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ABSTRACT

THE ALVARS OF THE MAXTON PLAINS,
DRUMMOND ISLAND, MICHIGAN:
PRESENT COMMUNITY COMPOSITION AND VEGETATION CHANGES

By

Patrick Stephen Herendeen

The alvar vegetation of the Maxton Plains, Drummond
Island, Michigan is examined. Alvars are defined as areas
of horizontal limestone or dolomite with shallow soil,
supporting an open vegetation dominated by herbaceous
plants. On the Maxton Plains these communities are largely .
dominated by members of the Poaceae and Cyperaceae. The
alvars of the Maxton Plains are compared with the alvars in
Oontario, Canada and Oland, Sweden. Similarities in the
physical setting and vegetation between these regions are
discussed. Through plot sampling in eleven alvar sites,
composition of the Maxton Plains alvars and its variability
is studied. Similarity of sites is calculated using Horn's
index.

Aspects of the history of the alvar vegetation are
examined through use of aerial photographs and deposits of
opal phytoliths in the soils. Differences between the
aerial photographs taken in 1939 and 1977 indicate some
areas of change in position of the alvar-forest boundary.
opal phytolith deposits provide evidence that is interpreted

to suggest an oscillation of the forest-alvar boundary.



ACKNOWLEDGEMENTS

Through the course of this study I have become indebted
to many people for their assistance with various aspects of
this work. I should first acknowledge the assistance of my
major professor, Dr. S. N. Stephenson. I would also like to
thank my committee members, Dr. A. T. Cross, Dr. J. H.
Beaman and Dr. D. Beaver for their suggestions on an earlier
version of this thesis.

Dr. Cross generously provided all the materials and
work space required for the opal phytolith and palynological
preparations. For this and many rewarding conversations I'
am grateful. Mr. K. C. Kelley was an indispensable resource
in the early stages of sample preparation. I owe a word of
thanks to Dr. R. E. Taggart for his help with several BASIC
programs, including his program for constructing ternary
diagrams. Also for programming help I thank Mr. Richard
carroll. Thanks are also extended to Dr. J. Wee for advice
concerning microscopy and photography techniques. Dr. G.
safir kindly provided me with the use of his printer for the
final copy of this text. I would like to acknowledge Ms.
Kathryn Egan for her help in keeping me current on recent
opal phytolith papers in the archaeological literature.

I would like to extend thanks to Dave Mahan and The
Nature Conservancy for providing financial support during
the 1984 field season. Thanks also to Mr. Kim Chapman of

the Michigan Natural Features Inventory for valuable



conversations and insights. I am grateful to Dr. R. P.
Futyma for lending me a copy of his Dissertation. His work
provided a valuable resource in understanding the vegetation
history in Upper Michigan.

Finally, I would like to acknowledge the Johnson family
of Drummond Island for many hours of interesting
conversation and for help in a number of difficult
situations. Their knowledge of the Maxton Plains and of the

history of Drummond Island has been invaluable.

iii



TABLE OF CONTENTS

List Of Tables....... ® © 0600 000000000000 00000000000 0CC0e OSSO .vi
List Of Figures ® ®© ©© 0000000000000 0000000000000 00000000eo0e oviii
Introduction.......o..o00...0..0......ooo..oo...o..-..o.oool

Geological setting
Geology of Drummond IslanNdeceeceececcccccccccccsocscscssscceel
Late Quaternary history of lake levelS..cccececescccceed

Summary of the Post Glacial Vegetation History and Climate

of the Great Lakes region.
Introduction..cccecccececccccsccoocossscncosscssccssccnseall
General vegetation history..ceeeecececceccccosccccceacaold
Migration routesS.cccececececccccccccccscsccsccccccccccccacecsscl?
Prairie peninsula..cccceccccccecccccsccccsccccccccccnesld
Climatic changeS.ccecececccccsccccccssccscssccsscscccccceed?

Alvars and Alvar Vegetation.
Alvar as a geomorphological and ecological term.......28
Description of the physical features of the alvars of
the Maxton PlainNS..ccccecccccccccccccscscscscccccsscccceceeld
Soils of the Maxton Plains alvars.
Methods.....00....‘......0.........0..............31
Results.'..................O......................32
Summary of the climatic data for Drummond Island......32
Comparison of the Maxton Plains alvar setting with
alvars of other regionS..cccececcccccccccecccccccsccalB
Maxton Plains alvar vegetation.
INtroduction..cceecceccecccccceccccsccscscoscsccsccccccsecd
Floristic composition of the alvars..ccccceecceecss.46
The uniquenatureof the vegetation of the
Maxton Plains alvarS.cccccccccecccccccscsscsccccsaeadl
Comparison of the alvar vegetation of the Maxton
Plains with the alvars of other regionS....ccececececs.54
Naturalness of alvar vegetatioN...c.ceccececccccccccaceesd8

Vegetation analysis.
IntroductioNeccceeccccccccesscsacscsccccscccsscssccscssoscnasbl
Methods...O.'........0.......0........00.0.....0......62
Results and discussion

Vegetation composition and variability between
SiteSeeccccerccccscccscscscncccsccsccscccccssscscscceeb?
Similarity of Sites .....................D.......072
Relationships between biogeographic groups.ccee...79
Relationship between species composition and size

Of SiteSeceeececccceccscecescascsccccsccsccascscnsssddb

Summary'...............0........l.........'...............92

iv



History of the alvar vegetation of the Maxton Plains
IntroductioOnN.ccececccecccccsccscccsscsscccccssoscsscscsscssscsssld
Vegetation history as studied through aerial photographs

Methods.........l.........0....0......0....0......95
Results and disSCuUSSiON .ccceecccccccscccscccccasneeadb
Utility of opal phytoliths in paleoecological studies:

a literature review
IntroductioN.eccceccceccsccocccscccsoscsscsccsccscessall2
Nature of opal phytoliths and phytolith deposits.102
Occurrence of opal phytoliths in plants..ccceee..107
Differentiation of opal phytoliths in the

POACEAC.cceecccccscssscsoscsssscssccsssnsscsscscnsessl0B

Paleoecological uses of opal phytolith deposits..114

SUMMAXY ceeceeccccosccccsccsccscsccsnscscscscscsossscssessll?
Opal phytolith evidence of vegetation history of the

Maxton Plains
MethOdS.ceeeecccccccccccoccecsescscccscsccccscssssseeoslld
Results and disSCUSSiON.cceeccccccccescccsccsccnsssl3d

SUMMAYY ceeeecccocscscscscscscsoscsscscscscsscscssscosssscscsossscssccssccscceelb?

Suggestions for further work that is needed to make opal

phytolith deposits of greater utility paleo-
€C010giCallyeeccccccccccccsccoscscccscscsssccscsssassssssseselb9

Literature Cited.....o.........0....o.o.o.00100000000.000170.

Appendix A Maps of the Maxton PlainS..ccceccccccccccccessl78
Appendix B A checklist of the taxa found on the Maxton
Plains AlvVarS.ccececccccccccccsccscsccssscoscsocccccscscssssscssscsslB3
Appendix C Alphabetical listing of the species encountered
on the alvars of the Maxton PlaiNS.cccccecccccccccccccsessl87
Appendix D Results of the vegetation samplingeeececceece...190
Appendix E Species lists for sites studied in 1984......203
Appendix F Notes on the sites surveyed in 1984..........205
Appendix G Calculated similarity valueS..cceececccccccees.206



LIST OF TABLES

1. Summary of the soil data for the eleven sites where
vegetation has been sampled.

2.S0il data from site #29-2 showing variability of
measured soil parameters.

