that the soil surface was
inundated earlier in the growing season (Huenneke
1982). Inundated silver maple-dominated swamps
also have been described along shores of numerous
lakes in Canada, including Lake Huron, Lake Erie,
and Lake Ontario (National Wetlands Working
Group 1988). Asin coastal swamp ecosystems of
Michigan, silver maple-dominated swamps of
Canada were characterized by seasonal inundation,
where surface water persisted 12—105 days.

Differential growth responses and physiological
adaptations of tree seedlings to oxygen deficiency
under soil inundation likely account for the marked
differences in species composition between
saturated and inundated ecosystems. Seedlings of
silver maple, amajor dominant of inundated
ecosystems, exhibited considerable tolerance to
complete inundation in the greenhouse (Hosner
1960). All seedlings survived 30 days and exhibited
rapid height-growth when water was drawn down.
In contrast, seedlings of red maple, which was
absent from most inundated ecosystems (Table 3),
were al killed after 20 days of inundation. Red
mapl e seedlings that survived 10 days of inundation
exhibited poor height-growth when water was
drawn down (Hosner 1960). However, when red
mapl e seedlings were grown under saturated
conditions, all seedlings survived 32 days and
responded with rapid height-growth when water was
drawn down (McDermott 1954). Similarly, tamarack
was present in the overstory of saturated ecosystem
types 1, 4, and 7, but it was absent from all
inundated ecosystems, except ecosystem 2, where it
was restricted to relatively high microsites along the
margin of the swale (Table 3). Field observationsin
Minnesota suggest that complete inundation kills
tamarack seedlingsin 7—10 days, but submergence
of only the roots (i.e., soil saturation) caused little if
any mortality (Duncan 1954).

Hydrology and Microtopography
I nterrel ationships between microtopographic

relief and hydrology played a strong role in
determining species composition of coastal swamp



ecosystems. In inundated ecosystem types
(ecosystems 2, 3, 6, and 8), depth and duration of
soil inundation were reduced on microsites elevated
above the general ground level. Thus, seedling
establishment and recruitment on such microsites
largely account for the persistence of tree species
that could not otherwise tolerate prolonged
inundation. For example, in ecosystem 3, eastern
cottonwood and swamp white oak were restricted to
microsites elevated above the general ground level
(Figure 9). Prior to the introduction of Dutch elm
disease, American elm also probably reached
canopy size on small risesin ecosystem 3 (Figure
9). The influence of elevated microsites on tree
species distribution is also illustrated in ecosystem
2, where red ash was common in low parts of the
swale, where high-water marks up to 50 cm above
the soil surface were recorded on their boles.
However, balsam fir, red maple, tamarack, and
paper birch were restricted to higher microsites
along the margins of the swale (Figure 8).

A similar correspondence of certain tree species
to elevated microsites has been documented in
inundated hardwood-dominated swamps of Florida
(Titus 1990). Most tree seedlings were restricted to
microsites 10 cm or more above a distinct moss line
on the boles of trees that indicated the seasonal high
water level. Likewise, numerous studies have
documented microtopography as a major factor
determining species distribution in inundated
riparian forests (Hupp and Osterkamp 1985,
Huenneke and Sharitz 1986, Jones et al. 1996,
Williams et al. 1999, Dixon et a. 2002).

In addition to providing sites for seedling
establishment and recruitment in inundated
ecosystems, elevated microsites have a strong
influence on soil surface pH and ground-cover
species diversity in saturated ecosystems. Numerous
studies have demonstrated substantial differencesin
soil pH among wetland types, such as bogs and fens
(Schwintzer and Tomberlin 1982, Siegel and Glaser
1987). To alarge extent, factors that account for
differences in pH among wetland types also operate
at asmall scale, resulting in considerable
differencesin pH among microsites within a
wetland (Vitt et al. 1975, Boelter and Verry 1977).
Whereas wetlands that receive base cations and
bicarbonate from groundwater have a soil pH higher
than 5.6, the soil surface pH of wetlands that receive
water solely from the atmosphere is generally lower
than 4.4 due to the effects of organic acids
(Swanson and Grigal 1989). Bicarbonate-rich

groundwater in wetland complexes along Lake
Michigan and Lake Huron maintains a high soil
surface pH (Hiebert et al. 1986, Wilcox and
Simonin 1987). However, because mounds and
hummaocks of the saturated ecosystems stand higher
than groundwater elevation, their soil surface was
probably more strongly influenced by rain water
than ground water. Thus, saturated ecosystems are
characterized by a high soil surface pH in hollows
between hummaocks (7.1, 7.5, and 7.2 in ecosystems
1, 7, and 9, respectively), but the soil surface pH on
mounds and hummocksis very strongly acid (4.4,
4.2,and 4.5 in ecosystems 1, 7, and 9, respectively)
(Table 2). Similarly, depressions in sandy outwash
plains, where peat deposits have not built up enough
to isolate surface water from ground water are
characterized by a high soil surface pH, except on
sphagnhum hummaocks, where the soil is acid
(Boelter and Verry 1977). Likewise, Vitt et al.
(1975) reported a difference of 1.0 to 1.5 pH units
from the top to the bottom of hummocks in bogs of
northern Lower Michigan.

As determined by canonical correspondence
analysis and stepwise Monte Carlo procedures,
range of soil surface pH was the most significant
environmental factor accounting for variation
among sites in ground-cover species compoasition
(Table 4, Figure 13). In inundated ecosystems,
periodic inundation by groundwater rich in base
cations and bicarbonate maintains a uniform,
circumneutral soil surface pH, thereby resulting in
the absence of acidifilesin the ground cover. In
contrast, acidifiles such as creeping snowberry,
sedge (Carex trisperma Dewey), and goldthread
occurred adjacent to calcifiles including alder-
leaved buckthorn and sedge (Carex eburnea Boott),
in the saturated ecosystems due to local acid and
circumneutral conditions on hummocks and
hollows, respectively. Although acid soil was only
found within afew cm of the soil surface, the depth
of acid soil corresponds to the rooting depth of
many ground-cover species.

Similar occurrence of acidifiles adjacent to
calcifiles has been documented at other swamps
characterized by pit and mound microtopography. In
a hardwood-conifer swamp in central New York,
putative calcifiles such as Canada mayflower,
partridge berry (Mitchella repens L.), goldthread,
starflower, and bluebead-lily (Clintonia borealis
(Aiton) Raf.) were restricted to mounds, and species
that do not exhibit a strong affinity to acid soil,
including jewelweed (Impatiens capensis Meerb.),
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sensitive fern (Onoclea sensibilisL.), and
bugleweed (Lycopus uniflorus Michx.) were located
primarily in depressions (Paratley and Fahey 1986).
Likewise, in a northern hardwood forest
characterized by well developed pit and mound
microtopography, Beatty (1985) found alower pH
on mounds than in adjacent pits. As aresult,
presumed acidifiles, such as Canada mayflower,
were common on mounds, and species characteristic
of moist, rich conditions, such as blue cohosh
(Caulophyllum thalictroides (L.) Michx.) and two-
leaved toothwort (Dentaria diphylla (Michx.)
Wood), were restricted to pits (Beatty 1985).

Restoration Priorities
Regional Considerations

The ecological classification organizes coastal
swamp ecosystems within a geographical hierarchy,
thereby facilitating designation of restoration
priorities among ecosystem types due to their
regional distribution and differential degrees of
degradation among them relating to regional land-
use patterns. Each minor shoreline segment contains
one ecosystem type dominated by conifers and
another ecosystem dominated by hardwoods (or one
conifer-dominated ecosystem and two hardwood-
dominated ecosystems along the southern Lake
Huron shoreline) (Tables 2 and 3). Because
hardwood- and conifer-dominated swamp can easily
be distinguished from GLO survey records, Circa
1800 land cover (Comer et al. 1995a) provides a
reasonabl e approximation of the historical
distribution of each ecosystem type (Figure 14).
Analysis of present land cover within areas
identified as Circa 1800 swamp forest provides a
reasonabl e estimate of the portion of the historical
swamp that remains (Figure 15). High conservation
benefits can be achieved by restoration of
ecosystems types where the historical distribution
has been markedly reduced (Palik et al. 2000). In
addition, conservation benefits can be enhanced by
prioritizing restoration efforts to ensure that the
present representation of each ecosystem typeis
proportional to its historical abundance along its
respective shoreline segment. Furthermore, focusing
restoration efforts on sites that require the least
restoration effort will increase conservation
benefits.

Because swamp forests occur in a different
generic type of landform along each magjor shoreline
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segment, each shoreline segment is characterized by
adifferent type of land-use history. The location of
swamp forests within former embayments along the
Lake Huron and northern Lake Michigan shorelines
(Major Shoreline Segment 1) facilitated drainage to
allow for urban and agricultural development.
Because local groundwater hydrology has a strong
influence on hydrologic regimes of such swamps,
excavation of drainage ditches could cause
sufficient lowering of the water table to enable
urban or agricultural development. Such drainage
was most apparent along the southern Lake Huron
shoreline (Minor Shoreline Segment B), where 43%
of the Circa 1800 hardwood-dominated swamp and
54% of the conifer-dominated swamp had been
converted to urban or agricultural land cover (Figure
15). Drainage of conifer-dominated swamps and
burning of their organic soil to allow for agricultural
land use was documented in early soil surveys of
Tuscola and Saginaw Counties (Deeter and
Matthews 1926, Moon et al. 1938).

The location of swamp forests in drowned river-
mouth valleys along the eastern Lake Michigan
shoreline (Major Shoreline Segment 1) largely
prohibited drainage for urban and agricultural
devel opment. Because drowned river-mouth valleys
are the outlets of large watersheds, drainage could
not substantially be altered without drastic changes
to the entire watershed. Thus, by 2000, only 8% of
the Circa 1800 hardwood-dominated swamp and
11% of the conifer-dominated swamp had been
converted to urban or agricultural land cover along
eastern Lake Michigan in southwestern Lower
Michigan (Minor Shoreline Segment D) (Figure 15).
Conversion to urban and agricultural land cover was
less common in northwestern Lower Michigan
(Minor Shoreline Segment C).

Within each major shoreline segment,
substantial differences between northern and
southern minor shoreline segments in the historical
abundance of hardwood- and conifer-dominated
swamp, are essential in prioritizing restoration
efforts. Also, marked regional differencesin the
degree of loss of conifer- and hardwood-dominated
swamp are instrumental in assigning restoration
priorities among ecosystems. Along the northern
Lake Michigan and Lake Huron shorelines (Minor
Shoreline Segment A), conifer-dominated swamp
historically accounted for 97% of the forested
wetland and hardwood-dominated swamp accounted
for 3% (Figure 14). By 2000, a substantial area of
conifer-dominated swamp remained (36%), but



hardwood-dominated swamp was practically
eliminated (only 1% remained) (Figure 15). Despite
the near elimination of hardwood-dominated swamp
along this shoreline segment, restoration of
ecosystem 1 should be a higher priority than that of
ecosystem 2 due to the markedly greater historical
abundance of conifer-dominated swamp. Because
both the historical and present distribution of
hardwood-dominated swamp are notably limited,
efforts to restore ecosystem 2 should be limited to
the low number of inundated swales near the shore
where the duration of inundation is not too long to
prevent trees from attaining a size large enough to
survive inundation throughout the growing season.
Identification of such sites would require long-term
monitoring of water levels within swales.

In contrast to the northern shorelines,
hardwood-dominated swamp historically accounted
for a considerably greater portion (73%) of the
forested wetland along southern Lake Huron (Minor
Shoreline Segment B) than conifer-dominated
swamp (27%) (Figure 14). By 2000, only 11% of
the hardwood-dominated swamp and 7% of the
conifer-dominated swamp remained (Figure 15).
Because conifer-dominated swamp has been nearly
eliminated, restoration efforts along this shoreline
segment should focus primarily on ecosystem 4.
However, because substantial portions of the
historical conifer-dominated swamp undoubtedly
have been drained and converted to agricultural land
cover, restoration efforts should focus on sites such
as Bay Port (Appendix B), where hydrology and soil
have not been markedly altered, and small numbers
of coniferous trees are present. Also, restoration of
ecosystem 3 is a high priority due to the small area
that remains relative to its extensive historical
abundance.

Trends in the historical abundance and loss of
hardwood- and conifer-dominated swamp along
eastern Lake Michigan are generally similar to those
along Lake Huron and northern Lake Michigan.
Historically, conifer-dominated swamp accounted
for a substantially greater portion of the coastal
swamp forest of northwestern than southwestern
Lower Michigan (Minor Shoreline Segments C and
D, respectively) (Figure 14). Similar to the Lake
Huron and northern Lake Michigan shorelines, the
loss of conifer-dominated swamp along the eastern
Lake Michigan shoreline was considerably greater
in the northern than southern minor shoreline
segment. Drowned river-mouth valleys of
northwestern Lower Michigan historically

supported similar proportions of hardwood- and
conifer-dominated swamp (56 and 44% of the Circa
1800 forested wetland, respectively) (Figure 14).
Because a similar portion of both types remains
(27% of the historical hardwood-dominated swamp
and 32% of the conifer-dominated swamp) (Figure
15), restoration effort should be divided equally
between ecosystem types 6 and 7, focusing on sites
that could be restored at the lowest cost.

