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INTRODUCTION

The term "bog" refers to a soil-vegetation complex made up of specialized
herbs, and trees growing on a wet, acid peat soil.

Gates (1942, p. 217) defines a bog as

... an area of vegetation, developing in undrained or poorly drained situations, which
by the development of a mat invading open water, forms a cover over a body of
water. It consists of a series of successional stages or associations beginning with
mat-forming sedges and passing through shrub (mostly ericad) and Sphagnum stages

to an expected culmination in the development of a characteristic coniferous tree
association.

Rigg ( 19 16, p. 3 10) says that a Sphagnum bog is

. . . that stage in the physiographic succession of an area during which its surface is
entirely devoid of ordinary "hard" soil, and is composed completely of living
sphagnum moss under which is fibrous brown peat composed mainly or entirely of
partially decayed sphagnum.

A bog generally has a high water table, but usually there is little standing
water other than the associated bog lake. The upper peat and bog waters are

typically strongly acid.

Bogs occur in depressions and lowlands. Many form in kettle holes in

glacial moraines and in low spots in uplands. Bog conditions may develop in

quiet bays of large lakes or stream channels. They are characteristic of cold
regions with long winters and high rainfall. The shallow, little differentiated

podzols of these regions often support a coniferous forest. Dansereau (1957, p.
87) cites these regions as ". . . the zone of bogs, par excellence, with their typical
moss, sedge, and ericad flora: the tendency to peat accumulation is in evidence

everywhere that drainage is impeded." The term "bog" is often loosely applied
to any peat-covered land of cold, northern regions. However, bogs become scat
tered and less numerous as the major vegetational units of North America pass
from the northern conifer forest, toward the glacial boundary, through the

hemlock— white pine— northern hardwood tension zone, to the eastern deciduous
forest.

Transeau (1905) noted that peat deposits of considerable extent occur
occasionally south of the limit of Wisconsin glaciation. Many of these are be
lieved to be associated with earlier glacial advances of the Pleistocene.
Bog formations associated with former localized glaciation are also known

in the mountains of the eastern and western United States.
Other situations in which there is considerable peat accumulation are asso

ciated with coastal plain phenomena of eustatic movement, irregular depositions
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of alluvial materials in deltas, and reef building causing extension of the land. In
North America the greatest development of the southern bog condition is in
eastern Virginia and North Carolina, Florida, and the Mississippi floodplain. The
vegetation in these habitats is noted for its density and luxuriance and this
combined with stagnant water allows peat formation in spite of high tempera
tures (Transeau, 1905).
Although these southern peat deposits are sometimes referred to as

"bogs," they have a very different appearance from those to the north. In
comparing the vascular plants of two sphagnous wetlands in New Jersey, Mont
gomery and Fairbrothers (1963) noted that the northern bog, located within the
glacial boundary, had a floating mat encroaching upon open water and the peat
was deep. The southern bog, on the other hand, located on the unglaciated
coastal plain at the southern tip of New Jersey, had no floating mat and the peat
deposit was shallow. The northern bog reflected a dominance of woody species
in contrast to a chiefly herbaceous flora in the southern bog. The northern bog
had a constant water level and continuous Sphagnum distribution, whereas the
southern bog was characterized by fluctuating seasonal water levels and a scat
tered Sphagnum distribution.

Despite their differences, northern and southern bogs have a strong physio
logical similarity. Factors such as acidity, peaty soils, high water table, and the
presence of a number of species with otherwise northern distributions suggest
the possibility of southern bogs having served as refugia during Pleistocene times.

DESCRIPTION OF PENNFIELD BOG

The bog which is the subject of this study is located in Calhoun County,
Michigan, 1% miles north of Pennfield and 7 miles northeast of Battle Creek.
Pennfield Bog, as it will be referred to here, is associated with two adjacent
lakes, Goose Lake and Little Goose Lake, each of which is 4 acres in area.
During years of high water table the lakes are connected by a narrow channel of
water filled with Nuphar luteum and Nymphaea tuberosa. They appear as two
distinct lakes during years of low water table (as indicated by an aerial photo
graph made in 1961). The bog possesses all the features necessary to fulfill the
bog definitions given by Rigg (1916) and Gates (1942).
Little Goose Lake, now owned and set aside as a plant preserve by the

Eastern Michigan Nature Association, has had the greatest amount of bog devel
opment, being completely surrounded by a floating mat. This mat is most exten
sive to the northwest, the direction of prevailing winds.
Goose Lake has a floating mat on the northwest side, but although the

lake shore is completely organic, there is virtually no floating mat on the south
east side of the lake. The only outlet of the bog is at the east corner of Goose
Lake. It probably is functional only during periods of high water table. The
shallow outlet runs a short distance into Deep Lake, a 7-acre lake also with a
completely organic shore (Humphrys & Green, 1962).
Pennfield Bog, in one of the numerous depressions of the Kalamazoo end

moraine of Wisconsin age, is at an elevation of 860 feet above sea level. The
glacial till of the morainal system is generally sandy and is underlain by a
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bedrock of sandstone (Leverett and Taylor, 1915). The glacial ice flow in the

locality was that of the Saginaw ice lobe progressing from a northeast to a
southwesterly direction (Flint, et al., 1959).

The morainal ridges surrounding the study area support various vegetation

types. The northernmost ridge supports an oak woods and a small reforestation

of red pine; the northwest side is pasture; the southwestern and southern border
is an old orchard returning to an oak woods; the northeast ridge is a black
oak-red maple woods.