3. Summary of the climatic data for De Tour village
from 1964 to 1983.

4. Summary of the climatic data for the critical period
of June through September.

5. Comparison of climatic data for De Tour village and
Oland, Sweden.

6. Percent cover of species in 11 sites as calculated
from vegetation sampling in 1983.

7. Number of species and percent cover of species by
biogeographic group.

8. Relationships between biogeographic groups of
species as represented by number of species in each
group occurring in a site.

9. Relationships between biogeographic groups of
species, and with area of the alvar site, as
represented by correlations using percent cover of
species.

10. Number of opal phytoliths observed in soil samples
from both the alvar sites dominated by Sporobolus and

Schizachyrium and the alvar sites lacking dominance by
these species, and the transects indicated.

11. Differences in composition of opal phytolith
deposits in soils from alvar sites dominated by
Sporobolus and Schizachyrium (Sh/Ss) and alvars lacking
the dominance of these species (Others).

12. Results of vegetation sampling for site 28/29-1.
13. Results of vegetation sampling for site 28/33-1.

14. Results of vegetation sampling for site 29-2.

vi

33

34

36

37

41 -

68

80

82

85

145

147
190
191
192



15. Results
16. Results
17. Results
18. Results
19. Results
20. Results
21. Results
22. Results

23. Species

24. Sorensen index of community similarity calculated

of vegetation sampling for site 33-2.
of vegetation sampling for site 33-4.
of vegetation sampling for site 34-1.
of vegetation sampling for site 34-2.
of vegetation sampling for site 34-3.
of vegetation sampling for site 34-5.
of vegetation sampling for site 36-6.
of vegetation sampling for site 36/31-1.

lists for sites surveyed in 1984.

for sites examined in 1984.

25. Horn's index of community similarity calculated for

sites examined in 1983.

193
194
195
197
198
199
200
201

203

206

207 -



LIST OF FIGURES

1. Approximate shorelines (present elevation) for the
Nipissing (ca. 650 ft.) and Algoma (ca.625 ft.) Great
Lakes stages.

2. Time of emergence of a given elevation from the
waters of Lake Huron. Data represent radio-carbon
dated shoreline features from Manitoulin Island. The
shoreline of Lake Huron is calculated to have been at
the 620 ft. level (present elevation) approximately
3560 years ago. Data is from Lewis (1970).

3. Similarity of communities sampled. This calculation
of similarity is based on the Shannon diversity index
and Horn's index of community overlap (Brower and Zar
1977).

4. Similarity of communities as calculated using
Sorensen's coefficient of similarity. This value is
calculated using species presence as recorded in
species lists and thus does not account for differences
in importance of species. See text for discussion of
group designations.

5. Relationship between area of alvar and number of
species recorded.

6. Map of the Maxton Plains representing changes in
vegetation boundaries that have taken place between
1939 and 1977.

7. Opal phytoiith morphology classes as defined by
Twiss et al. (1969).

8. Ternary diagram representing the relationship
between categories A, B and C. This figure
demonstrates the procedures involved in plotting either
percentage data or count data.

9. Opal phytoliths isolated from reference materials.
Danthonia spicata (1-7), Schizachyrium scoparium (8-
11).

10. Opal phytoliths isolated from reference materials.
Sporobolus heterolepis (12-16), Bromus kalmii (17-18).

viii

10

73

76

91

98

112

132

135

137



11. Opal phytoiiths isolated from reference materials.
Poa pratense (19-23), Agropyron trachycaulum (24-26),
Festuca ovina (27-31).

12. Ternary diagrams representing the relationships
between pooid, panicoid and chloridoid opal phytoliths.

13. Ternary diagrams representing the relationships
between panicoid and chloridoid phytoliths and diatom
remains.

14. Ternary diagrams representing the relationships
between pooid, chloridoid and long cell phytoliths.

15. Ternary diagrams representing the relationships
between silica cell and long cell phytoliths and diatom
remains.

16. Map of Michigan.

17. Main map of the Maxton Plains of Drummond Island.

18. Map of Maxton Plains with site numbers.

139

156

158

162

164

178
179

181 .



INTRODUCTION

This study of the alvars of the Maxton Plains of
Drummond Island was initiated for several reasons. Very
little has been published concerning this area and it is
hoped that this study will contribute some information in
this regard. The physical setting of the region and the
vegetation are gquite unusual. The alvars are areas of
horizontally bedded dolomite with very shallow soil and they-
support a vegetation dominated by grasses, sedges and other
herbaceous taxa. The occurrence of a grassland community in
northern Michigan is unexpected. The composition of these
grasslands is unusual in that they are composed of a large
number of both midcontinental and northern disjunct species.
There are nine vascular plant species occurring on the
alvars that are listed as either "threatened" or of "special
concern” in Michigan. These grasslands are also unique in
that they are the only areas in Michigan that are dominated

by three state listed taxa, namely: Sporobolus heterolepis,

Eleocharis compressa and Carex scirpoidea.

The objectives of this study are as follows:
1) To evaluate the composition of the alvar vegetation, as
well as its variability between sites.
2) To evaluate similarities between sites.
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3) To investigate relationships between biogeographic
groups of species.

4) To investigate relationships of species composition to
size of alvar site.

5) To study aspects of the history of the alvar vegetation.

The vegetation analysis is based on plot sampling in
eleven sites and species lists for 18 other alvar sites.
Study of the vegetation history is based on use of aerial
photographs from 1939 and 1977, as well as on analysis of
opal phytolith deposits in the soils of the alvars and
adjacent transitional areas.

With few exceptions nomenclature for plant species-
follows Voss (1972) for the Gymnosperms and Monocots and
Gleason and Cronquist (1963) for the Dicots. Voucher
specimens are deposited in the Michigan State University
Herbarium (MSC).

This report will start with a summary of the geological
setting of the study area and a summary of the postglacial
vegetation history and climate of the Great Lakes region.
Comparisons of the Maxton Plains alvars will then be
made with the alvars of both Ontario and Oland, Sweden.
These comparisons will make clear the unusual nature of
alvar regions. The vegetation analysis will follow and the
report will then conclude with the investigation of

vegetation changes.



GEOLOGICAL SETTING.

Geology of Drummond Island.

The bedrock of Drummond Island is composed of dolomite
of the Niagaran Series (Middle Silurian). This unit is part
of a broadly curving arc of resistant rock which extends
from Niagara Falls, north through the Bruce Peninsula, north
and west to the islands of Lake Huron, west to the southern
part of the Upper Peninsula of Michigan and then south to
the Door Peninsula of Wisconsin. On much of northern
Drummond Island the overlying Devonian shales and limestones
have been eroded away to expose a flat, shallowly dipping
dolomite "pavement" (Dorr and Eschman, 1970).

The bedrock surface on the plains is nearly flat to
slightly rolling and slopes from northwest to southeast with
a gradient of one percent or less. A series of ledges runs
roughly east-west across the western part of the Maxton
Plains and vary in height from one to two meters. These
ledges could be o0ld shoreline features or they could be the
result of glacial plucking.

Areas just north of a ledge tend to be quite wet and
poorly drained due to the damming effect of the ledges while
those areas immediatly south of a ledge tend to be much
drier. Vegetation zones tend to conform to these physical

features quite closely.



The dolomite exhibits a jointing pattern which is quite
conspicuous over large areas of the Maxton Plains. Joints
in the dolomite serve to trap weathered rock and fine
grained mineral matter, organic materials and water which
may then promote colonization by plants. These vertical
joints provide a source of moisture to the immediately
adjacent vegetation, even through the driest periods. An
equivalent amount of water is unavailable to plants located
only a short distance away.