In southwestern Lower Michigan, hardwood-
dominated swamp historically accounted for 85% of
the forested wetland, and conifer-dominated swamp
accounted for 15% (Figure 14). By 2000, although a
substantial portion of the historical hardwood-
dominated swamp remained (29%), conifer-
dominated swamp was virtually eliminated (2%
remained) (Figure 15). Thus, restoration of
ecosystem 9 is the highest priority in southwestern
Lower Michigan. However, restoration of ecosystem
8 aso should be a high priority due to its markedly
greater historical abundance, and substantial losses
to this ecosystem over the last 200 years (Figure
15).

Additional Considerations

Although analysis of the Circa 1800 and 2000
data sets within each minor shoreline segments
provides a reasonable approximation of the
historical distribution of each coastal swamp
ecosystem, and the proportion of its historical
abundance that has been lost, inaccuracies in both
data sets should not be overlooked in assigning
restoration priorities. For example, the substantial
portion of Circa 1800 swamp forest that was
identified as non-forested wetland in the 2000 data
set (Figure 15) may be related to the different types
of data used to develop each data set rather than
actual conversion to non-forested wetland. Because
Circa 1800 land cover was developed from GLO
survey records, it is based on data recorded
exclusively along section lines (Comer et a. 1995b).
Thus, land-cover values were assigned to areas not
located along section lines based on comparison to
land cover in similar topographic locations along
nearby section lines. However, because small
differencesin elevation near the Great L akes often
result in marked differences in vegetation, much of
the land classified as Circa 1800 swamp forest may
include non-forested wetland. In contrast to Circa
1800 land cover, supervised classification of
satellite imagery was used to assign land-cover
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values to each 30-m pixel of the 2000 land cover
(MDNR 2001). Thus, small areas of non-forested
wetland that were likely classified as swamp forest
in the Circa 1800 data set, were identified as non-
forested wetland in the 2000 data set. Such
differences in land-cover classification due to
differences in data resolution likely gave the false
appearance of substantial conversion to non-
forested wetland (Figure 15). Although the
resolution of data used to develop 2000 land cover
was finer than that of Circa 1800 land cover,
satellite imagery was not always accurate in
distinguishing between upland and wetland,
especialy in therelatively flat terrain of former
embayments, where narrow ridges and swales rarely
align with 30-m pixels.

In addition to assigning restoration priorities
based on the historical distribution of each
ecosystem and the portion of its historical
distribution that has been lost, the specific type of
disturbance must be considered. Although land-
cover data can be used to determine whether or not
the generic overstory vegetation (hardwood or
conifer) is present, it does not provide information
on other factors that influence the restoration
potential. For example, the cost of restoration
generally increases with increasing abundance of
non-native species. However, the need for
stewardship activity increases with increasing
abundance of non-native species, especialy in
ecosystems where a large portion of the historical
abundance has been lost. Non-native species were
virtually absent from saturated ecosystems along
northern shorelines (ecosystems 1 and 7) (Appendix
F4 and G4) due to high tree canopy coverage and
the lack of alarge seed pool due to low amounts of
nearby urban and agricultural land cover. Along the
southern Lake Huron shoreline, despite alarge seed
pool for non-native species along the southern Lake
Huron shoreline, non-native species also were
practically absent from ecosystem 3 due largely to
the combined effects of soil inundation and
relatively high tree canopy coverage. However, non-
native species were locally abundant in ecosystems
6 and 8 along the eastern Lake Michigan shorelines,
where tree canopy coverage was markedly lower
than that of ecosystem 3 (Appendix J4). Non-native
species such as Japanese barberry (Berberis
thunbergii DC.), forget-me-not (Myosotis
scorpioides L.), and bittersweet nightshade
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(Solanum dulcamara L.) were locally common in
ecosystems 6 and 8. In addition, the coverage of
highly aggressive native species, such as reed
canary grass, has increases considerably in
occurrences of ecosystem 6 (especialy along the
Muskegon River), as aresult of disturbances such as
grazing.

Additional factors to consider in assigning
restoration priorities are site size and landscape
context. Restoration of alarge coastal wetland
complex, composed of numerous forested and non-
forested wetland types will have higher
conservation benefit than restoration of an
individual swamp that is not part of an intact coastal
wetland complex. In addition, restoration of swamps
that are located adjacent to in tact upland forestsis a
higher priority than restoration of sites where the
adjacent uplands have been degraded. Furthermore,
conservation benefits generally increase with
increasing size of the site restored. However, size of
the entire coastal wetland complex is more
important than size of the individual swamp that is
the target of restoration.

Successional stages of coastal swamps also
must be taken into account when assigning
restoration priorities (Sprugel 1991). Because the
ecosystem classification and descriptions emphasize
physiography, hydrologic regime, and soil
properties, ecosystem identification is possible
regardless of the present vegetation (Allen and
Wilson 1991). For example, swamps dominated by
paper birch, trembling aspen, and balsam poplar
may be an early successional stage of ecosystem 1
along northern Lake Michigan and Lake Huron.
Thus, restoration of a paper birch-trembling aspen-
balsam poplar swamp would be a high priority if it
was located in a swale or depression within aformer
embayment along the northern Lake Michigan or
Lake Huron shoreline, the substrate was saturated
sapric muck over sand, and ground-cover species
characteristic of ecosystem 1 were present. Efforts
to restore such a site would include promoting
regeneration of northern white-cedar, possibly by
constructing exclosures so that excessive browsing
by deer would not elminate recruitment of northern
white-cedar. At sites where the hydrologic regime,
soil properties, and vegetation have been altered to
the extent that it is no longer possible to determine
the ecosystem type, the cost of restoration may be
prohibitively high.



SUMMARY AND CONCLUSIONS

I ntroduction

Great Lakes coastal wetland research and efforts
to restore coastal wetlands have focused primarily
on herbaceous meadows and marshes. However,
considerably less research and restoration effort has
focused on swamp forests that occur immediately
inland of the herbaceous coastal wetlands. Although
swamp forests are generally considered restricted to
land higher than the maximum lake level, their
hydrologic regimeislargely influenced by the Great
Lakes through the effect of 1ake-level fluctuation on
local groundwater hydrology. In addition, due to the
characteristic location of coastal swamp forests, at
the interface between upland ecosystems and
herbaceous wetlands that extend into the lakes, they
provide refuge for numerous plant and animal
species, and they may buffer the effects of upland
land use on the lakes. Thus, for the purposes of
restoration and management, swamp forests along
the Great Lakes shorelines should be considered an
integral part of the coastal wetland complex.

Over the last 200 years, substantial portions of
herbaceous wetlands along the Great L akes
shorelines have been lost. Substantial |osses of
swamp forest also have occurred, due largely to
logging and drainage for agricultural land use.
However, despite the widespread distribution of
coastal swamp forests and their spatial and
functional connections between terrestrial and
aquatic ecosystems, a systematic characterization of
them islacking. A detailed understanding of swamp
forests along the Great Lakes shorelines, including
their hydrologic regime, soil properties, vegetation
composition and structure, and the geographic
distribution of different swamp types would
contribute substantially to the success of coastal
wetland restoration. Thus, we applied a landscape
ecosystem approach to classify and describe swamp
forests along the Lake Michigan and Lake Huron
shorelines.

Sudy Area and Methods

Field sampling was conducted in summer 2002
and 2003. A total of 447 plots were sampled in 42
swamp forests along Lake Michigan and Lake
Huron. At each plot, physiography, hydrology, and
soil data were recorded, and the overstory,

understory, and ground-cover vegetation was
sampled. Field data were integrated with aerial
photo interpretation and GIS analyses to classify
coastal swamp forests. Multivariate analyses
(detrended correspondence analysis and canonical
correspondence analysis) were conducted to confirm
the distinctness of the ecosystem types and
determine interrel ationships among physical site
factors, stand structure, and ground-cover species
composition. Historical and present land cover was
analyzed to assist in prioritizing restoration efforts
among ecosystem types based on their historical
abundance and the proportion of each type that has
been lost.

Results

A three-level, hierarchical classification was
developed for swamp forests along the Lake
Michigan and Lake Huron shorelines. Classification
proceeded in atop-down manner by dividing the
shoreline into Major and Minor Shoreline Segments
that were progressively more homogeneousin
physiography and climate. Each minor shoreline
segment contained a mosaic of Ecosystem Types,
where the number of ecosystem types and their
spatial pattern reflected fine-scale patterns of
physiography, hydrology, soil, and vegetation. A
total of two Major Shoreline Segments, four Minor
Shoreline Segments, and nine Ecosystem Types
were classified as follows:

I. Lake Huron and northern Lake Michigan
(former embayments)

A. Northern Lake Huron and northern
Lake Michigan
1. Saturated swales and groundwater
seepages
2. Semipermanently inundated swales
B. Southern Lake Huron
3. Seasonally inundated swales and
depressions
4. Saturated swales and groundwater

seepages
5. Intermittently inundated islands
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I1. Eastern Lake Michigan (drowned river mouths)
C. Northwestern Lower Michigan

6. Seasonally inundated flat valley floor
7. Saturated groundwater seepages along
valley margins

D. Southwestern Lower Michigan

8. Seasonally inundated flat valley floor
9. Saturated groundwater seepages along
valley margins

Major shoreline segments (I and 1) were
distinguished on the basis of gross physiographic
characteristics resulting in the occurrence of swamp
forestsin a different generic type of landform along
each segment—former embayments along Lake
Huron and northern Lake Michigan, and drowned
river mouths along eastern Lake Michigan (Table 2,
Figures 3-6). Each major shoreline segment was
divided into a northern and southern Minor
Shoreline Segment (A-D) on the basis of climatic
and physiographic characteristics that have a strong
influence on hydrologic regime, soil properties, and
species distribution (Table 2, Figure 7). Two or
three ecosystem types were nested within each
minor shoreline segment.

Ecosystem types of each minor shoreline
segment were distinguished by their positionin
relation to the shoreline, and the corresponding
physiography, hydrology, soil, and vegetation
(Figures 8-11). Along each minor shoreline
segment, ecosystems located at alow elevation and
close to shore (ecosystems 2, 3, 5, 6, and 8) were
characterized by periodic inundation of the soil
surface, a substrate of mineral soil (or shallow
sapric muck over mineral soil in ecosystem 2), and
the forest canopy was dominated by hardwoods,
primarily red ash and silver maple. The ecosystem
type of each minor shoreline segment located
further from shore and at a higher elevation
(ecosystems 1, 4, 7, and 9) was characterized by
saturated, organic soil, and the forest canopy was
dominated by northern white-cedar. Numerous
conifers such as balsam fir, white spruce, black
spruce, eastern hemlock, and tamarack were often
present along with several hardwoods, such as black
ash, paper birch, red maple, and yellow birch
(Tables 2 and 3).

The ecological classification was supported
by detrended correspondense analysis (DCA) and
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canonical correspondence analysis (CCA).
Ecosystem types were well distinguished in the
ordination space of the first two DCA axes (Figure
12). In the ordination, ecosystem types were
distinguished primarily along a hydrologic gradient,
where ecosystems characterized by inundation of
the soil surface (ecosystems 2, 3, 6, and 8) were
clearly separated from those characterized by
saturated soil (ecosystems 1 and 7). CCA revealed
interrelationships among environmental and stand
structure variables and ground-cover species
composition that further corroborated the
classification. Hydrologic and soil variables were
more important in explaining variation among sites
than stand structure variables (Table 4). Range of
soil surface pH and height of the high-water mark
had the strongest influence on the analysis.

Comparison of historical and present land cover
along the shorelines was used to develop restoration
priorities among ecosystem types. Historicaly, the
northern Lake Michigan and Lake Huron shoreline
was dominated almost exclusively by conifer-
dominated swamp. In contrast, the historical
abundance of hardwood-dominated swamp was
considerably greater than that of conifer-dominated
swamp along southern Lake Huron. Whereas
substantial areas of conifer-dominated swamp
remain along the northern shorelines, conifer-
dominated swamp has been virtually eliminated
along southern Lake Huron. Thus, restoration of
saturated, conifer-dominated swamp (ecosystem 4)
isahigh priority along southern Lake Huron.

Along the eastern Lake Michigan shoreline,
drowned river-mouth valleys of northwestern Lower
Michigan historically contained approximately
equal amounts of hardwood- and conifer-dominated
swamp. However, in southwestern Lower Michigan,
the historical abundance of hardwood-dominated
swamp was markedly greater than that of conifer-
dominated swamp. Similar to the southern Lake
Huron shoreline, conifer-dominated swamp has
been practically eliminated from drowned river-
mouth valleys of southwestern Lower Michigan.
Therefore, restoration of saturated, conifer-
dominated swamp (ecosystem 9) in groundwater
seepages along the margin of drowned river-mouth
valleys of southwestern Lower Michigan isahigh
priority. Otherwise, restoration effort should focus
on sites with the best landscape context and those
that can be restored at the lowest cost.



Conclusions

1. A landscape ecosystem approach, involving the
simultaneous integration of climate, physiography,
hydrology, soil, and vegetation, was applied to
classify and describe swamp forests along the Lake
Michigan and Lake Huron shorelines. By
subdividing the shorelines geographically into major
and minor shoreline segments that were
progressively more homogeneous in physiography
and climate, the classification provides a sound
basis to interpret regional patterns of coastal swamp

types.

2. Within each minor shoreline segment, swamp
ecosystem types can be distinguished by their
position in relation to the shoreline and their
corresponding physiography, hydrology, soil, and
vegetation. Along each minor shoreline segment,
ecosystem types located closest to shore are
characterized by inundation of the soil surface, a
substrate of mineral soil, and the forest canopy is
dominated by hardwoods, primarily red ash and
silver maple. Ecosystem types located further from
shore are characterized by saturated, organic soil,
and the forest canopy is dominated by conifers,
primarily northern white-cedar.

3. The Great Lakes have a strong influence on the
hydrologic regime of swamp forests along their
shorelines. Forty of the 42 study sites were located
above the maximum lake level. The influence of the
Great Lakes on the hydrologic regime of these
swamps s indirect through the effect of lake-level
fluctuation on local groundwater hydrology. In
inundated ecosystems near the shore, surface water
may persist through mid-summer, corresponding to
seasonal high lake levels. Late in the growing
season, the water table may fall well below the
surface. In the two ecosystems located below the
maximum lake level, the soil surface may remain
inundated throughout the growing season when lake
levels are high. These ecosystems were
characterized by widely scattered red ash trees, low
overstory basal area and tree canopy coverage, and a
graminoid-dominated ground cover, composed of
many species characteristic of open meadows.

4. Topographic relief in combination with
hydrologic regime has a strong influence on species
composition of the coastal swamps. In inundated

ecosystem types, the depth and duration of
inundation is reduced on microsites elevated above
the general ground level, thereby providing sites for
the establishment and recruitment of tree species
that could not otherwise persist under the prolonged
inundation. In saturated ecosystems,
microtopographic heterogeneity promotes awide
range of soil surface pH. Although ground water
rich in base cations and bicarbonate maintains a
high soil pH, the soil surface of mounds and
hummaocks above the influence of ground water is
very strongly acid. Therefore, numerous acidifiles
occurred adjacent to calcifilesin saturated
ecosystems due to local acid and circumneutral
conditions on hummaocks and hollows, respectively.

5. Swamp forests along the Great L akes shoreline
play a considerable role in maintaining regional
biodiversity. A total of 23 trees, 41 shrubs, and 239
herbaceous species were recorded in sample plotsin
the coastal swamps. In addition to supporting alarge
number of plant species, coastal swamp forests are
of marked importance in maintaining animal
populations. Due to the characteristic location of
coastal swamps, at the interface between upland
ecosystems and herbaceous wetlands that extend
into the Great L akes, these swamps undoubtedly
provide refuge for bald eagle, red-shouldered hawk,
blandings turtle, spotted turtle, crayfish, snails,
beaver, and many other animals.

6. Because coastal swamp forests along the Great
Lakes shorelines are an integral part of the coastal
wetland complex, a detailed understanding of the
types of swamp forest occurring along a given
stretch of the shoreline and their pattern in relation
to elevation, hydrologic regime, and soil properties
provides a substantial contribution to coastal
wetland restoration. Due to the virtual elimination
of conifer-dominated swamp along southern
shorelines over the last 200 years, restoration effort
should be directed toward saturated, conifer-
dominated ecosystem types along the southern
shorelines. Along northern shorelines, because the
present abundance of hardwood- and conifer-
dominated ecosystem typesis roughly proportional
to their historical abundance, restoration effort
should focus on sites with the best landscape
context and those that can be restored at the lowest
cost.
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Appendix B. Ecological classification of swamp forests along the Lake Michigan and Lake Huron
shorelines.*

I. Lake Huron and the northern Lake Michigan (former embayments)

A. Norhtern Lake Huron and northern Lake Michigan (Subsections VIII1.1 and V11.6)

1. Saturated swales and gently sloping groundwater seepages; sapric muck over fine sand (average
depth to sand 27 cm, clay or limestone bedrock occasionally present within 200 cm of the soil
surface); northern white-cedar/Mitella nuda, Coptistrifolia (15 sites, 165 plots)

2. Semipermanently inundated swales; sapric muck over fine sand (depth to sand < 20 cm, cobble
layer or bedrock present within 100 cm of the soil surface); Red ash/Carex stricta (1 site, 20
plots)

B. Southern Lake Huron (Subsections V1.6 and V1.5)

3. Seasonally inundated swales and depressions; fine sand over clay; silver maple—red
ash—(American eIm)zlGcheria striata, Boehmeria cylindrica (16 sites, 132 plots)
4. Somewhat poorly drained to poorly drained shallow swales and gently sloping groundwater

seepages, fine sand or sapric muck over fine sand (water table within 60 cm of the soil surface);
northern white-cedar—tamarack/Solidago gigantea, Smilacina stellata (1 site, 1 plot)

5. Intermittently inundated flat terrain on Heisterman and Maisou Islands; fine sand over
limestone bedrock (bedrock within 100 cm of the soil surface, clay layer < 20 cm thick present
above the bedrock); Red ash/Carex stricta, Calamagrostis canadensis (1 site, 12 plots)

I1. Eastern Lake Michigan (drowned river mouths)

C. Northwestern Lower Michigan (Subsection V11.4)

6. Seasonally inundated flat drowned rivermouth valley floor; shallow alluvia deposits
(2050 cm deep) over fine sand; red ash—silver maple—{American eIm)Z/Carex lacustris
(3 sites, 65 plots)

7. Saturated gently sloping groundwater seepages along margins of drowned rivermouth valleys,
sapric and hemic muck over marl (combined depth of sapric and hemic muck > 150 cm);
northern white-cedar—eastern hemlock—yellow birch—black ash—red maple/Osmunda
cinnamomea (3 sites, 12 plots)

D. Southwestern Lower Michigan (Subsection V1.3)

8. Seasonally inundated flat drowned rivermouth valley floor; shallow alluvia deposits

(20-50 cm deep) over fine sand; silver maple—red ash—(American €l m)ZISaururus cernuus,
Peltandra virginica (2 sites, 40 plots)

9. Saturated gently-sloping groundwater seepages along margins of drowned rivermouth valleys;
sapric and hemic muck over marl (depth to marl > 100 cm); northern white-cedar—
tamarack—eastern heml ock—yellow birch—black ash—red maple/Osmunda cinnamomea (not
guantitatively sampled)

! Ecosystem types are named for their hydrologic regime (regime modifiers follow Cowardin et al. 1979),
landform, substrate type, canopy dominants, and one or two of the most characteristic ground-cover species
? Parentheses indicate canopy dominant prior to introduction of Dutch elm disease
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Appendix C

Descriptions of landscape ecosystem types along
the Lake Michigan and Lake Huron shorelines
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Ecosystem Type 1. Saturated swales and gently sloping groundwater seepages; sapric muck over fine sand
(average depth to sand 27 cm, clay or limestone bedrock occasionally present within 200 cm of the soil
surface); northern white-cedar/Mitella nuda, Coptis trifolia

SYNOPSIS: Located in former embayments along the northern Lake Michigan and Lake Huron shorelines
(subsections V1I1.1 and VI1.6). Narrow, linear swales situated between low beach ridges, and gently sloping
groundwater seepages along the outer margin of the embayment. Saturated sapric muck over fine sand;
neutral at the soil surface, very strongly acid on hummocks. Northern white-cedar overstory; northern white-
cedar—balsam fir understory; continuous, diverse ground-cover layer. Fifteen sites, 165 plots.

Physiography

Swales and depressions situated between low beach ridges within former embayments along the northern
Lake Michigan and Lake Huron shorelines. Also in gently sloping groundwater seepages along the margin of
the embayment and at the footslope of high beach ridges. Former embayments contain a series of beach
ridges (typically less than 5 m high and 10-30 m wide) and intervening swales (often less than 30 m wide)
oriented parallel to the shoreline. The ridge and swal e topography developed as sand was reworked by wave
action and built up and resorted by wind during the progressive recession of lake levels following glacial
retreat and post-glacial uplift.

Hydrology

Groundwater-fed (saturated); water tableis close to the surface in the early part of the growing season and
capillary water saturates the sapric muck; later in the growing season the water table falls below the surface,
but water is retained in small pores of the sapric muck and it remains saturated; surface water not present
during the growing season except in small, local depressions.

Due to curvature of the shoreline, groundwater flow converges in embayments, and water levels within inter-
ridge swales may be higher than lake levels; water-level fluctuation in the swales often parallels lake-level
fluctuation.

Sail

SUBSTRATE: Sapric muck 27 (7-80) cm deep, over fine sand; clay occasionally present within 200 cm of
the soil surface; limestone bedrock present within 200 cm of the soil surface on the Garden and Stonington
Peninsulas, and in Alpena County.

pH: Neutral, 7.1 (5.8-7.8), at the soil surface; mildly alkaline, 7.7 (7.2-8.0), at 50 cm; moderately alkaline,
7.9 (7.8-8.0), at 100 cm; moderately akaline, 7.9 (7.8-8.0), below 100 cm. Very strongly acid, 4.4 (4.0-5.3),
on hummocks.

Vegetation

OVERSTORY: Dominants (% of basal area/ % of stem density): northern white-cedar (81/81). Additional
species. paper birch, black ash, balsam fir, white spruce, black spruce, balsam poplar, red maple, tamarack,
trembling aspen. Mean basal area: 56.8 m?ha. Mean stem density: 2,145/ha.

UNDERSTORY: Large understory (1.5-9.0 cm dbh): Most abundant species (% of large understory density):
northern white-cedar (52), balsam fir (34). Other common species. black ash, speckled alder, paper birch, red
maple, black spruce, white spruce, tamarack, mountain maple. Mean large understory density: 1,187/ha.

Small understory (taller than 50 cmand < 1.5 cm dbh): Most abundant species (% of small understory
density): balsam fir (45), alder-leaved buckthorn (13), speckled alder (12). Other common species. red
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maple, Canada fly honeysuckle, balsam poplar, black ash, northern white-cedar, trembling aspen, black
spruce, white spruce, paper birch, Labrador tea, wild black currant. Mean small understory density: 1,067/ha.

GROUND COVER: Abundant forb species: Rubus pubescens, Mitella nuda, Trientalis borealis, Coptis
trifolia, Linnaea borealis, Maianthemum canadense, Cornus canadensis, Polygala paucifolia, Pyrola
asarifolia. Abundant graminoids: Carex pedunculata, Carex trisperma, Carex eburnea, Carex arctata, Carex
leptalea. Abundant ferns: Equisetum arvense, Dryopteris cristata, Gymnocar pium dryopteris, Botrichyium
virginianum. Abundant shrubs: Alnus rugosa, Gaultheria hispidula, Lonicera canadensis, Rhamnus alnifolia,
Ribes americanum, Spiraea alba. Abundant tree species: balsam fir, red maple, black ash, northern white-
cedar, paper birch.

Comments

All sites were characterized by pit-and-mound topography that devel oped as result of windthrow, or from the
buildup of organic matter at the base of trees. Due to the combined influence of strong winds coming off the
lakes, shallow rooting, and dense, evergreen foliage, windthrow is a common disturbance. Multiple treefall
gaps are common, and the resulting high light levels on the forest floor account, in part, for the persistence of
moderately tolerant and intolerant tree species (e.g., paper birch, black ash, red maple, balsam poplar, and
trembling aspen).

Because rooting is restricted to the organic soil, variability among sitesin overstory tree size and density is
largely related to organic soil depth. In general, tree density decreased and tree size increased with increasing
organic soil depth. For example, dominant overstory species were of similar age at Nahma and Epoufette
Bay, but organic soil depth at Nahma (7—22 cm) was lowest of all sites, and organic soil at Epoufette Bay
was considerably deeper (35-50 cm). Although Nahma was characterized by the highest tree density (2,970/
ha) and smallest tree size (average dbh of northern white-cedar, 13.3 cm) of all sites, tree density at
Epoufette Bay (1,820/ha) was among the lowest and tree size (average dbh of northern white-cedar, 19.5 cm)
was among the highest of all sites.

Excessive browsing by deer has greatly reduced recruitment of northern white-cedar seedlings. Few
seedlings taller than the depth of the winter snowpack were observed.

Similar Ecosystems

Distinguished from ecosystems 7 and 9 by shallower organic soil, lack of hemic organic matter or marl,
greater density and basal area of northern white-cedar, lower density and abundance of deciduous speciesin
the forest canopy, and lower coverage of cinnamon fern in the ground cover. In addition, although low
numbers of balsam fir, white spruce, and black spruce trees were present at most sitesin ecosystem 1, these
species were absent from ecosystems 7 and 9.

Distinguished from ecosystem 2 by higher elevation and greater distance from the shore, lack of surface
water during the growing season, higher tree density and basal area, and dominance by northern white-cedar
rather than red ash.