The southern portion (approximatly half) of Drummond
Island is covered by surface deposits of lake sediment
origin while the northern portion is reported to have
surface deposits originating from glacial end moraines.
However, over an extensive portion of the Maxton Plains
there is little or no glacial till, though there are many
glacial erratic boulders scattered throughout. It has not
been determined whether till was never deposited in these
areas or that it was originally present but was later
removed through water erosion‘during fluctuating postglacial
lake levels.

As a result of this scanty deposit, all mineral
material for soil development must have either come from the
products of dolomite weathering or have been transported in
by air or water. Much of the silicate clay and fine sand in
the scanty soils are likely derived from the dolomite
parent material since silica constitutes approximately five

percent (by weight) of this rock.



Late Quaternary history of lake levels.

At the peak of the Wisconsinan glaciation, all of
Michigan was covered by glacial ice. The deglaciation
process involved several temporary retreats and readvances
of the ice. Final deglaciation of eastern upper Michigan
began after the peak of the Greatlakean ice advance about
11,500y B.P.(years before present). As the ice retreated,
Lake Algonquin expanded northward. The first halt in
deglaciation of the Upper Peninsula is marked by the
Newberry Moraine. A second, longer lasting halt is
represented by the Munising Moraine where the ice front
remained for perhaps several centuries, allowing development
of the main Lake Algonquin strandlines (Futyma, 1981).

At the maximum extent of Lake Algonquin (ca. 10,600y
B.P.) most of eastern upper Michigan, all of Drummond Island
and most of Manitoulin Island were under water. Most of the
exposed land of this region consisted of small islands,
mostly on the Newberry Moraine and the Niagara escarpment.
The outlets of Lake Algonquin are placed at 605 ft at the
DesPlaines and St. Clair Rivers (Flint, 1971). Due to
differential rebound the strandlines that mark the Algonquin
level in northern Michigan are considerably higher. The
isobase trend (lines of equal deformation) was determined by
Futyma (1981) to be S. 75° E. Though Futyma did not
specificly examine Drummond Island, the maximum Algonquin

lake surface can be estimated from the isobase trend to have



been roughly 919 ft. (280 m) for this area. There was no
exposed land on Drummond Island at this time since the
highest point on the island is 750 ft.

In the Huron basin the main Algonquin stage ended ca.
10,600y B.P. with the opening of successively lower outlets
to the east through North Bay. The water level continued to
drop to a low water phase (Lake Stanley- Huron basin, Lake
Chippewa- Michigan basin), which was reached by ca. 9800y
B.P. (Terasmae and Hughes, 1960; Hough, 1963; Wayne and
Zumberge, 1965). According to Flint (1971), the outlet for
Lake Stanley was the Ottawa River at 165 ft. (present
elevation) and the Lake Chippewa outlet was the Mackinac
River at 230 ft. Hough (1963) estimated the original
elevation of Lake Stanley to have been 180-200 ft.

The Lake Stanley-Chippewa phase ended with elevation of
the North Bay outlet. Water levels rose for approximately
3,000 - 4,000 years until discharge was resumed through the
stable Algonquin outlets at Chicago (Des Plaines River) and
Port Huron (St. Clair River), in addition to the outlet at
North Bay. This triple outlet phase defines the Nipissing
Great Lakes phase in postglacial lake level fluctuations and
is now thought to have occurred from ca. 6,100 to 3,900y
B.P. with a peak water level of 605 ft. at the outlet, dated
at ca. 5,500y B.P. (Lewis, 1968; Smith, 1968; Harrison,
1971). Nipissing strandlines are well developed erosional
features in northern Lake Huron. The shoreline at Sault

Ste. Marie is represented by a 9 - 15 meter bluff with its



base at about 197 m. (645 - 650 ft.) (Cowan, 1978). Lewis
(1970) reports Nipissing shoreline features on Manitoulin
Island to range from 640 ft. (195 m.) on the south to 655
ft. (200 m.) on the north end of the island. Prominent
bluffs south of the Maxton Plains on Drummond Island are
within the range of elevations reported above and are likely
Nipissing in origin. Figure la shows the extent of
exposed land on Drummond Island during the stable phase of
Lake Nipissing. At this time all of the Maxton Plains was
under water.

The Nipissing Great Lakes phase ends with the closing
of the North Bay outlet through the Ottawa River and the-
gradual lowering of water level by erosion of the Des
Plaines River and St. Clair River outlets. The water level
dropped for approximately 500 years until it reached a
temporarily stable level at 592 ft. (180 m.) by about 3,200y
B.P. Water level was maintained during the Algoma phase,
3,200y B.P. to ca. 2,500y B.P. (Lewis, 1970). Elevations of
Algoma strandlines near Little Current, Manitoulin Island
are suggested to be ca. 625 ft. (190.5m) (Lewis, 1968).
Figure 1b illustrates the approximate position of the Algoma
shorelines on the Maxton Plains of Drummond Island. Renewed
erosion of the Port Huron outlet allowed gradual lowering of
water level to reach 580 ft. (176.8 m) (based on present
elevation) by ca. 2,000y B.P. (Wayne and Zumberge, 1965).

Time of emergence of a land area such as the Maxton
Plains from Lake Huron can be estimated from the timing of

lake level changes and the rate of rebound. Lewis (1970)
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made the following measurements and calculations for recent
uplift on Manitoulin Island. The total amount of post
Nipissing emergence above Lake Huron is 18-23 m. (60-75
ft.): 6.7 m. (22 ft.) by lowering of lake level and the
remainder, 11.3-16.3 m. (38-53 ft.), is due to uplift.
Lewis calculates the uplift to have been at a constant rate
of 2.2+.7 mm/yr. (0.73+.2 ft/100yrs.) for the past 5,000
years for Little Current, Manitoulin Island. Lewis has
identified and dated old shoreline features and organic
deposits on Manitoulin Island and relates their present
elevation to elevation at the time of emergence from Lake
Huron. The followingis a partial listing of these sites

showing present elevation, original elevation and time of

emergence:
Original Time of
Present Elevation Site Elevation Emergence

582.0ft.(177.4m.) 581.0ft.(177.1m.) 190+130yBP
584.0ft.(178.0m.) 582.3ft.(177.5m.) 510+180yBP
595.1ft.(181.4m.) 587.3ft.(179.0m.) 1500+600yBP
600.0ft.(182.9m.) 587.9ft.(179.2m.) 1660+150yBP
606.6ft. (185.0m.) 590.2ft.(179.9m.) 2180+300yBP
632.2ft.(192.7m.) 602.4ft.(183.6m.) 4740+140yBP

Assuming that the rates of rebound on Drummond and
Manitoulin Islands have not been significantly different, it
is possible to estimate time of emergence of the Maxton
Plains area from these data. Figure 2 represents the
elevations of these dated shoreline features plotted against
time of emergence. From these data it is possible to

correlate these variables and predict time of emergence for
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Figure 2 Time of emergence of land from the waters of Lake
Huron. Data represent radio carbon dated shoreline features
from Manitoulin Island. The shoreline of Lake Huron is calcu-
lated to have been at the 620 ft level (present elevation)
approximately 3560 years ago. Data is from Lewis (1970).
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a given elevation. The 620 ft. level on Manitoulin Island -
is predicted to have first been exposed ca. 3558 years ago.
It is evident from this information that the main part of
the Maxton Plains (590-615 ft.) has been above water and
available for plant growth for less than 3,500 years. It
should be noted, however, that this time represents the time
of final emergence from the water and that there have been
areas of continually exposed and chronically disturbed land
available, fluctuating shorelines and isolated high points,
for colonization by plants since the decline of Lake

Algonquin water levels.