Research Basis

NUMBER OF SITES: 15

TOTAL NUMBER OF PLOTS: 165

Brulee Point Sec. 30, T42N, R1W Mackinac Co. 10 plots
Chippewa Point Sec. 25, T39N, R21W Delta Co. 5 plots

Duck Bay Sec. 12, T41N, R1W Mackinac Co. 10 plots
El Cajon Bay Sec. 15, T31N, R9E Alpena Co. 10 plots
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Research Basis (continued)

Epoufette Bay Sec. 4&5, T42N, R7W Mackinac Co. 10 plots
Hog Island Point Sec. 35, T43N, R8W Mackinac Co. 5 plots
Misery Bay Sec. 22, T31N, R9E, Alpena Co. 20 plots
Nahma Sec. 19, T40N, R19W Delta Co. 5 plots
Ogontz North Sec. 15, T40N, R20W Delta Co. 5 plots
Ogontz West Sec. 21, T40N, R20W Delta Co. 5 plots
Paquin Lake Sec. 35, T42N, R2W Mackinac Co. 20 plots
Portage Bay Sec. 28, T39N, R18W Delta Co. 5 plots
Seiner’s Point Sec. 5, T41N, R12W Mackinac Co. 5 plots
St. Martin Bay Sec. 22, T42N, R2W Mackinac Co. 20 plots
Voight Bay Sec. 14, T41N, RIW Mackinac Co. 10 plots
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Ecosystem Type 2. Semipermanently inundated swales; sapric muck over fine sand (depth to sand < 20 cm,
cobble layer or bedrock present within 100 cm of the soil surface); Red ash/Carex stricta

SYNOPSIS: Located in former embayments along the northern Lake Michigan and Lake Huron shorelines
(subsections V111.1 and V11.6). Narrow, linear swales situated between low beach ridges (typically one of the
first swales from shore). Semipermanently inundated sapric muck over fine sand (depth to mineral soil < 20
cm); neutral at the soil surface, mildly to moderately alkaline below the surface. Red ash overstory; red ash—
balsam fir understory; sedge-dominated ground-cover layer with relatively low species diversity due to
prolonged inundation during the growing season. One site, 20 plots.

Physiography

Narrow, linear swales situated between low beach ridges within former embayments along the northern Lake
Michigan and Lake Huron shorelines. Former embayments contain a series of beach ridges (typically less
than 5 m high and 10-30 m wide) and intervening swales (often less than 30 m wide) oriented paralld to the
shoreline. The ridge and swale topography devel oped as sand was reworked by wave action and built up and
resorted by wind during the progressive recession of lake levels following glacia retreat and post-glacial
uplift. Located in one of the first swales from the shoreline. Elevation of the bottom of the swale may be
lower than the maximum lake level

Hydrology

Groundwater-fed (semipermenently inundated); water table is above the soil surface early in the growing
season, and surface water may persist throughout the growing season when lake levels are high; when
surface water is not present the water table remains close to the soil surface. Water depth, 8 (1-23) cmin
early July 2002; high water mark, 36 (14-50) cm above the soil surface.

Directly influenced by Great Lakes water |evels because elevation of the bottom of the swale may be slightly
lower than the maximum lake level.

Sail

SUBSTRATE: Sapric muck 13 (8-18) cm deep, over fine sand. Cobble layer or limestone bedrock present
within 100 cm of the soil surface.

pH: Neutral, 7.3 (7.2-7.4), at the soil surface; mildly alkaline, 7.8, at 50 cm; mildly alkaline, 7.8, at 100 cm.
Hummocks are generally circumneutral, but hummocks higher than the high water level may have acid soil.

Vegetation

OVERSTORY: Dominants (% of basal area/ % of stem density): red ash (81/79). Additional species:. red
maple, paper birch, tamarack, black ash, northern white-cedar, balsam fir. Mean basal area: 21.3 m#%ha. Mean
stem density: 913/ha.

UNDERSTORY: Large understory (1.5-9.0 cm dbh): Most abundant species (% of large understory density):
red ash (47), balsam fir (43). Other common species. black spruce, red maple, black ash, silver maple,
tamarack, northern white-cedar, paper birch. Mean large understory density: 683/ha.

Small understory (taller than 50 cmand < 1.5 cm dbh): Most abundant species (% of small understory
density): meadowsweet (45), speckled alder (44). Other common species: bog birch, red ash, balsam fir, red
raspberry, silky dogwood, shrubby cinquefoil, swamp rose. Mean small understory density: 11,510/ha.

GROUND COVER: Abundant forb species: Lycopus uniflorus, Lysimachia thyrsiflora, Iris versicolor,
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Mentha arvensis, Campanula aparinoides, Polygonum amphibium, Rubus pubescens, Poetntilla palustris.
Abundant graminoids: Carex stricta, Calamagrostis canadensis, Carex lacustris, Carex intumescens.
Abundant ferns: Thelypteris palustris, Onoclea sensibilis. Abundant shrubs: Spiraea alba, Betula pumila,
Rubus strigosus, Alnus rugosa, Cornus amomum. Abundant tree species: red ash, red maple, silver maple,
paper birch.

Comments

Typically located in one of the first swales from the shore. Elevation of the bottom of the swale may be lower
than the maximum lake level. Directly influenced by Great L akes water levels and receives groundwater that
is channeled into the embayment from higher terrain further inland.

The distribution of tree speciesis largely determined by hydrology and microtopography. Red ash was
common in low parts of the swale, and high water marks up to 50 cm above the soil surface were recorded on
boles of red ash trees. However, species including balsam fir, red maple, and paper birch were restricted to
higher ground along the outer margin of the swale. Trees may be absent from the lowest part of the swale,
which often contains wet meadow vegetation. Periodic low lake levels permit tree seedling establishment in
the lowest part of the swale, but subsequent high lake levels kill the seedlings.

Tree density and tree canopy coverage are low due to prolonged inundation of the soil surface during the
growing season. Shrubs including speckled alder, meadowsweet, and bog birch, and graminoids, such as
tussock sedge, may be abundant due to relatively low tree canopy coverage.

Similar Ecosystems

Distinguished from ecosystem 1 by closer proximity to shore and lower elevation. Also distinguished from
ecosystem 1 by inundation of the soil surface during the growing season, shallower organic soil, and
dominance by red ash rather than northern white-cedar.

Distinguished from ecosystem 3 by greater water depth, longer duration of inundation, and higher water table
late in the growing season. Also distinguished from ecosystem 3 by the presence of a shallow layer of sapric
muck, rather than mineral soil, at the soil surface. Prolonged growing season inundation and a high water
table when surface water recedes result in markedly lower overstory basal area and tree canopy coverage
than ecosystem 3. The low tree canopy coverage permits a greater abundance of shrubs and graminoids than
in ecosystem 3.

Distinguished from ecosystem 5 by substantial groundwater inputs, resulting in annual inundation of the soil
surface and maintaining a high water table late in the growing season. Both ecosystems may be located at
elevations below the maximum lake level, and are directly influenced by Great Lakes water levels. However,
ecosystem 2 receives substantial groundwater inputs due to seepage from higher terrain further inland, but
such inputs are minimal in ecosystem 5 due to its location on small islands with little terrain at a higher
elevation. Also distinguished from ecosystem 5 by the occurrence of species with a northerly range (e.g.,
Alnus rugosa, Iris versicolor, Abies balsamea).

Research Basis
NUMBER OF SITES: 1
NUMBER OF PLOTS: 20

Ossineke Sec. 18, T29N, R9OE Alpena Co. 20 plots
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Ecosystem Type 3. Seasonally inundated swales and depressions; fine sand over clay; silver maple—red ash—
(American elm)/Glyceria striata, Boehmeria cylindrica

SYNOPSIS: Located in former embayments along the southern Lake Huron shoreline (subsections V1.6 and
V1.5). Linear swales and broad depressions situated between low beach ridges. Seasonally inundated fine
sand over clay; neutral at the soil surface, mildly to moderately alkaline below the surface. Silver maple-red
ash overstory (with American elm prior to Dutch elm disease); American elm—red ash-silver maple
understory; sparse ground-cover layer and low ground-cover species diversity due to inundation of the soil
surface during the growing season. Sixteen sites, 132 plots.

Physiography

Narrow, linear swales and broad, irregular depressions situated between low beach ridges within former
embayments along the southern Lake Huron shoreline. Generally at a higher elevation than the maximum
lake level. Former embayments contain a series of beach ridges (typically less than 5 m high and 10-30 m
wide) and intervening swales (often less than 30 m wide) oriented parallel to the shoreline. The ridge and
swal e topography devel oped as sand was reworked by wave action and built up and resorted by wind during
the progressive recession of lake levels following glacial retreat and post-glacial uplift. In parts of Saginaw
Bay, swales may be wider than 30 m, and the regular patterning of ridges and swalesin relation to the
shoreline may be lacking due to the large size of the embayment and the small amount of sand available to be
reworked as water |levels receded.

Hydrology

Groundwater-fed (seasonally inundated); water table is above the soil surface early in the growing season
(low rises 10—30 cm above the water level occur at some sites); surface water is absent late in the growing
season and the water table may fall more than 100 cm below the soil surface. Water depth 12 (0-28) cmin
late June and early July 2002—-2003; high water mark 26 (8—46) cm above the soil surface.

Due to curvature of the shoreline, groundwater flow converges in embayments; water levels within swales
may be higher than |ake levels due to large groundwater inputs and shallow depth to impervious clay and
bedrock; water-level fluctuation in the swales generally parallels that of the Great L akes.

Soil
SUBSTRATE: Fine sand over clay; depth to clay usually less than 200 cm.

pH: Neutral, 7.2 (5.8-8.0), at the soil surface; mildly alkaline, 7.6 (7.2—7.8), at 50 cm; mildly alkaline, 7.7
(7.5-8.0), at 100 cm; moderately alkaline, 7.9 (7.8-8.0) below 100 cm.

Vegetation

OVERSTORY: Dominants (% of basal area/ % of stem density): red ash (41/46), silver maple (35/37),
eastern cottonwood (14/5). Additional species: American elm, swamp white oak. Mean basal area: 37.2 m?%/
ha. Mean stem density: 812/ha.

UNDERSTORY: Large understory (1.5-9.0 cm dbh): Most abundant species (% of large understory density):
American elm (45), red ash (41), silver maple (12). Other common species. swamp white oak, black ash, bur
oak, choke cherry, buttonbush. Mean large understory density: 1,223/ha.

Small understory (taller than 50 cmand < 1.5 cm dbh): Most abundant species (% of small understory
density): red ash (61), silky dogwood (11). Other common species. American elm, red-osier dogwood,
Michigan holly, riverbank grape, silver maple. Mean small understory density: 1,476/ha.

Coastal Svamp Classification and Analysis Page-62



GROUND COVER: Abundant forbs: Boehmeria cylindrica, Impatiens capensis, Cicuta maculata, Lycopus
uniflorus, Scutellaria lateriflora, Lysimachia thyrsiflora, Aster lateriflorus, Pilea pumila, Viola spp., Cicuta
bulbifera, Sum suave. Abundant graminoids. Glyceria striata, Carex lacustris, Elymus virginicus, Carex
stricta, Carex stipata, Carex oligosperma, Carex muskingumensis, Carex gracillima, Carex amphibola,
Carex intumescens. Abundant ferns: Onoclea sensibilis, Athyrium filix-femina, Thelypteris palustris.
Abundant woody vines: Vitis riparia, Parthenocissus quinquefolia, Toxicodendron radicans. Abundant
shrubs: Cornus amomum, Ribes americanum, Rubus strigosus, Rosa palustris, Ilex verticillata, Viburnum
trilobum. Abundant tree species: red ash, silver maple, American elm, swamp white oak.

Comments

Tree species distribution is largely determined by water depth and microtopography. Red ash and silver
maple are common throughout the ecosystem. However, eastern cottonwood and swamp white oak are
restricted to low rises, and these species were absent from sites that lacked such microtopography. Prior to
the introduction of Dutch elm disease, American elm probably also reached canopy size on low rises, but
most American elm trees now die before attaining canopy size.

The draw down of the water table late in the growing season permits relatively deep rooting, and windthrow
is less common than in other coastal swamp types. Deep rooting also enables development of relatively high
tree canopy coverage. The combination of inundation of the soil surface during the growing season and
relatively high tree canopy coverage result in a sparse, patchy distribution of ground-cover vegetation and
low coverage of shrubs.

Although ecosystem 3 istypically located at a higher elevation than the maximum lake level, the hydrologic
regimeisindirectly regulated by the Great Lakes. Near the shore, groundwater head gradients are forced to
adjust to lake-level fluctuation in order to maintain continuous flow. Such adjustments affect local
groundwater elevation. The effects of such adjustments may extend far inland in Saginaw Bay due to the flat
topography and shallow depth to impervious clay and bedrock.

Swales at Kirk Road and Gotham Road were located closer to the shore and at alower elevation than the
other sites. As aresult, water depth and the duration of inundation was greater than that of the other sites,
and the water table remained closer to the surface after surface water recedes. Because soil aeration was poor
relative to that of the other sites, swales at Kirk Road and Gotham Road contained a shallow layer of sapric
muck (< 15 cm deep).

Similar Ecosystems
Distinguished from ecosystem 2 by shallower water depth, shorter duration of inundation, greater depth to
the water table late in the growing season, and mineral rather than organic soil (other than exceptions noted

above). Also distinguished from ecosystem 2 by the lack of northern white-cedar, balsam fir, and red maple
in the canopy.

Distinguished from ecosystem 8 by shallower water depth and longer duration of inundation. Also
distinguished from ecosystem 8 by sparse, patchy distribution of ground-cover vegetation rather than
continuous coverage.

Research Basis
NUMBER OF SITES: 16

NUMBER OF PLOTS: 132
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Research Basis (continued)

Bay Port Swale Sec. 2, T16N, RO9E Huron Co. 7 plots
Bay City Campground Sec. 32, T15N, R5E Bay Co. 4 plots
Bradleyville Sec. 15, T14N, R7E Tuscola Co. 4 plots
Gotham Road Sec. 29, T15N, R8E Tuscola Co. 3 plots
King Road Sec. 11, T14N, R7E Tuscola Co. 15 plots
Kirk Road Sec. 29, T15N, R8E Tuscola Co. 4 plots
Lakeport Sec. 20, T8N, R17E st. Clair Co. 4 plots
Pigeon North Sec. 2, T16N, R9E Huron Co. 4 plots
Pigeon South Sec. 11, T16N, R9E Huron Co. 15 plots
Pinconning Sec. 30, T17N, R5E Bay Co. 15 plots
Tobico Swamp Sec. 24, T15N, R4E Bay Co. 20 plots
Vanderbilt Park Sec. 21, T14N, R7E Tuscola Co. 2 plots
Weale Road Sec. 14, T16N, R9E Huron Co. 5 plots
Weale Train Tracks Sec. 14, T 16N, R9E Huron Co. 2 plots
Wigwam Bay Sec. 15, T18N, R5E Arenac Co. 20 plots
Wildfowl Swale Sec. 29, T17N, R9E Huron Co. 8 plots
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Ecosystem Type 4. Somewhat poorly drained to poorly drained shallow swales and gently sloping
groundwater seepages; fine sand or sapric muck over fine sand (water table within 60 cm of the soil surface);
northern white-cedar—tamarack/Solidago gigantea, Smilacina stellata

SYNOPSIS: Located in former embayments along the southern Lake Huron shoreline (subsections V1.6 and
V1.5). Shallow swales situated between low beach ridges, and gently sloping groundwater seepages at the
footslope of larger ridges. Somewhat poorly drained to poorly drained fine sand or saturated sapric muck
over fine sand; neutral at the soil surface, strongly acid on hummocks. Northern white-cedar—tamarack
overstory; white ash—spicebush—prickly-ash—choke cherry understory; continuous, diverse ground-cover
layer. Historical occurrence of conifer-dominated swamp along Saginaw Bay is documented in GLO survey
records, but it was virtually eliminated due primarily to conversion to agriculture. One plot, one site.

Physiography

Shallow swales and depressions situated between low beach ridges within former embayments along the
southern Lake Huron shoreline. Also in gently sloping groundwater seepages at the footslope of larger ridges
and along outer margins of embayments. Former embayments contain a series of beach ridges (typically less
than 5 m high and 10-30 m wide) and intervening swales (often less than 30 m wide) oriented parallel to the
shoreline. The ridge and swal e topography developed as sand was reworked by wave action and built up and
resorted by wind during the progressive recession of lake levels following glacial retreat and post-glacial
uplift. Although swales close to shore are characterized by a wide range of water-level fluctuation, the water
table may be maintained close to the surface throughout the growing season in swales further from the shore.
Also, local topographic and soil characteristics may maintain water table close to the surface.

Hydrology

Groundwater-fed (saturated); surface water not present except in small local depressions; local topography
and soil characteristics maintain the water table close to the soil surface throughout the growing season.
Depth to water table, 30 cm in late June 2003.

Due to curvature of the shoreline, groundwater flow converges in embayments, and water levels within
swales may be higher than lake levels.

Sail
SUBSTRATE: Fine sand or shallow sapric muck (less than 30 cm deep) over fine sand.
pH: Neutral, 7.0, at the soil surface; mildly alkaline, 7.4, at 50 cm; moderately alkaline, 7.8, at 100 cm.
Vegetation

OVERSTORY: Dominants (% of basal area/ % of stem density): northern white-cedar (94/92). Additional
species: tamarack, paper birch, white ash. Mean basal area: 64.6 m?%ha. Mean stem density: 1,800/ha.

UNDERSTORY: Large understory (1.5-9.0 cm dbh): Most abundant species (% of large understory density):
prickly-ash (50), choke cherry (50). Mean large understory density: 400/ha.

Small understory (taller than 50 cmand < 1.5 cm dbh): Most abundant species (% of small understory
density): prickly-ash (26), choke cherry (21), white ash (18), Japanese barberry (18). Other common species:
spicebush, Canada fly honeysuckle, serviceberry, riverbank grape, swamp white oak. Mean small understory
density: 3,900/ha.
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GROUND COVER: Abundnat forbs: Solidago gigantea, Fragaria virginiana, Rubus pubescens, Smilacina
stellata, Maianthemum canadense, Aralia nudicaulis, Clematis virginiana, Galium asprellum, Galium
triflorum. Abundant graminoids: Carex leptalea, Carex pedunculata, Glyceria striata. Abundnat woody
vines: Toxicodendron radicans, Parthenocissus quinquefolia, Mitis riparia. Abundant shrubs: Lonicera
dioica, Prunus virginiana, Euonymus obovata, Amelanchier spp., Cornus alternifolia, Cornus amomum,
Zanthoxylum americanum, Berberis thunbergii. Abundant tree species: white ash, swamp white oak, silver
maple.

Comments

Genera Land Office (GLO) survey records indicate the historical occurrence of conifer-dominated swamps
along Saginaw Bay. The conifer-dominated swamps were much less abundant than hardwood-dominated
swamps, and they were generally located further inland and at a higher elevation. However, nearly all
conifer-dominated swamps have been eliminated, due primarily to conversion to agriculture.

One plot was sampled at Bay Port. The Bay Port site is a beach ridge and swale complex where the majority
of the swales were inundated (ecosystem 3), but several small occurrences of ecosystem 4 were located
inland of the inundated swales. Coniferous trees (northern white-cedar and tamarack) were restricted to low
rises near the outer swale margins. The sample plot was located on such alow rise, approximately 50 cm
above the bottom of the adjacent swale. The substrate was fine sand and the depth to the water table was 30
cm. The plot was dominated by northern white-cedar trees 86 years old, with low numbers of tamarack trees.
Numerous cut stumps of northern white-cedar indicate previous dominance by northern white-cedar. The
entire ground surface of the adjacent swale was inundated by water up to 20 cm deep (late June 2003). Silver
maple and red ash were the dominant species of the inundated swale, and there were no cut stumps of
northern white-cedar. More extensive occurrences of ecosystem 4 probably occurred on shallow sapric muck,
but these sites were most likely drained and converted for agricultural use.

Similar Ecosystems

Distinguished from ecosystem 3 by the absence of standing water during the growing season, other than in
small, local depressions, and dominance by conifers rather than hardwoods. However, hardwood species
including black ash, red maple, yellow birch, and American elm may historically have been common canopy
species of ecosystem 4. Also distinguished from ecosystem 3 by greater coverage of shrubsin the understory,
and greater species richness and total coverage of the ground-cover layer.

Distinguished from ecosystem 1 by greater abundance of tamarack, and the absence of balsam fir, black
spruce, white spruce, and balsam poplar. Also distinguished from ecosystem 1 by the abundance of spicebush
and lack of mountain ash and mountain maple in the understory. In addition, numerous ground-cover species
of ecosystem 1, including Gaultheria hispidula, Linnaea borealis, and Pyrola asarifolia are absent from
ecosystem 4.

Research Basis
NUMBER OF SITES: 1
NUMBER OF PLOTS: 1

Bay Port Saturated Sec. 2, T16N, ROE Huron Co. 1 Plot
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Ecosystem Type 5. Intermittently inundated flat terrain on Heisterman and Maisou Islands; fine sand over
limestone bedrock (bedrock within 100 cm of the soil surface, clay layer < 20 cm thick present above the
bedrock); Red ash/Carex stricta, Calamagrostis canadensis

SYNOPSIS: Flat terrain on Heisterman and Maisou Islands al ong the southern Lake Huron shoreline
(subsections V1.6 and V1.5). Intermittently flooded fine sand over limestone bedrock (bedrock within 100 cm
of the soil surface); neutral at the soil surface, mildly to moderately alkaline below the surface. Low tree
density and low canopy coverage. Red ash overstory; red ash understory; graminoid-dominated ground
cover. One site, 12 plots.

Physiography

Broad, flat terrain on the eastern side of Heisterman and Maisou Islands along the southern Lake Huron
shoreline. Located at an elevation below the maximum water level of Lake Huron. Prevailing westerly winds
and wave action led to the formation of low beach ridges and intervening swales along the western shore of
the idands, but the east side is characterized by along, gradual slope above the shore. Limestone bedrock is
within 100 cm of the soil surface.

Hydrology

Directly influenced by the Great Lakes (intermittently inundated); water table is usually below the soil
surface, but inundation of the soil surface occurs during periodic high lake levels. Water table within 60 cm
of the soil surface in late June 2002.

Dueto location at an elevation below the maximum lake level, the hydrololgic regimeis directly influenced
by lake levels; little influence of groundwater seepage from higher terrain due to the small size of the islands
and small amount of terrain at a higher elevation;

Sail

SUBSTRATE: fine sand, < 100 cm deep, over limestone bedrock; layer of clay < 20 cm thick present
immediately above the bedrock.

pH: Neutral, 7.2, at the soil surface; neutral, 7.2, at 50 cm; mildly alkaline, 7.8, at 100 cm.
Vegetation

OVERSTORY: Dominants (% of basal area/ % of stem density): red ash (90/92). Additional species:. silver
maple, American elm, bur oak. Mean basal area: 22.3 m%ha. Mean stem density: 808/ha.

UNDERSTORY: Large understory (1.5-9.0 cm dbh): Most abundant species (% of large understory density):
red ash (99). Other common species:. silver maple. Mean large understory density: 521/ha.

Small understory (taller than 50 cmand < 1.5 cm dbh): Most abundant species (% of small understory
density): red ash (39), silky dogwood (45). Other common species: black raspberry, red raspberry, American
elm. Mean small understory density: 275/ha.

GROUND COVER: Abundant forb species: Scutellaria galericulata, Lathyrus palustris, Lysimachia
thyrsiflora, Galium triflorum, Impatiens capensis, Boehmeria cylindrica, Polygonum amphibium, Lycopus
uniflorus. Abundand graminoids. Calamagrostis canadensis, Carex stricta, Carex lacustris, Glyceria striata.
Abundant ferns: Onoclea sensibilis, Thelypteris palustris. Abundant woody vines: Parthenocissus
guinquefolia, Vitis riparia. Abundant shrubs: Cornus amomum, Rubus strigosus, Rubus occidentalis.
Abundant tree species: red ash, silver maple.
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Comments

Hydrologic regimeis dominated by Great Lakes water levels. Because small portions of Heisterman and
Maisou Islands are at a higher elevation than ecosystem 5, groundwater seepage from higher terrain haslittle
influence on the hydrology, and the soil surface isinundated only during years when lake levels are high.

Characterized by widely scattered, small trees and a continuous, graminoid-dominated ground-cover layer.
The soil surface may be inundated throughout the growing season when lake levels are high. Prolonged
inundation may kill overstory trees, thereby promoting growth of herbaceous species characteristic of open
meadows (e.g., Carex stricta, Calamagrostis canadensis, Scutellaria galericulata, Lathyrus palustris,
Polygonum amphibium, and Thelypteris palustris). Recruitment of tree seedlings into the sapling layer may
be restricted to several consecutive years of low lake level.

Because rooting is limited to the shallow layer of mineral soil above the limestone bedrock, tree mortality
may also be high when lake levels are low due to low soil-water availability.

Similar Ecosystems

Distinguished from ecosystem 3 by broad, flat topography, occurrence of limestone bedrock within 100 cm
of the soil surface, and lack of standing water during the growing season, except when lake levels are high.
Also distinguished from ecosystem 3 by lower tree density, lack of silver maple in the canopy, greater
abundance of graminoids, and greater total coverage of the ground-cover layer.

Distinguished from ecosystem 2 by broad, flat topography and the lack of surface water during the growing
season, except when lake levels are high. Also distinguished from ecosystem 2 by mineral soil rather than
shallow sapric muck, greater depth to the water table late in the growing season, except when lake levels are
high, and the absence of coniferous treesin the forest canopy.