SUMMARY OF THE POSTGLACIAL VEGETATION HISTORY AND CLIMATE OF

THE GREAT LAKES REGION.

Introduction.

The sequence of postglacial vegetation and climatic
changes in the Great Lakes region are reviewed briefly here
so that the characteristics of the present vegetation of the
Maxton Plains can be understood and compared with the
vegetation of the surrounding region and put into a
historical context. The pertinent 1literature is too’
voluminous to review thoroughly but several comprehensive
reviews are available (Ogden, 1969; Davis,1983 and Webb et
al., 1983). There have been few palynological studies
reported from the northwest end of the Lake Huron basin.
Recently palynological studies in eastern Upper Michigan
(Futyma, 1982) and on Manitoulin Island (Warner, 1980) have
been reported. Most of the studies which concern regional
vegetation history and climate change have been conducted on
sites in Minnesota, Wisconsin, northern Illinois and Indiana
and southern Michigan. It would be helpful to have more
palynological evidence from along the shores of the Great
Lakes so that migrations associated with these shorelines
could be better assessed. Unfortunately studies from these
areas are also limited in number. An outline of the timing

and nature of the major vegetation changes and migration

13
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routes is given in the following paragraphs and then
evidence for prairie expansion and for Holocene climatic

changes is considered in more detail.

General vegetation history.

The late-glacial vegetation record in the Great Lakes
region provides evidence of a short-lived, narrow belt of
tundra, whereas in southern New England there is evidence
for a much longer interval of tundra vegetation, lasting
perhaps until 12,000 y. B.P. (Davis, 1967). Terasmae (1967)
notes that there is no evidence of a long-lasting tundra
environment anywhere north of the Great Lakes in late-
glacial time. He also shows that as northern Lake Superior
was being deglaciated about 10,000 y. B.P., arctic species
could have invaded the northern Great Lakes region by
several routes, all restricted to lakeshore and riverside
habitats. These are: 1) west of Lake Superior, 2) at Sault
Ste. Marie through the Upper Peninsula of Michigan, and 3)
through southern Ontario by way of the Bruce Peninsula and
around Georgian Bay. Arctic species had migrated into the
northern Great Lakes region by 9,000 y. B.P.

Tundra vegetation was very rapidly invaded byelements
of the early boreal forest assemblage, being replaced in all
but the most sheltered areas along the lakes (Terasmae
1967). One such protected area still supporting species
with tundra affinities was described from the 014 Woman

Bay of Lake Superior by Soper and Maycock (1963).
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Warner (1980) concludes that the first vegetation to
colonize the bedrock highlands of Manitoulin Island
approximately 10,500 y. B.P. was probably an open, prairie-
like, spruce parkland, dominated by grasses and sedges. He
considers that this vegetation probably resembled the
vegetation that covers Great Coche Island today, a region
that is quite similar to the Maxton Plains.

The exact nature and extent of the early boreal forest
is still in gquestion because of several unusual
characteristics of the pollen record. Terasmae (1968)
believes that the late-glacial boreal forest was probably
more open because of the greater percentage of nonarboreal'
pollen in these assemblages. Cushing (1965) notes that the
pollen of spruce-dominated, boreal forest areas are
unusually rich in pollen of heleophilous herbaceous taxa
such as Artemisia and Ambrosia and in other species from
differing biogeographic affinities. This assemblage has been
interpreted in various ways including: reworked sediments;
long distance transport of pollen of deciduous forest types
into an open vegetation near the northern treeline; mixed
coniferous hardwood forest with nearby grassland; and a
mixture of vegetation types including swamp, coniferous
forest, oak savanna and prairie. Cushing (1965) points out
that with the diversity of microhabitats that were possible
on this new landscape, such a diversity of species
assemblages could be possible. Davis (1967) notes that the
vegetation of the same period (ca. 12,000-10,500 y. B.P.) in

New England may have resembled a park-tundra or spruce-oak
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woodland and that by 10,500 y. B.P. an open spruce woodland
had developed.

Late-glacial time in the Great Lakes region and New
England was one of continual vegetational disequilibrium
resulting from climatic change, soil development and species
migrations (Delcourt and Delcourt, 1983). The Delcourts
note that during this time the ecotone between boreal forest
and deciduous forest widened into a broad belt (latitudinal)
which extended from the western Great Lakes to New England.
Climatic change in eastern North America has been addressed
by many, most recently by Bryson (1983), Bartlein et al.
(1984) and Dean et al. (1984). Davis (1983) has presented .
rates and directions of Holocene migrations of boreal and
deciduous forest taxa onto the deglaciated landscape of
eastern North America.

By 11,000-10,000 y. B.P. the boreal forest of the Great
Lakes region started to deteriorate, presumably due to
climatic change but perhaps also as a result of differences
in migration rates between various species (Wright, 1964,
1968a). In the area north of Lake Huron and east of Lake
Superior the early boreal forest was replaced by the Great
Lakes-St. Lawrence forest (=Northern Mixed Hardwood Forest)
which has occupied that region ever since (Terasmae 1968).
Throughout the middlewest, openings in the boreal forest
created by fire and windthrow were gradually being filled by
combinations of birch, alder, pine, oak and elm, depending

onlocality (Wright, 1968b).” This transitional forest was
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soon replaced (within 1,000 years) by the developing
prairies in eastern and northern Minnesota (Wright, 1968a).
The work of Webb et al. (1983) supports this timing of the
development of prairie vegetation in this region.

Other views as to the sequence and timing of vegetation
changes coincident with the time of decline of the early
boreal forest must also be recognized. Geis and Boggess
(1968) and Gleason (1922) postulated that prairie vegetation
replaced boreal forest with no intervening deciduous
hardwood stage. Transeau (1933) considered that the boreal
forest was replaced with deciduous taxa and that prairie
expansion occurred subsequent to this. Benninghoff (1964) .
proposed that prairie vegetation existed much earlier in
late-glacial time as openings in the boreal forest and that
it functioned as a barrier to the migration of certain
temperate forest taxa.

The composition, floristic richness and duration of a
mixed hardwood forest in the Great Lakes region was probably
largely dependent on location. Wright (1968a) shows that in
Illinois, boreal forest gave way to deciduous forest,
whereas in Kansas and Nebraskaprairie succeeded boreal
forest almost immediately. Prairie did not reach Illinois

until 8,000 y B.P.

Migration routes.

Various migration routes have been suggested in

discussions of vegetation development. Davis (1983) uses



18

pollen records for boreal and deciduous forest taxa of
eastern North America to examine rates and directions of
movement. Her work points out the individualistic nature of
species movements and the fact that vegetation did not
change with one formation replacing another, but rather with
individual species becoming established and others
declining.

The western, southern and eastern migration routes into
northern Ontario (Teresmae, 1967) have already been
outlined. Terasmae also notes that the migration routes for
arctic species were likely restricted to lakeshores and
riverbank habitats. The levels, lateral extent and outlets.
of the glacial lakes changed rapidly and this could have
been quite important in the dispersal of arctic and other
water dispersed species. Terasmae (1968) notes that species
could migrate northward on the Bruce Peninsula and then to
Manitoulin Island without crossing any water barriers. When
drainage from Lake Huron to the Georgian Bay shifted to the
channel between Manitoulin Is. and the Bruce Peninsula, all
those species that had reached Manitoulin Is. could migrate
on to Cockburn Is. and Drummond Is. Similarly, migrations
of taxa of other biogeographic affinities from other
directions along the shorelines must have been possible.

Some forest taxa are suggested to have migrated in
association with the Great Lakes. Curtis (1959) and Wright
(1964) infer that pine and other taxa reached Minnesota and
Wisconsin by way of the northern end of Lake Michigan.

Benninghoff (1963) suggests that Fagus and Tsuga reached
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Michigan from the east along the north shore of Lake Erie.
Curtis (1959) notes that during the time when Lake Michigan
had dwindled to the low Lake Chippewa stage (ca. 10,000-
9,000 y B.P.) there was ample opportunity, with the reduced
water barrier, for direct westward migration of forest taxa
from lower Michigan, and, I wish to add, for direct eastward

migration of prairie taxa.

The Prairie Peninsula.

The Prairie Peninsula is a continuous wedge-shaped area
of grassland vegetation which extends eastward from the
eastern edge of the prairie in Iowa to northern Indiana and
then as isolated localities in northern and southwestern
Ohio and southern Michigan. The Prairie Peninsula was
originally described by Transeau (1935) in a paper outlining
characteristics of the formation and the surrounding
vegetation.

There has been much debate as to the timing and causes
of the origin of this extension of the prairie. Much of the
debate is no doubt due to the fact that the patterns of
vegetation changes have been different in different
geographic areas. Transeau (1935) postulated that a
climatic change resulting in a greater frequency of
prolonged droughts caused an expansion of prairie into the
deciduous forest and that fires and exposure have since
favored the persistence of the prairie vegetation.

Similarly, Wright (1968a) states that, in Minnesota, the
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Prairie Peninsula dates from mid-postglacial time and was
due to recurrent summer droughts eliminating mesic deciduous
trees, while in Kansas and Nebraska, prairie succeeded the
boreal forest immediately. Geis and Boggess (1968) and King
(1981) show that in Illinois the Prairie Peninsula was
established by 8,000 y B.P. and that it followed the late-
glacial boreal forest, prior to the invasion of deciduous
hardwood taxa.

Several students have suggested that the expansion of
the prairie, and associated climatic changes, were
asynchronous throughout the midwest and eastern United
States, both north to south and west to east. Wright
(1968a) notes that the period of drier and/or warmer
climatic conditions (Xerothermic or Hypsithermal) appears to
have occurred earlier in central Minnesota than it did in
New England. Recently a detailed chronology of these events
in the midwest was assembled by Webb et al. (1983). They
show several interesting features of the asynchronous
movement of the prairie-forest ecotone. They show that by
9,000 y B.P. prairie forb pollen types had increased and the
10% contour (of prairie pollen in relation to total counted)
had moved eastward from western Minnesota and Iowa to
southwestern Wisconsin and northern Illinois. Between
8,000-7,000 y B.P. there was an eastward increase in
prairie-forb pollen in northcentral Minnesota and southern
and western Wisconsin but a decrease in northern Illinois.

By 6,000 y B.P. there was continued retreat of prairie in
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Illinois and also in northern Minnesota, yet prairie
remained at its eastern extreme in southeastern Minnesota
and southwestern Wisconsin. From 6,000-3,000y B.P. prairie-
forb pollen in northern and western Minnesota decreased as
prairie retreated to the west. At this same time there was
an eastward advance of prairie in central Illinois,
indicated by an increase of prairie-forb pollen in lowa,
Illinois and northern Indiana. Jones and Beavers (1964a)
estimate that a period of 5133 years of prairie vlegetation
was required to accumulate the quantity of opal phytolith
material present in the soils of central Illinois. Prairie
vegetation established early in this period would have the.
time necessary to produce this volume of opal.

This renewed expansion of prairie vegetation along the
Prairie Peninsula may be an important event with regard to
species migrations. Relatively early in this period (6,000~
3,000 y B.P.) the levels of Lakes Huron and Michigan had
crested at the high Nipissing stage and then gradually
through time had dropped to their present positions. Any
prairie species that were able to disperse along lakeshores
and water courses would have found newly exposed and
uncolonized substrate available to them. The distribution
of many prairie species today along lakeshores and water
courses is an indication of this dispersal pattern. It was
also during this time period that the Maxton Plains began to
emerge from Lake Huron.

After 3,000 y B.P. the prairie border moved westward in

the south but was stable in the north (Webb et al. 1983).



This westward movement was the result of a slow but
persistent invasion of the prairies by deciduous forest taxa
(Geis and Boggess 1968). It is easier to understand the
basis of the disagreements as to the details of the prairie-
forest vegetation changes when it is clear that the events

were asynchronous from region to region.

Climatic changes.

Climatic changes are often invoked to explain changes
in vegetation. That this is not always so has been
recognized by many authors and clearly demonstrated most.
recently by Davis (1983) in her illustration of differential
rates and directions of migrations of boreal and deciduous
forest taxa. The eastward expansion of the prairie is
generally accepted to have been the result of climatic
changes. The exact nature of these changes has not been
agreed upon, with periods of warmer and/or drier conditions
being proposed. The term "Hypsithermal" for this interval
is now the most widely accepted in North American
literature, with xerothermic, altithermal, megathermal and
others rejected for various reasons (Deevey and Flint,
1957). Much of the confusion as to terminology and
interpretation comes from the fact that: 1) it is difficult
to separate the effects of temperature and precipitation 2)
many of the early ideas of climatic changes in northeastern
United States came from the European literature where a

"climatic optimum” of warm and moist conditions during the
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Atlantic was to have been followed by the Sub-Boreal with a
thermal maximum of 2-3°C. above present (Deevey and Flint,
1957; Wright, 1968a). Since it was believed by Deevey and
Flint and others that the effects of temperature were
primary, the terms for this period of climate change reflect
the supposed importance of this climatic parameter. Wright
(1968a) notes that the interpretation of a "climatic
optimum" preceding the Hypsithermal in North America cannot
be justified.

That the Hypsithermal was not a uniform event either
geographically or temporally is now becoming apparent.
Wright (1976) notes that it is wvalid to identify a'
Hypsithermal interval of continental dimensions but with
rather indefinite temporal boundaries. He suggests that it
lasted over a longer interval farther to the south and west
than it did in the northeast. Watts and Winter (1966)
present evidence that, in Minnesota, the Hypsithermal
consisted of at least four intervals of dry conditions, each
lasting several hundred years. Bryson (1983) also noted
that this was not a uniform climatic period; rather the
Hypsithermal had a distinctly different midsection and was
not constant throughout the range. Another interesting
observation by Bryson is that the period from 7,000-3,000 y
B.P. was a time of enhanced volcanic activity around the
world and that this may have been an important influence on
climate.

Recent work of Dean et al. (1984) in northwestern
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Minnesota allows an independent (non-palynological) look at
climatic changes over the past 10,400 years. They present a
éedimentological analysis of varved lake deposits from Elk
Lake, Minnesota. Their results show that the mid-Holocene
dry interval between 8,500 and 4,000 y B.P. was actually
asymmetrical and that it actually consisted of two distinct
drier pulses, separated by a more moiste interval. They
conclude that: 1) amplitudes of climatic oscillations were
greatest during the prairie period; 2) cyclic fluctuations
were abrupt and persisted throughout the Holocene, being
most clearly recorded within the two drier periods; 3)
there is evidence for both gradual and abrupt, short term.
climatic changes; and 4) climate stabilized in northwestern
Minnesota around 3,500 y B.P. They suggest that the prairie
period was drier than present, but evidence is somewhat
equivocal as to whether it was colder or warmer.