Ecosystem type 5 may resemble alvars due to the flat topography, shallow soil over limestone bedrock, and
relatively open, glade-like vegetation structure. However, the soil is generally deeper than that of alvars, and
characteristic alvar species (e.g., Schizachyrium scoparium, Sporobolus heterolepis, Carex scirpoidea
Eleocharis compressa, Muhlenbergia richardsonis, and Geum triflorum) were absent from Heisterman and
Maisou Islands.

Research Basis

NUMBER OF SITES: 1 (due to the low number of plots on Maisou Island and its close proximity to
Heisterman Island, the islands were treated as one site).

NUMBER OF PLOTS: 12

Heisterman |sland Sec. 32, T17N, R9E Huron Co. 10 Plots
Maisou Island Sec. 5, T16N, R9E Huron Co. 2 Plots
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Ecosystem Type 6. Seasonally inundated flat drowned rivermouth valley floor; shallow aluvia deposits
(20-50 cm deep) over fine sand; red ash—silver maple—(American elm)/Carex lacustris

SYNOPSIS: Located in drowned river-mouth valleys along the eastern Lake Michigan shorelinein
northwestern Lower Michigan (subsection VI1.4). Flat valley floor. Seasonally flooded loam to silty clay
loam over fine sand (depth to sand < 50 cm); neutral at the soil surface, mildly alkaline below the surface.
Red ash—silver maple overstory; red ash—speckled alder—buttonbush understory; continuous, sedge-
dominated ground cover. Three sites, 65 plots.

Physiography

Flat drowned river-mouth valley floor along the eastern Lake Michigan shoreline. Drowned river-mouth
valleys are generally broader and flatter than the river floodplain further upstream. Within the river-mouth
valleys forests are generally restricted to terrain at a higher elevation than the maximum lake level.

Hydrology

Groundwater-dominated, with stream inputs (seasonally inundated); soil surface isinundated early in the
growing season, but when lake levels are low, the water table may fall well below the soil surface later in the
growing season; when lake levels are high, surface water may persist throughout much of the growing
season. High water mark, 82 (42—100) cm above the soil surface; water table 30—100 cm bel ow the soil
surface in mid summer.

Strong influence by stagnant groundwater rather than flowing water from over-the-bank flooding is indicated
by the shallow depth of aluvial deposits (< 50 cm), and the small size or absence of a natural levee along the
stream channel.

Soil
SUBSTRATE: Shallow alluvial deposits (loam to silty clay loam) 40 (20-50) cm deep, over fine sand.

pH: Neutral, 7.3 (7.0-7.8), at the soil surface; mildly alkaline, 7.6 (7.4—-7.8), at 50 cm; mildly akaline, 7.8
(7.6-8.0), at 100 cm; mildly alkaline, 7.8 (7.8-8.0), below 100 cm.

Vegetation

OVERSTORY: Dominants (% of basal area/ % of stem density): red ash (62/66), silver maple (33/25).
Additional species: American elm, black ash. Mean basal area: 26.2 m?ha. Mean stem density: 699/ha.

UNDERSTORY: Large understory (1.5-9.0 cm dbh): Most abundant species (% of large understory density):
red ash (33), speckled alder (28), buttonbush (11). Other common species. silver maple, black ash, Michigan
holly, nannyberry, silky dogwood, riverbank grape, red-osier dogwood. Mean large understory density:
1,617/ha.

Small understory (taller than 50 cmand < 1.5 cm dbh): Most abundant species (% of small understory
density): speckled alder (38), silky dogwood (20), red ash (18). Other common species: Michigan hally,
Japanese barberry, red-osier dogwood, nannyberry, swamp rose. Mean small understory density: 969/ha.

GROUND COVER: Abundant forb species. Symplocar pus foetidus, Boehmeria cylindrica, Myosotis
scorpioides, Irisvirginica, Lysimachia nummularia, Anemone canadensis, Galium triflorum, Lysimachia
ciliata. Abundant graminoid species: Carex lacustris, Carex stricta, Calamagrostis canadensis, Elymus
virginicus, Leersia oryzoides, Phalaris arundinacea, Carex bebbii, Carex vulpinoidea. Abundant fern
species. Onaclea sensibilis, Matteuccia struthiopteris, Athyrium filix-femina. Abundant woody vines:
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Parthenocissus quinguefolia, Vitis riparia, Toxicodendron radicans. Abundant shrubs: Cornus amomum,
Alnus rugosa, Sambucus canadensis, Ilex verticillata, Cornus stolonifera, Rosa palustris, Ribes americanum.
Abundnat tree species: red ash, silver maple, American elm.

Comments

The horizontal and vertical position of the mouths of Lake Michigan tributaries has changed following
water-level fluctuation after glacial retreat and post-glacial uplift. During Chippewa low water levels, river
mouths were located within the present Lake Michigan basin. The rise in water level following isostatic
uplift forced river mouths inland of the modern shoreline. Later, as water levels receded, the river mouths
were partially closed by growth of sand spits and baymouth bars, which were later covered by higher dunes.
As aresult, the mouths of most Lake Michigan tributaries contain a shallow inland lake, at the same
elevation as Lake Michigan, and connected to it by a short, narrow channel. Herbaceous vegetation
dominates the lowest part of the valley, immediately adjacent to the inland lake. Swamp forest occurs inland
of the open meadows, and at slightly higher elevations.

Tree density islow due to inundation of the soil surface throughout most, or all, of the growing season when
lake levels are high. Large numbers of standing dead trees and dead branches on live trees indicate the stress
on trees due to prolonged inundation of the soil surface. Low tree canopy coverage favors sedgesin the
ground cover. Several consecutive years of high lake levels may kill overstory trees, enabling expansion of
herbaceous species from adjacent meadows. Recruitment of tree seedlings into the sapling layer may depend
upon several consecutive years of low lake level.

Similar Ecosystems

Distinguished from ecosystem 8 by greater abundance of red ash, lower abundance of silver maple, and the
occurrence of speckled alder in the understory. Also distinguished from ecosystem 8 by lower species
richness of the ground-cover layer, greater abundance of Carex lacustris, and lack of Saururus cernuus.

Distinguished from ecosystem 3 by greater water depth, and shorter duration of inundation, except when lake
levels are high. Also distinguished from ecosystem 3 by lower tree density and basal area, lower tree canopy
coverage, and the occurrence of speckled alder in the understory. In addition, the ground cover of ecosystem
6 is continuous and dominated by graminoids, rather than sparse, patchy, and dominated by forbs, asin
ecosystem 3.

In general, the drowned river-mouth valley is broader and flatter than floodplains further upstream. The flat
valley floor of the rivermouth is characterized by smaller tree size, lower tree density, lower tree canopy
coverage, and a higher coverage of sedges in the ground cover than the first bottom of the floodplain further
upstream.

Research Basis
NUMBER OF SITES: 3

NUMBER OF PLOTS: 65

Betsie River Sec. 36, T26N, R16W Benzie Co. 20 plots
Manistee River Sec. 2&5, T21IN, R16W and

Sec. 33& 36, T22N, R16W Manistee Co 30 Plots
Pere Marquette River Sec. 30, T18N, R17W Mason Co. 15 plots
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Ecosystem Type 7. Saturated gently sloping groundwater seepages along margins of drowned rivermouth
valleys; sapric and hemic muck over marl (combined depth of sapric and hemic muck > 150 cm); northern
white-cedar—eastern heml ock—yellow birch—black ash—red maple/Osmunda cinnamomea

SYNOPSIS: Located in drowned river-mouth valleys along the eastern Lake Michigan shorelinein
northwestern Lower Michigan (subsection V11.4). Gently sloping groundwater seepages along valley
margins. Saturated sapric and hemic muck over marl (combined depth of sapric and hemic muck > 150 cm);
neutral at the soil surface, very strongly acid on hummocks. Northern white-cedar—eastern hemlock—yellow
birch—black ash—-red maple overstory; northern white-cedar—speckled alder—black ash-red ash understory;
diverse, continuous ground-cover layer. Three sites, 12 plots.

Physiography

Gently sloping groundwater seepages at the base of steep slopes along margins of drowned river-mouth
valleys along the eastern Lake Michigan shoreline.

Hydrology

Groundwater-fed (saturated); water table at or slightly below the soil surface throughout the growing season;
surface water not present except in small, local depressions.

Sail

SUBSTRATE: Greater than 150 cm combined thickness of sapric and hemic muck over marl; surface soil is
sarpic muck (> 30 cm deep), layers of sapric and hemic muck extend from 30 to > 150 cm.

pH: Mildly alkaline, 7.5 (7.2-7.8), at the soil surface; mildly alkaline, 7.7 (7.6-7.8), at 50 cm; mildly
alkaline, 7.8 (7.7-8.0), at 100 cm; moderately alkaline, 7.9 (7.8-8.0), below 100 cm. Very strongly acid, 4.2
(4.0-4.5), on hummocks.

Vegetation

OVERSTORY: Dominants (% of basal area/ % of stem density): northern white-cedar (58/61), eastern
hemlock (14/9), black ash (8/12), red maple (9/7). Additional species: yellow birch, red ash, tamarack, paper
birch. Mean basal area: 43.3 m?ha. Mean stem density: 1,321/ha.

UNDERSTORY: Large understory (1.5-9.0 cm dbh): Most abundant species (% of large understory density):
northern white-cedar (29), black ash (24), speckled alder (20), red ash (19). Other common species. eastern
hemlock, yellow birch, mountain maple, American elm, basswood. Mean large understory density: 1,225/ha.

Small understory (taller than 50 cmand < 1.5 cm dbh): Most abundant species (% of small understory
density): speckled alder (24), red ash (23), black ash (20), tamarack (9), northern white-cedar (7). Other
common species: Japanese barberry, red raspberry, spicebush, Michigan holly, wild black currant. Mean
small understory density: 2,008/ha.

GROUND COVER: Abundant forb species: Rubus pubescens, Coptis trifolia, Mitella nuda, Impatiens
capensis, Lysimachia ciliata, Lycopus uniflorus, Maianthemum canadense, Mitella diphylla, Clematis
virginiana, Galium triflorum, Solidago patula, Fragaria virginiana, Aster lateriflorus. Abundant graminoid
species. Glyceria striata, Carex trisperma, Carex leptalea, Carex gracillima, Carex eburnea, Leersia
oryzoides, Carex arctata, Carex lacustris, Carex pedunculata. Abundant fern species: Osmunda
cinnamomea, Onoclea sensibilis, Equisetum arvense, Dryopteris cristata, Athyrium filix-femina, Thelypteris
palustris, Gymnocar pium dryopteris, Osmunda regalis. Abundant woody vines. Parthenocissus
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guinquefolia. Abundant shrubs. Cornus stolonifera, Acer spicatum, Lindera benzoin, Alnus rugosa,
Viburnum trilobum, Barbarea vulgaris, Lonicera canadensis, Ribes americanum. Abundant tree species:
black ash, northern white-cedar, red maple, red ash, paper birch, northern red oak, eastern hemlock, yellow
birch, tamarack, eastern white pine.

Comments

Groundwater seepages account for a small portion of the drowned river-mouth valley along large rivers, such
as the Manistee and Pere Marqguette, but they may account for the majority of the valley in smaller rivers,
such asthe Betsie and Big Sable.

All sites were characterized by pit-and-mound topography that devel oped as result of windthrow, or from the
buildup of organic matter at the base of trees. Due to the combined influence of shallow rooting and dense,
evergreen foliage, windthrow is a common disturbance. Multiple treefall gaps are common, and the resulting
high light levels on the forest floor account in part for the persistence of moderately tolerant tree species
(e.g., red maple, black ash, and yellow birch).

Similar Ecosystems

Distinguished from ecosystem 1 by deeper organic soil, lower overstory stem density, lower basal area, lower
canopy coverage, and greater abundance of deciduous species in the canopy. Also distinguished from
ecosystem 1 by greater abundance of cinnamon fern in the ground cover.

Additional research is hecessary to compare groundwater seepages along the outer margin of drowned river-
mouth valleysto groundwater seepages along the outer floodplain margin further upstream. Field
observations suggest that they are similar in overstory and understory species composition and structure, but
the dominant ground-cover species upstream is royal fern rather than cinnamon fern.

Research Basis
NUMBER OF SITES: 3

NUMBER OF PLOTS: 12

Betsie River Sec. 36, T26N, R16W Benzie Co. 4 plots
Manistee River Sec. 33, T22N, R33W Manistee Co. 4 plots
Big Sable River Sec. 28& 33, T20N, R17W Mason Co. 4 plots

Coastal Svamp Classification and Analysis Page-72



Ecosystem Type 8. Seasonally inundated flat drowned rivermouth valley floor; shallow alluvial deposits
(2050 cm deep) over fine sand; silver maple—red ash—(American elm)/Saururus cernuus, Peltandra
virginica

SYNOPSIS: Located in drowned river-mouth valleys along the eastern Lake Michigan shorelinein
southwestern Lower Michigan (subsection V1.3). Flat valley floor. Seasonally inundated alluvial soil (loam
to silty clay loam) over fine sand; neutral at the soil surface, mildly to moderately alkaline below the surface.
Silver maple—red ash overstory; silver maple—red ash—American el m—buttonbush understory; forb- and
graminoid-dominated ground cover. Two sites, 40 plots.