The recent work of Bartlein et al. (1984) provides a
less subjective approach to determining climatic changes as
represented in palynological data. They use multiple
regression models to establish relationships between modern
vegetation, as represented by modern pollen spectra, and
associated climatic parameters. They then apply these
relationships to fossil pollen data. From this analysis
they note several broad-scale vegetational changes that can
be interpreted in climatic terms: 1) an early Holocene
northward movement of spruce forest and later southward
movement after 3,000 y B.P. 2) an eastward movement of the

prairie-forest border into southwestern Wisconsin by 8,000y
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B.P. and later westward retreat after 6,000 y B.P. Several
climatic changes that were postulated include: by 6,000 y
B.P. precipitation was less than 80% of present (in
Wisconsin and Minnesota); after 6,000 y B.P. precipitation
generally increased throughout the region while temperature
decreased in the north and increased in the south; the time
of maximum temperature varies within the midwest, being
earlier in the north and later in the south.

Two major assumptions required for this approach should
be mentioned since a violation of them could present
significant difficulties. These are that: 1) vegetation
represented by the modern pollen data must be in equilibrium’
with modern climate 2) variation in pollen data must be
attributable to climate. Of significance to these
assumptions is the recent the work of Davis (1983) in which
she shows that some vegetation changes are not due to
climate, but rather to differential migration rates. This
means that not only will it not be possible to attribute all
variation in pollen data to climate, but that some parts of
the modern vegetation probably are not yet in equilibrium
with climate. In spite of these limits, this study provides
some indication of temperature and precipitation changes.

A final factor that should be considered here because
of its affects on vegetation and because of its 1link, at
least on a regional scale, to climate, is fire. Many
palynological studies indicate that fire has been a factor

in the history of the vegetation being examined. This is
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particularly true of the Prairie Peninsula region, though it
has also been a significant factor throughout postglacial
time in the region north of Lakes Superior and Huron
(Terasmae, 1967). The importance of fire in the Prairie
Peninsula has been mentioned by Transeau (1935), Borchert
(1950), Cushing (1965) and Webb et al. (1983). Transeau
felt that fire has favored persistence of prairie species
but that it was not a factor in the origin of the Prairie
Peninsula. In contrast, Cushing states that fire was
important in pushing back the forest and maintaining the
prairie-forest border. Webb et al. (1983) note that, in
southcentral Minnesota, the dominating local controls of the .
prairie-forest boundaries were topography, soils and
especially fire, which they assert was often set by Indians.
They also note that, though these are the proximal factors
in controlling the exact timing and local expression of
vegetation changes, climate is the ultimate cause for
vegetation changes on a regional scale. This conclusion is
quite interesting, however it is not really new since it is
essentially the same conclusion, albeit much more refined,
as wes reached by Cowles (1928) and earlier scientists.

In a study of the vegetational history of the eastern
Upper Peninsula of Michigan, Futyma (1982) notes several
interesting events that pertain to the importance of fire.
In this region the Hypsithermal is indicated by the peak

abundance of Pinus strobus and the synchronous low levels of

Picea and hardwoods from 7,000 to 5,000 y. B.P. By about

5,000 y. B.P. there was a regional increase in hardwood
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species. These deciduous taxa became the dominants in areas
of loamy soil. Dominance of Pinus was maintained on drier,
sandier soils. Futyma notes that the dominance of pines is
not so much an adaptation to drought as it is to fire and
that under the influence of the Hypsithermal climate, all
sites experienced fires at a frequency sufficient to favor
dominance of pines. Futyma (1982) suggests that temperature
decreased between 6,000 y. B.P. and 2,500 y. B.P. in eastern
Upper Michigan and that the resulting decreased moisture
stress would have favored dominance by deciduous taxa on
soils with good moisture holding capacity. He concludes
that the vegetation on fine textured soils shows a greater
response to climatic changes than does vegetation on sandy
soils.

This discussion of the late-glacial and Holocene
vegetation history and the climatic changes that are
hypothesized to have been driving forces during this time in
the Great Lakes region should provide the background
necessary for evaluating the unusual aspects of the
vegetation of the alvars of Drummond Island. It is
particularly important to note the coincidence (during the
6,000-3,000 y B.P period) of the strong eastward migration
of prairie elements, in the Illinois, northern Indiana and
southern Michigan region, with the final lowering of water

levels in Lakes Michigan and Huron after the Nipissing high.



ALVARS AND ALVAR VEGETATION.

Alvar as a geomorphological and ecological term.

Published use of the term "alvar" in describing a
geomorphological setting, and sometimes the associated
vegetation, can be traced back to the time of Linnaeus, from
a report (1745) on a trip to the island of Oland, off the
southeastern coast of Sweden in the Baltic sea (Konigsson,
1968). In the North American literature this term is poorly
known but appears to have been used here by Beschel and’
Catling et al. (1975).

Alvar has its origin as a Swedish word, being variously
defined in Swedish and Estonian dictionaries as a limestone
region covered with thin soil and stunted vegetation
(Saagpakk, 1982). The root of the word, "alv", refers to
the subsoil or subsurface. Alvar is defined in a recent
dictionary of ecological, evolutionary and systematics terms
as a "plant community dominated by mosses and herbs
occurring on shallow alkaline limestone soils" (Lincoln et
al., 1983).

Alvar is not used to describe any single plant
community or association. Rather, it is used to describe a
physical setting that is one of essentially flat limestone
with thin soil, supporting only scant, open vegetation

(Pettersson, 1965; Konigsson, 1968). Because of the unique

28
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physical setting, alvars usually have an unusual flora
associated with them. Rosen (1982) and others frequently
use "alvar" as an adjective in connection with the
vegetation found on these limestone barrens. Alvar, then,
refers to the physical setting as described above, and alvar
vegetation refers to the unique plant assemblages that are
characteristic of these areas. These plant assemblages will
be addressed in detail following a discussion of the

physical features of the North American and Swedish alvars.

Description of the physical features of the alvars of the

Maxton Plains.

As mentioned earlier, the bedrock of the Maxton Plains
of Drummond Island is composed of dolomitic limestone. The
surface of this substrate is quite flat and slopes to the
southeast with gradients of one percent or less. Deposits
of glacial till on the Maxton Plains are generally quite
thin to absent, though there are numerous glacial erratic
boulders distributed throughout. Soils on the alvar sites
are also minimal, ranging in depth from zero to 15 cm. The
lack of till may be the result of wave action and flow
patterns associated with the great fluctuations in lake
ievels that alternatly inundated and exposed Drummond Island
through much of the early Holocene.

There are several small, but topographically
significant, ledges or scarps (1-2 meters in height) which

face northward and which extend in an east-west orientation,
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roughly conforming to the north shore of the island. Since
the bedrock surface slopes gently to the southeast, these
ledges have a damming effect on water drainage.

Another feature of the bedrock that is important to the
hydrology of the Maxton Plains is a prominent jointing
pattern. These nearly vertical joints are filled with
degraded dolomite and soil and can be several centimeters
wide at the surface and likely extend to a considerable
depth. The significance of the joints can be easily
recognized since rows of trees, shrubs or grasses that are
much more luxuriant than the surrounding vegetation are
usually associated with them. These joints provide an
important source of water that can be seen by observing the
road surface in the early morning where it crosses a system
of joints. Even through extended dry periods the soil and
rock surface adjacent to a joint is usually quite damp,
whereas surface areas between the joint sets are dry.

The elevation of the alvars of the Maxton Plains is
only slightly higher than that of Lake Huron, which is 580
ft. The alvar sites range in elevation from approximatly
585 ft. to 625 ft. with the most extensive areas at 590 ft.
to 615 ft.

Fire appears to be an occasional factor in the history
of the Maxton Plains region. A Michigan Department of
Natural Resources Information Circular (1947) reports that a
large fire occurred on the Maxton Plains about 1925. 1In a
compilation of the history of Drummond and the surrounding

islands, Ashley (1978) noted a "...forest fire that swept
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the island..." on 25 June, 1820. The extent of this fire is
not known. Present evidence of past fires include pieces of
charcoal in the soils, especially near upland edges, and
burn marks on dead stumps, both along the edges and in the
open alvars. Frequency of fires, however, is not known.
Also unknown is what influence Indian cultures have had on
this area.

A physical factor that perhaps should have been
considered is frost action but evidence to demonstrate the
significance here was not pursued. Alternate freezing and
thawing can have a major influence on the rock, soil and

plants of a region.

Soils of the Maxton Plains alvars.

Methods.

Composite soil samples were collected on 19-21 July
1983 from all alvar sites where vegetation was sampled. 1In
site ¥29-2 (see Figure 18, Appendix A.) soil samples were
taken adjacent to each vegetation sampling plot so that the
variability of soil parameters within a site could be
assessed. Samples were stored in sealed plastic bags until
returned from the field. Soil depth was measured by probing
each 1/4 M2 plot at the corners and center with a calibrated
steel pin. The pin was driven into the soil until it
reached bedrock. Soil moisture was measured as percent of
fresh weight after drying 24 hours at 100° C. Organic

content is measured as percent of soil dry weight after
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combustion at 550° C. for four hours. Organic content may
be overestimated because of the high carbonate component of
the soils. Soil pH was measured using an Orion 199 A pH
meter after soaking equal weights of fresh soil and
distilled water (20 g.) for one hour. Soil texture was
determined by the Bouyoucos method of suspending a sample of
soil (50 g.) in water and measuring the amount of soil
remaining in suspension after 40 seconds (silt and clay) and

two hours (clay) with a calibrated hydrometer.

Results.

The soils of the alvar sites are quite thin, with.
average depths ranging from 4.7 cm. to 12.9 cm. The soils
are dark brown to black in color with high organic contents,
ranging from 12.8% to 27% ash-free dry weight. The average
soil texture is a silt loam. Soil samples have high sand
and silt fractions and a very minor clay fraction. Soil pH
is circum-neutral with values ranging from 6.5 to 7.1.
Table 1 presents measured soil parameters for all sites.
Table 2 presents the range of variation for moisture,

organics and pH measured in site #29-2.

Summary of the climatic data for Drummond Island.

The climate of the Maxton Plains region was
characterized from weather records (Michigan Dept. of
Agriculture Weather Service, East Lansing, Michigan) from De

Tour Village, at the eastern tip of the Upper Peninsula. It
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Table 1. Summary of soil data for the eleven sites where
vegetation has been sampled.

Summary of Soil Data for the Maxton Plains Alvars

Percent Percent Mean Soil Texture
Site Moisture Organics pH Depth Sand Silt Clay
28/29-1 13.67 27.04 7.0 8.77 38 58 4
28/33-1 8.38 23.74 7.0 9.25 44 51 5
29-2 8.23 18.11 7.0 9.73 54 41 5
33-2 11.49 23.75 7.1 7.55 34 60 6
33-4 9.54 32.75 6.8 7.57 32 63 5
34-1 7.07 17.95 6.8 4.67 24 72 4
34-2 10.29 18.75 7.0 12.90 44 49 7
34-3 7.59 17.96 6.5 10.35 36 56 8
34-5 6.26 16.35 6.9 6.75 20 77 3
36-6 8.94 12.76 7.0 9.24 40 48 12
36/31-1 7.69 15.96 6.9 9.99 36 61 3
collection date: sites:
18 July 1983 29-2, 28/28-1
19 July 1983 33-2, 33-4, 28/33-1
20 July 1983 34-2, 34-3, 36/31-1

21 July 1983 34-1, 34-5



34

Table2. Soil data from site #29-2 showing variability of
measured soil parameters.

Variability of Soil Parameters Within a Site.

Sample Percent Percent
Number Moisture Organics

%

Tl-#1 5.90 13.98 7.1
T1-#2 6.94 14.53 7.0
T1-#3 7.22 18.07 7.1
T1-#4 8.53 19.37 6.9
T1-#5 8.49 19.69 7.1
T2-#1 7.79 19.79 7.0
T2-%2 7.37 18.52 7.1
T2-#3 9.46 20.62 7.2
T2-%#4 12.04 21.08 7.0
T2-#5 5.29 12.48 7.1
T3-%#1 5.40 14.11 7.1
T3-#2 6.45 18.26 7.1
T3-#3 10.26 21.56 7.1
T3-%#4 9.69 17.21 7.1
T3-#5 10.94 24.02 7.1
T4-#1 9.02 18.68 7.0
T4-%2 7.57 14.48 7.1
T4-%3 10.94 19.32 6.6
T4-#4 6.65 14.00 7.1
T4-#5 8.30 15.01 7.1
T5-#1 8.09 16.69 7.0
T5-#2 7.89 15.52 7.1
T5-#3 7.50 16.50 7.2
T5-#4 5.11 13.35 7.1
T5-#5 11.40 27.53 7.0
T6-#1 6.88 16.75 7.1
T6-#2 10.16 23.71 7.1
T6-#3 9.93 22.74 6.0
T6-#4 8.08 17.99 6.3
T6-#5 7.63 17.92 7.1
Mean 8.23 18.11 7.0

Soil samples were collected on 18 July 1983.
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should be noted that the De Tour weather station is located
immediately adjacent to the water. Therefore temperatures
recorded may be more moderated than those on the Maxton
Plains. Precipitation should not be so affected. Table 3
presents mean annual temperatures (min., max. and mean) and
precipitation for 1964 through 1983, as well as a 20 year
average for these values. The coldest month is February
with a mean temperature of -9.24°C. The warmest month is
July with a mean temperature of 19.09°cC. The value
T.max./Ppt. is a relative measure of moisture availability.
A larger value indicates higher than average temperatures
and/or 1lower than normal precipitation. This value,.
however, utilizes annual precipitation which will obscure
summer drought conditions if winter precipitation is high.
Further, heavy winter snows are of little importance in
recharging the soils, considering their shallow depth and
the bedrock substrate.

Table 4 summarizes climatic data for the critical
period, June through September. 1In this table, Tmax./Ppt.
is calculated using temperature and precipitation values for
the critical period. Using these values the dry summers of
1966, 1976 and 1983 are obvious.

The summer of 1983 was very warm, the warmest on record
for the 21 year period, with an annual mean maximum
temperature of 11.6°C., 1.1°C. above the average. The mean
temperature for July 1983 was 22.6°C., 3.5°C. above the
average of 19.09°c. Precipitation in 1983 was below normal

with 731.3 mm. recorded at De Tour. Precipitation during
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Table 3. Summary of the climatic data for De Tour village
from 1964 to 1983.