Physiography

Flat drowned river-mouth valley floors along the eastern Lake Michigan shoreline in southwestern Lower
Michigan. Drowned river-mouth valleys are generally broader and flatter than the river floodplain further
upstream. Within the river-mouth valleys forests are generally restricted to terrain at a higher elevation than
the maximum lake level.

Hydrology

Groundwater dominated, with stream inputs (seasonally inundated); soil surface isinundated early in the
growing season, when lake levels are low, the water table may fall 100 cm below the soil surface later in the
growing; when lake levels are high, surface water may persist throughout much of the growing season when
lake levels are high. High water mark, 82 (42—-100) cm above the soil surface; water table 30-100 cm below
the soil surface in mid summer.

Strong influence by stagnant groundwater rather than flowing water from over-the-bank flooding is indicated
by the shallow depth of aluvial deposits (< 50 cm), and the small size or absence of a natural levee along the
stream channel.

Soil
SUBSTRATE: Shallow alluvial deposits (loam to silty clay loam) 40 (20-50) cm deep, over fine sand.

pH: Neutral, 7.2 (6.8-7.5), at the soil surface; mildly alkaline, 7.7 (7.4—7.8), at 50 cm; moderately alkaline,
7.9 (7.8-8.0), at 100 cm; moderately alkaline, 8.0 (7.8-8.0), below 100 cm.

Vegetation

OVERSTORY: Dominants (% of basal area/ % of stem density): silver maple (76/64), red ash (20/29).
Additional species: American elm. Mean basal area: 45.1 m%ha. Mean stem density: 530/ha.

UNDERSTORY: Large understory (1.5-9.0 cm dbh): Most abundant species (% of large understory density):
silver maple (29), red ash (17), buttonbush (10). Other common species: American elm, riverbank grape,
poison ivy. Mean large understory density: 260/ha.

Small understory (taller than 50 cmand < 1.5 cm dbh): Most abundant species (% of small understory
density): buttonbush (66), red ash (24). Other common species: silver maple, poison ivy, American elm.
Mean small understory density: 308/ha.

GROUND COVER: Abundant forb species. Boehmeria cylindrica, Saururus cernuus, Peltandra virginica,
Laportea canadensis, Lysimachia ciliata, Scutellaria lateriflora, Aster lateriflorus, Physostegia virginiana,
Pilea pumila, Lysimacchia nummularia, Myosotis scor pioides. Abundant graminoid species: Phalaris
arundinacea, Leersia oryzoides, Cinna arundinacea, Carex grayi, Carex lacustris, Elymus virginicus,
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Calamagrostis canadensis. Abundant woody vines: Toxicodendron radicans, Vitisriparia, Parthenocissus
guinquefolia. Abundant shrubs: Cephalanthus occidentalis, Salix spp., Sambucus canadensis, Lindera
benzoin. Abundant tree species: silver maple, American elm, red ash.

Comments

The horizontal and vertical position of the mouths of Lake Michigan tributaries has changed following
water-level fluctuation after glacial retreat and post-glacia uplift. During Chippewalow water levels, river
mouths were located within the present Lake Michigan basin. The rise in water level following isostatic
uplift forced river mouths inland of the modern shoreline. Later, as water levels receded, the river mouths
were partially closed by growth of sand spits and baymouth bars, which were later covered by higher dunes.
As aresult, the mouths of most Lake Michigan tributaries contain a shallow inland lake, at the same
elevation as Lake Michigan, and connected to it by a short, narrow channel. Herbaceous vegetation
dominates the lowest part of the valley, immediately adjacent to the inland lake. Swamp forest occurs inland
of the open meadows, and at slightly higher elevations.

The forest of the flat valley floor adjacent to the river mouth is characterized by widely spaced trees, low tree
canopy coverage, and continuous coverage of graminoids and forbs in the ground cover. Shrubs are generally
not abundant, but dense clumps of buttonbush or willow occur locally in microsites that remain inundated
too long for trees to become established.

Similar Ecosystems
Distinguished from ecosystem 6 by considerably greater total overstory basal area, greater density and basal
area of silver maple in the overstory, and the absence of speckled alder in the understory. Also distinguished

from ecosystem 6 by lower coverage of graminoids and greater coverage of Saururus cernuus and Peltandra
virginica in the ground cover.

Distinguished from ecosystem 3 by greater water depth, and shorter duration of inundation when lake levels
are low. Also distinguished from ecosystem 3 by continuous rather than sparse, patchy ground-cover
vegetation.

Research Basis
NUMBER OF SITES: 2
NUMBER OF PLOTS: 40

Muskegon River Sec. 10& 11, T10N, R16W Muskegon Co. 20 plots
Kalamazoo River Sec. 8,17,& 22, T3N, R15W Allegan Co. 20 plots
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Ecosystem Type 9. Saturated gently-sloping groundwater seepages along margins of drowned rivermouth
valleys; sapric and hemic muck over marl (depth to marl > 100 cm); northern white-cedar— tamarack—eastern
heml ock—yellow birch—black ash—red maple/Osmunda cinnamomea

SYNOPSIS: Located in drowned river-mouth valleys along the eastern Lake Michigan shorelinein
southwestern Lower Michigan (subsection V1.3). Gently sloping groundwater seepages along valley margins.
Saturated sapric and hemic muck over marl (combined depth of sapric and hemic muck > 100 cm); neutral at
the soil surface, very strongly acid on hummocks. Northern white-cedar—tamarack—eastern hemlock—yellow
birch—black ash—red maple overstory; northern white-cedar—black ash-red ash—-American elm understory;
diverse, continuous ground-cover layer. Not quantitatively sampled.

Physiography

Gently sloping groundwater seepages at the base of steep slopes along the outer margin of drowned river-
mouth valleys along the eastern Lake Michigan shoreline in southwestern Lower Michigan.

Hydrology

Groundwater-fed (saturated); water table at or slightly below the soil surface throughout the growing season;
surface water not present during the growing season except in small, local depressions.

Sail

SUBSTRATE: Greater than 100 cm combined thickness of sapric and hemic muck over marl; surface soil is
sarpic muck up to 50 cm deep; layers of sapric and hemic muck extend to at least 100 cm.

pH: Mildly alkaline, 7.2, at the soil surface; mildly alkaline, 7.5, at 50 cm; moderately alkaline, 8.0, at 100
cm; moderately alkaline, 8.0, below 100 cm. Very strongly acid, 4.5, on hummocks.

Vegetation

OVERSTORY: Dominants. northern white-cedar, eastern white pine, eastern hemlock, tamarack, red maple,
black ash, and yellow birch. Additional species: red ash, American elm,

UNDERSTORY: Common species: northern white-cedar, black ash, red ash, American elm. Additional
species. spicebush, Michigan holly, poison sumac, black ash, red maple.

GROUND COVER: Abundant forb species. Solidago patula, Saururus cernuus, Thalictrum dasycar pum,
Solidago rugosa, Sum suave, Lysimachia ciliata, Aster lateriflorus, Anemone canadensis, Maianthemum
canadense. Abundant graminoids: Carex eburnea, Carex intumescens, Elymus virginicus. Abundant shrubs:
Euonymus obovata, Lindera benzoin. Abundant ferns: Onoclea sensibilis, Osmunda cinnamomea, Osmunda
regalis, Thelypteris palustris. Abundant tree seedlings: eastern white pine, red maple, black ash.

Comments

Not quantitatively sampled. However, based on aerial photo interpretation, similar conifer-dominated
groundwater seepages occur along the outer margin of drowned rivermouth valleys of several riversin
southwestern Lower Michigan.

Groundwater seepages along the outer margin of drowned rivermouth valleys are less extensive in
southwestern than northwestern Lower Michigan. The lesser abundance of groundwater seepagesin
southwestern Lower Michigan may be related to the warmer climate and longer growing season, which result
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in greater rates of organic matter decomposition and less accumulation of organic matter along the outer
margin of the valley. Also, the lesser abundance of groundwater seepages in southwestern than northwestern
Lower Michigan may reflect differencesin the historical development of the river-mouth valleys due to
greater rates of isostatic uplift in the north.

Similar Ecosystems
Distinguished from ecosystem 7 by lower basal area of northern white-cedar, and greater abundance of
deciduous tree species in the canopy (e.g., black ash, red maple, and yellow birch). Also distinguished from
ecosystem 7 by lower abundance of speckled alder and greater abundance of spicebush in the understory.
Research Basis
NUMBER OF SITES: Not quantitatively sampled.
NUMBER OF PLOTS: Physiography, hydrology, soil, and vegetation data presented above are based on

field reconnai ssance and one plot sampled in a groundwater seepage along the outer margin of the
Kaamazoo River floodplain upstream of the river mouth.
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Appendix F4. Comparison of ground-cover species composition among eight swamp forests sampled along
the norhtern Lake Michigan shoreline in 2003 (values are frequency (%), average percent coverage is in

parentheses).
Epou- Hog Chipp-
Portage fette Island Seiner's  Ogontz ewa Ogontz
Bay Bay Point Point North Point West Nahma
Species1 (n=25) (n=50) (n=25) (n=25) (n=25) (n=25) (n=25) (n=25)
TREES
Abies balsamea 88 (1.6) 46 (2.7) 40 (3.5) 68 (4.7) 64 (1.0) 24 (03) 28(0.3) 36 (0.6)
Acer rubrum 96 (1.1) 30 (0.5) 36 (1.1) 24 (0.3) 68 (1.4) 24(0.2) 4 (0.0)0 76 (1.0)
Betula papyrifera 12 (0.1) 20 (0.2) 20 (0.2) 4 (0.0) 20(0.2) 16(0.2) 12 (0.1) 40 (0.4)
Fagus grandifolia -- -- -- -- -- -- -- 4 (0.0)
Fraxinus americana -- -- -- -- -- -- -- 4 (0.0)
Fraxinus nigra 8 (0.1) 36 (0.6) 40 (0.4) -- 40 (0.5) 44 (0.5 32(0.3) 4 (0.0)
Picea glauca -- 2(0.0) 4(0.0 16 (0.2) -- -- -- --
Picea mariana 16 (0.2) -- -- -- -- -- -- --
Populus balsamifera 4 (0.0) 2(0.0) 4(0.0 -- -- -- 4 (0.0) --
Prunus serotina -- 2 (0.0) -- -- -- -- -- --
Thuja occidentalis 48 (0.5) 22 (0.5) 40(0.5) 28 (04) 16(0.2) 8(0.1) 8 (0.1) 44 (0.6)
TALL SHRUBS
Acer spicatum 12 (0.2) 28 (0.4) 16 (0.2) -- -- 4 (0.0) -- --
Alnus rugosa -- -- 4 (0.1 4(0.00 4(0.1) -- 8(0.2) 12(0.2)
Amelanchier spp. 4 (0.0) -- -- 4 (0.0) 12 (0.1) -- 12 (0.2) --
Cornus amomum 4 (0.0) -- 4 (0.0) -- -- -- -- --
Cornus stolonifera -- -- -- -- -- 4(0.0) 12 (0.2) --
Ilex verticillata -- 2 (0.0) -- -- -- -- 12 (0.1) 36 (0.4)
Prunus virginiana -- -- -- -- -- -- 4 (0.1) --
Salix spp. 4 (0.0) -- -- -- -- -- -- 4 (0.0)
Sorbus americana 20 (0.2) 8 (0.1) 12 (0.1) -- -- -- -- --
SHORT SHRUBS
Epigea repens -- -- -- 8 (0.4) -- -- -- --
Ledum groenlandicum 4 (0.1) -- -- 8 (0.3) -- -- -- --
Lonicera canadensis -- 22 (0.6) 8 (0.6) 16 (0.7) -- -- -- --
Rhamnus alnifolia -- -- -- -- -- 4 (0.0) 8 (0.4) --
Ribes americanum 4 (0.0) -- 4 (0.2) 4 (0.0) -- 4 (0.0) 4 (0.0) --
Rosa palustris -- -- -- -- -- -- -- 8 (0.1)
Rubus strigosus -- -- -- -- 4 (0.2) -- -- --
Taxus canadensis -- 2 (0.0) 4 (0.0) -- -- -- -- --
Vaccinium myrtilloides 24 (0.3) -- -- -- -- -- -- 4 (0.0)
Vaccinium oxycoccos -- -- -- -- -- -- -- 4 (0.0)
FORBS
Anemone canadensis -- -- -- -- 4 (0.0) -- 12 (0.3) --
Aralia nudicaulis 16 (0.3) 4 (0.1) 4 (0.0 -- -- 4 (0.1) 4 (0.1) --
Aster ciliolatus -- -- 8 (0.1) -- 12 (0.2) 4 (0.1) 28 (0.6) 28 (1.8)
Aster lateriflorus -- -- -- -- 8 (0.1) 28(04) 20(0.3) 24(0.5
Aster macrophyllus -- 2 (0.1) -- -- -- -- -- --
Aster spp. -- -- -- -- 4 (0.0) -- -- --
Bidens connatus -- -- -- -- -- -- 4 (0.0) --
Bidens frondosus -- -- -- -- 12 (0.1) -- -- --