SUMMARY OF CLIMATIC DATA FOR DE TOUR VILLAGE

1964-1983
MEAN ANNUAL MEAN ANNUAL
TEMPERATURE PRECIPITATION

YEARS Tmax.C. Tmin.C. TmeanC. Ppt.mm. Tmax./Ppt.
1964 11.4 -.27 5.565 786.9 .0145
1965 10.2 -.47 4.865 831.3 .0123
1966 10.6 .42 5.510 630.4 .0168
1967 10.0 =-.77 4.615 757.9 .0132
1968 10.0 -.03 4.985 865.1 .0116
1969 10.7 .35 5.525 731.0 .0146
1970 10.6 -.13 5.235 909.8 .0116
1971 10.7 .20 5.450 831.8 .0129
1972 9.4 -.86 4.270 762.0 .0123
1973 11.2 1.95 6.575 750.1 .0149
1974 10.0 .26 5.130 745.5 .0134
1975 11.4 1.20 6.300 691.1 .0165
1976 10.5 -.23 5.135 590.3 ‘ .0178
1977 10.5 .83 5.665 851.9 .0123
1978 10.0 .26 5.130 725.2 .0138
1979 9.4 .23 4.815 935.5 .0100
1980 10.1 .22 5.160 564.4 .0179
1981 11.1 .94 6.020 581.2 .0191
1982 10.3 -.10 5.100 797.8 .0129
1983 11.6 1.70 6.650 731.3 .0159
20 YR.

AVE. 10.485 .285 5.385 753.53 .0142

MEAN MONTHLY TEMPERATURE (C.) FOR:

FEBRUARY (coldest month) -9.24

JULY (warmest month) 19.09
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Table 4. Summary of the climatic data for the critical
period of June through September.

SUMMARY OF CLIMATIC DATA FOR THE CRITICAL PERIOD
JUNE-SEPTEMBER

MEAN MAX. MEAN

YEAR TEMPERATURE (C.) PRECIPITATION (mm.) Tmax./Ppt.
1964 22.15 292.8 .0756
1965 21.00 402.2 .0522
1966 23.22 157.0 1479
1967 22.22 267.2 .0832
1968 22.32 385.5 .0579
1969 22.50 320.0 .0703
1970 23.28 493.2 .0472
1971 22.35 277.6 .0805
1972 21.35 344.9 .0619
1973 22.48 325.9 .0690
1974 21.65 308.5 .0702
1975 22.68 286.9 .0790
1976 23.35 225.3 .1036
1977 21.00 383.1 .0548
1978 21.15 389.9 .0542
1979 21.30 350.2 .0608
1980 22.05 232.0 .0950
1981 22.82 234.6 .0973
1982 21.10 307.2 .0687
1983 25.40 220.6 .1151
20 YR.

AVE. 22.26 310.2 .0718
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the critical growing period was the second lowest on record
for the 20 year period with 220.6 mm. measured, 89.6 mm.
below normal. Signs of drought conditions were well

developed in August, with dead Picea glauca trees and

severely damaged Populus tremuloides and Juniperus communis

individuals. The only grasses and other herbaceous plants
that werenot severely damaged by the dry conditions were
associated with joints in the bedrock. With weather
conditions as such, the 1983 season was not an ideal one for
characterization of the vegetation. The late season species
were the most severely affected by the drought and thus, the

least accurately represented in the analysis.

Comparison of the Maxton Plains alvar setting with alvars of

other regions.

The physical features described above for the alvar
sites of the Maxton Plains are very similar to features of
the alvars of Ontario, Canada, as well as to those of Oland
and Gotland, Sweden. Catling et al.(1975) described the
vegetation associated with several alvar sites in southern
Ontario. These sites include Manitoulin Island and the
Bruce Peninsula which, togeather with Drummond Island, are
located along the Niagara escarpment. Other sites in
Victoria, Peterborough, Hastings, Lennox and Addington
Counties (Ontario) are situated on limestone, along the
contact lines between Ordovician and Precambrian strata. It

is not surprising that the sites Catling et al. (1975)
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described from Manitoulin Island and the Bruce Peninsula are
very similar to those on the Maxton Plains since they all
have a similar dolomitic limestone substrate and are located
in relative close proximity, thus likely sharing a similar
postglacial history. The sites along the contact lines are
similar to those on the Maxton Plains in that they are also
situated on limestone plains and have been greatly
influenced by deglaciation events and 1lake 1level
fluctuations (Harrison, 1971; Chapman and Putnam, 1966).

The Great Alvar of 8land, Sweden is quite similar to
the alvars of Drummond Island in several respects.
Pettersson (1965) notes that the islands of Oland and.
Gotland are composed of calcareous Cambro-Silurian strata.
The limestone bedrock outcrops in many places on Oland, with
the most extensive areas being on the southern part of the
island where the Great Alvar (or Stora Alvaret) is located.
The bedrock dips to the east-southeast with a shallow
gradient. A scarp system runs roughly north-south and faces
westward. The scarps serve to dam surface drainage and form
shallow lakes and fens.

Glacial till deposits are very thin and soils are
poorly developed over much of the Great Alvar. Areas of
exposed bedrock are not frequent on the Great Alvar but
there are 1local exposures. It is assumed that till cover
on southern Oland was originally very thin and that it was
later worked by wave action, which removed all but the

coarse material which was deposited in beach ridges (Rosen,
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1982). These beach ridges demonstrate the influence of the
Baltic Sea on landscape development.

There is also a prominent joint system developed in the
bedrock of §land. The bedrock is limestone and therefore
much more soluable than dolomite. The joint system is much
more developed on Oland than it is on the Maxton Plains and,
in fact, displays characteristics of karst topography. The
joints on Oland are important in the hydrology of the region
in that water drainage follows these systems underground
(Konigsson, 1968). When filled with soil, these joints can
also provide an important source of water during dry periods
(Rosen, 1982). In a pattern similar to that on the Maxton
Plains, narrow strips of trees, shrubs and harbaceous plants.
can be seen growing along these structures (Pettersson,
1965; Konigsson, 1968).

The climate of Oland can be compared to that of the De
Tour Village area. From Table 5 it can be seen that the
mean annual temperature at De Tour is only 1 - 1.5°c. lower
than that measured at Ekerum, near the Great Alvar. The
moderating effect of the Baltic Sea can be clearly seen by
comparing the mean temperatures for the coldest month
(February) and the warmest month (July) for the two
localities. Pettersson (1965) notes that Oland lies in the
rain shadow of the southern Swedish uplands and thus is
sheltered from the moisture-bearing Atlantic fronts. Most
of the moisture that is received by 81and and the east coast
of Sweden comes from the south and the east. Because of the

low elevation of Oland (57 m.a.s.l. maximum) much of the
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Table 5. Comparison of climatic data for De Tour Village and
Oland, Sweden.

COMPARISON OF CLIMATIC DATA FOR
DE TOUR VILLAGE AND OLAND, SWEDEN

MEAN TEMPERATURE (C.) MEAN PRECIPITATION (mm.)

ANNUAL FEB. JULY ANNUAL APR.-SEPT
De Tour
(1964-1983) 5.4 -9.2 19.1 753.5 441.27
O0land-Ekerum
(1921-1950) 7.0 -1.8 17.1 463 * 249 *=*
(1969-1971) 6.5 -2.8 17.0

* precipitation measured at Skogsby (1965-1979)
** precipitation measured at Skogsby (1968-1980)

Climatic data for Oland from Rosen (1982).
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moisture-bearing air passes over. This can be seen by
noting that the annual precipitation value reported from
Oland's Skogsby Ecological Station is only 61% (463 mm.) of
that reported from De Tour (753.5 mm.). Another significant
difference between the two localities is that Oland, being
at approximatly 57° N. latitude will receive longer daylight
hours during the summer months than will the Maxton Plains
at 46° 05' N.

These climatic variables show that, though mean annual
temperatures are comparable, there are major differences in
temperature extremes and precipitation. Pettersson (1965)
notes that the precipitation and temperature conditions on.
Oland are irregular and that they can cause great annual
differences in the occurrence of many species. Similarly,
the weather conditions on the Maxton Plains are also
variable and a comparable affect<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>