1 . . P .
non-native species are in italics
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Appendix F4. (continued)

Epou- Hog Chipp-
Portage fette Island Seiner's  Ogontz ewa Ogontz
Bay Bay Point Point North Point West Nahma
Species1 (n=25) (n=50) (n=25) (n=25) (n=25) (n=25) (n=25) (n=25)
FORBS (continued)
Circaea alpina -- 6 (0.1) -- -- -- -- 20 (0.2) --
Cirsium arvense 4 (0.1) 6 (0.2) -- 4 (0.0) 4(0.1) 4.0 20(0.5 12 (0.2)
Clintonia borealis -- 10 (0.2) 4 (0.5) -- -- -- -- 16 (0.2)
Coptis trifolia 76 (1.0) 74 (3.5) 44 (0.5) 16(0.2) 68 (1.5 68 (L.5) 4 (0.1) 88 (4.0)
Corallorhiza maculata 4 (0.0) -- -- -- -- -- -- --
Cornus canadensis 12 (0.2) 38(1.3) 32(0.8) 28 (0.6) 4(0.1) 32(0.6) 32(0.6) 28 (0.4
Cypripedium acaule -- -- -- 4 (0.0) -- -- -- --
Drossera rotundifolia -- -- -- -- -- -- -- 12 (0.1)
Epilobium sp. 8 (0.1) -- -- -- 8 (0.1) -- -- --
Eupatorium maculatum -- -- -- -- 4 (0.0) -- - 4 (0.0)
Fragaria virginiana -- -- -- -- -- 8 (0.1) 12 (0.1) 8 (0.1)
Galium triflorum 8 (0.1) 30 (0.6) - - 44 (0.6) 68 (0.8) 16 (0.2) 44 (0.6)
Gaultheria hispidula 16 (0.3) 10 (0.4) 8(0.2) 44 (2.1) 20(0.3) 4(0.0 4 (0.0)0 48(0.8)
Geum canadense -- -- -- 4 (0.0) -- -- 28 (0.6) --
Goodyera sp. -- -- -- -- -- -- -- 4 (0.0)
Habenaria obtusata -- -- 4 (0.0) -- -- 4 (0.0) -- -
Hieraceum spp. 4 (0.0) 2 (0.0) -- -- 4(0.1) 4.1 8 (0.1) 8 (0.1)
Hypericum boreale -- -- -- -- -- 4 (0.0) -- --
Impatiens capensis -- -- -- -- 20 (0.4) -- 4 (0.0) --
Iris versicolor -- 2 (0.0) -- -- 4(0.1) 4.1 -- --
Linnaea borealis 40 (0.6) 52 (1.5) 28(0.7) 28(0.7) 4(0.1) 20 (04 -- 24 (0.5)
Lycopus uniflorus -- 4 (0.2) -- -- 48 (1.5) 32 (0.4) 4 (0.0) 20 (0.2)
Lysimachia thyrsiflora 8 (0.1) -- -- -- 4 (0.0) 12 (0.1) 36 (0.6) --

Maianthemum canadense 36 (0.4) 30 (0.3) 32 (0.4) 4 (0.1) 40(0.4) 48 (0.5) 16 (0.2) 48 (0.5

Mentha arvensis -- -- -- -- -- 8 (0.1) -- --
Mimulus ringens -- 2 (0.0) -- -- -- -- -- --
Mitella nuda 64 (2.3) 66 (2.3) 44 (0.5) -- 44 (0.7) 84 (1.8) 84 (1.1) 52(1.0)
Oxalis acetosella -- 18 (1.0) -- -- 16 (0.2) -- - -
Polygala paucifolia 12 (0.2) 34 (0.8) 4(0.00 12(0.2) -- -- -- 12 (0.2)
Polygonum hydropiperoid. -- -- -- -- 12 (0.1) -- -- --
Polygonum sagittatum -- -- -- -- 16 (0.3) -- -- --
Prunella vulgaris -- -- -- -- 4(0.1) 8(0.1) 4 (0.0) 8 (0.1)
Pyrola asarifolia 12 (0.2) 2(0.0) 4.0 16(0.3) 4(0.0) 4.0 8 (0.1) 4 (0.0)
Ranunculus recurvatus -- 2 (0.0) -- -- -- 12 (0.2) -- 4 (0.0)
Rubus pubescens 4(0.0) 5215 6820 44@1.2) 60@3.3) 64(3.6) 100 (10.0) 44 (0.7)
Rumex orbiculata -- -- -- -- -- -- 4 (0.0) --
Scutellaria galericulata -- -- -- -- 8(0.1) 8(0.1) -- --
Scutellaria lateriflora -- -- -- -- 24 (0.4) 8 (0.1) -- --
Smilacina trifolia -- -- -- -- 4 (0.0) -- -- --
Solidago rugosa -- 2 (0.0) -- -- 4(0.1) 8(0.2) 4 (0.1) --
Streptopus amplexifolius -- 2 (0.0) -- -- -- -- -- --
Trientalis borealis 84 (1.5) 58 (1.1) 60 (1.8) 72 (1.6) 56 (1.1) 52 (0.6) 12 (0.1) 80 (1.3)
Viola spp. -- 12 (0.1) -- -- 16 (0.2) 16 (0.2) -- 40 (0.5)
GRAMINOIDS
Bromus ciliatus -- -- -- -- -- -- 4 (0.0) --

1 . . P .
non-native species are in italics

Coastal Svamp Classification and Analysis Page-87



Appendix F4. (continued)

Epou- Hog Chipp-
Portage fette Island Seiner's  Ogontz ewa Ogontz
Bay Bay Point Point North Point West Nahma
Species1 (n=25) (n=50) (n=25) (n=25) (n=25) (n=25) (n=25) (n=25)
GRAMINOIDS (continued)
Calamagrostis canadensis -- 2 (0.1) -- -- 4(0.0) 8(0.1) 4 (0.0) 12 (0.1)
Carex arctata -- -- -- 4 (0.0) -- 8(0.2) 4014 16 (0.6)
Carex bebbii - 2 (0.0) -- -- - - -- --
Carex eburnea 16 (0.6) 8(0.8) 8(0.2) 8 (0.6) 16 (0.2) 12 (0.2) 8 (0.3) 32(0.8)
Carex flava -- 4 (0.1) -- -- -- -- -- --
Carex gracillima -- -- -- -- -- -- 8 (0.2) --
Carex intumescens -- -- -- -- 20 (0.4) 8(0.1) 32(0.6) 48 (0.8)
Carex lacustris -- -- -- -- 4 (2.0 -- 32 (0.5) --
Carex leptalea 8 (0.2) -- -- -- 12 (0.3) 32 (1.0) 40 (1.8) 12 (2.6)
Carex pedunculata -- 14 (0.4) 80 (12.0) 60 (2.2) 20(0.7) 52 (1.6) 28(0.9) 36(1.3)
Carex stricta -- -- -- -- 16 (0.6) 24 (0.4) -- --
Carex trisperma 84 (2.0) 56 (4.1) 32(09) 80(83) 64(13) 20(0.2) 1204 7234
Carex sp. #1 - 2 (0.1) -- 4(0.2) - - 8 (0.5) 4 (0.1)
Carex sp. #2 -- -- -- 4 (0.3) -- -- -- --
Carex sp. #3 -- -- -- 4 (0.2) -- -- -- --
Glyceria canadensis -- 2 (0.1) -- -- -- -- -- --
Glyceria striata -- -- -- -- 8(0.2) 16(0.2) 52 (8.4) 28(0.3)
Leersia oryzoides -- -- -- -- 12 (0.2) -- -- --
Panicum sp. 4 (0.0) -- -- -- 16 (0.2) 4 (0.0) -- --
Scirpus atrovirens -- -- -- -- 4 (0.2) -- -- --
Unknown grass -- -- -- -- 4 (0.1) -- -- --
FERNS
Athyrium filix-femina -- -- -- 4 (0.1) 8 (0.1)

Botrichyium virginianum 4 (0.0) 2 (0.0) -- -- 8 (0.1) 4 (0.0) --
Dryopteris cristata 8 (0.1) 52(1.8) 24(0.8) -- 44 (1.0) 12 (0.2) 40 (1.0 4 (0.1)

Equisetum arvense 32 (0.4) 2 (0.0) -- -- 20 (0.4) 76 (1.6) 92 (2.6) 16 (0.2)
Equisetum scirpoides 4 (0.1) -- 4 (0.1) 20 (0.2) -- 8 (0.1) -- --
Gymnocarpium dryopteris -- 24 (1.2) 36 (0.6) -- 24 (0.8) 28 (0.6) 8 (0.1) 20 (1.0)
Huperzia lucidula 12 (0.1) 18 (0.3) 8 (0.1) -- 16 (0.2) -- -- 8 (0.1)
Lycopodium annotinum -- -- -- -- 12 (1.3) -- -- --
Matteuccia struthiopteris -- -- -- -- -- -- 4 (0.2) --
Onoclea sensibilis -- -- -- -- 16 (0.3) -- 12 (0.2) 4 (0.0)
Osmunda cinnamomea -- -- -- -- 4 (0.2) -- 4 (1.0) --
Osmunda regalis -- 2 (0.2) -- -- -- -- -- 16 (0.3)
Thelypteris palustris 4 (0.0) -- -- -- 4(0.1) 16 (03) 20 (04) 4 (0.0)
Woodsia ilvensis -- -- -- -- -- -- 24 (0.3) 4 (0.1)

1 . . P .
non-native species are in italics
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Appendix I1. Comparison of overstory species composition among seven swamp forests sampled along the
southern Lake Huron shoreline in 2002 (percentages of total stem density and basal area are in parentheses).

Ecosystem Type 3 Ecosytem Type 5
King Wigwam  Pigeon  Wildfowl  Tobico Pin- Wildfowl
Road Bay South Swale Swamp conning Glade

Species (n=15) (n=20) (n=15) (n=R) (n=20) (n=15) (n=12)
Acer saccharinum

Stems/ha 250 (23) 593 (65) 307 (44) 225 (51) 185 (20) 487 (54) 33 (4)

BA (m’/ha) 10.0 (19) 19.0 (52) 16.7 (44) 21.5(53) 6.4 (16) 13.1 (47) 1.5 (7)

Avg dbh (cm) 20.2 20.9 22.9 30.6 20.9 17.1 22.6
Fraxinus pennsylvanica

Stems/ha 537 (49) 215 (25) 300 (41) 381 (47) 405 (57) 267 (32) 746 (92)

BA (m’/ha) 22.0 (47) 139 (38) 13.1 (41) 10.5 (41) 12.4 (50) 11.1 (36) 20.0 (90)

Avg dbh (cm) 20.9 29.5 23.9 17.6 18.8 21.2 17.2
Ulmus americana

Stems/ha 237 (20) 53 (8) 60 (7) 6 (1) 108 (18) 7 (1) 13 (2)

BA (m’/ha) 2.9 (6) 0.8 (2) 1.2 4) 0.1 (0) 24 (14 02 (1) 0.5 (2)

Avg dbh (cm) 12.1 13.0 17.5 16.7 15.2 15.4 22.8
Populus deltoides

Stems/ha 83 (8) -- 10 (1) -- 25 (4) 43 (5) --

BA (m’/ha) 15.4 (26) - 2.9 (7) - 9.7 (20) 2.6 (9) --

Avg dbh (cm) 49.6 -- 60.4 -- 65.4 24.5 --
Quercus bicolor

Stems/ha 7 (1) 3 (0) 37 (5) - - 43 (7) --

BA (m’/ha) 0.7 2) 0.1 (0) 1.3 4) -- -- 1.4 (6) --

Avg dbh (cm) 344 22.3 20.2 - - 18.6 -
Fraxinus nigra

Stems/ha -- 8 (1) 7 (1) -- -- -- 4 (D)

BA (m’/ha) - 0.2 (0) 0.2 (0) - - -- 0.0 (0)

Avg dbh (cm) -- 15.1 19.2 -- -- -- 9.5
Quercus macrocarpa

Stems/ha -- 8 (2) -- -- -- - 13 (1)

BA (m’/ha) - 2.5 (7) - - - - 0.3 (1)

Avg dbh (cm) -- 68.0 - - - - 14.8
Salix spp.

Stems/ha -- -- -- 3(D) -- 7 (1) --

BA (m’/ha) - - - 1.9 (5) - 0.3 (1) -

Avg dbh (cm) -- -- -- 61.2 -- 23.6 --
Tilia americana

Stems/ha - - 3(1) - - -- --

BA (m’/ha) - - 0.1 (0) - - - -

Avg dbh (cm) - - 13.4 - - - --
Betula papyrifera

Stems/ha -- -- 3 (1) -- - - -

BA (m’/ha) - - 0.1 (0) - - - -

Avg dbh (cm) -- -- 14.9 -- -- -- --
Populus tremuloides

Stems/ha - - - - 3 (0) - -

BA (m*/ha) - - - - 0.1 (1) - -

Avg dbh (cm) - - - - 26.7 - --
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