CLIMATE

The climate of the region of Pennfield Bog is modified considerably by
Lake Michigan, about 65 miles to the west. When there is little or no wind the
climate is continental, but when there are strong winds from the Lake the

weather becomes semimarine. Winter winds are warmed in transit across Lake

Michigan and summer winds are cooled, thus creating a more moderate climate

than that on the western side of the Lake. Spring temperatures tend to be
depressed while fall temperatures are elevated (Eichmeier, n.d.).
Weather data for the Battle Creek area show the highest temperature re

corded was 104°F in July 1936 and the lowest was -24° in February 1899. Days
with 90° temperatures occur on an average of 20 per summer and the mean
temperature of January, the coldest month, is 1 1.4°. The Climatological Survey
(Eichmeier, n.d.) for the period 1926-1955 at the nearest weather station at

Battle Creek shows the mean daily maximum temperature to be 58.6° for the

year, while the mean daily minimum temperature is 38.8°. The warmest month

is July with a mean temperature of 85.1°. The average dates of the last freezing
temperature of spring and the first freezing temperature of fall are May 8 and
October 9, respectively. In the fall of 1967 signs of frost were in evidence at
Pennfield Bog about 20 days earlier than the average date recorded at the nearest
station.

Precipitation averages 46% greater for the months May-October than for
the rest of the year. May and June are the peak months with heaviest amounts of
rainfall due to thundershower activity. Average precipitation ranges from a high
of 4.04 inches in May to 1 .73 inches in February with the annual mean at 33.43
inches.

Snowfall averages 39.8 inches during Battle Creek winters. The first snow
fall usually occurs in November and the last in April, with an average of 57 days
with snow on the ground.
Sunshine is only 30% of the possible total during January, while in the

June-August period sunshine reaches about 70% of the possible amount.
Relative humidity averages of the summer season range from 78% in early

morning to 50% in early afternoon while winter averages are 85%-75%.

WATER AND SOIL

The open lake waters of Pennfield Bog are neutral in pH (6.9) and are rich
in planktonic organisms. The water is stagnant and abounds with colloids. The
shore is 100% organic and the substrate of the entire bog is made up of peat. The
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waters of the bog mat are acid (see Table 1).
Transeau (1906) considered putrefaction to be the chief process of reduc

tion by which disintegration is carried on by anaerobic organisms and is favored
by low temperatures, presence of acids, and low oxygen availability due to high
water table. Products of putrefaction are of little use as nutrient materials for
higher plants and nitrogen remains unavailable to plants.

METHODS

Field studies were made at Pennfield Bog from mid-April to mid-October,
1967. The bog was visited once each week during spring and fall and two
collection and study trips a week were made during the summer months. Vouch
er specimens for all species reported from the bog are deposited in the Michigan
State University Herbarium. Collections were also made of representative species
in the major vegetation types surrounding the bog.

Quantitative data were collected during August to support recognition of
the several vegetational societies. Two transects were run in the bog. The long
axis ran at 16° west of magnetic north and was 660 meters in length. The
shorter, perpendicular axis was 480.5 meters long. Because of the structural
nature of the habitat two kinds of sampling procedures were employed. The
herb and subshrub societies were sampled by quadrats one-half meter square. In

TABLE I. Average pH values in Pennfield Bog.

Zone pH value

Open water 6.9

Nuphar-Eleocharis
Surface water 7.15

Submerged mat 6.25

Decodon
Surface water 6.93
Submerged mat 6.5

Carex- Vaccinium macrocarpon 6.03
Depressions 6.8
Sphagnum hummocks 4.7

Cassandra 4.76

Larix
Vaccinium corymbosum understory 4.5

Deep Sphagnum mat 4.18
Larix-Salix subzone 6.07

Acer rubrum 4.81

Openings at outer edge 6.42



1969 15THE MICHIGAN BOTANIST

the tree communities quadrats of the same size were used to examine the ground
cover, while point intercepts were used to survey canopy and understory shrub

and tree species (nearest species to quadrat recorded). One hundred quadrats
were distributed (as determined by a table of random numbers) along each
transect. Point intercepts recorded in the Larix and Acer rubrum zones were at

the same locations as the quadrats.
In each quadrat the species and their approximate percent cover were

recorded. Species with little significant cover were recorded as having 1% cover.

Frequency, cover, and importance values were then tabulated for each vegetation-

al zone. Determination of importance values follows the method of Beaman and
Andresen (1966) which is a summation of percent total frequency and percent
total cover data, thus giving a summation constant of 200.
A Beckman Pocket pH meter (model 180) was used to obtain pH values of

surface soil and water in the major plant communities. The total of S3 readings
was taken on August 31 .

VEGETATION

The bog consists of seven major plant zones: a Nuphar-Eleocharis zone, a
Decodon zone, a Carex-Vaccinium macrocarpon zone, a Cassandra zone, a

Cassandra-Thelypteris zone, a Larix zone, and an outermost Acer rubrum zone.
The bog community, undergoing the natural processes of succession, is slowly
encroaching upon the open water of Goose and Little Goose Lakes. The general
aspect of the bog can be seen in Figs. 2 and 3. Vegetational zones are shown in
Fig. 1.
A number of species occur in nearby open water just off the bog mat and

are floating or submerged aquatics. The most conspicuous species include

Ceratophyllum demersum, Myriophyllum verticillatum, Nymphaea tuberosa,
Brasenia schreberi, Utricularia vulgaris, U. purpurea, Potamogeton illinoensis, P.
natans, and P. gramineus.

THE NUPHAR-ELEOCHARIS ZONE (TABLE 2)

The rhizomes and fibrous roots of Eleocharis smallii and the stout
rhizomes of Nuphar luteum provide the major network for the submerged mat
of this zone which is the forerunner of the quaking bog mat.
The dominant species, Eleocharis smallii and Nuphar luteum, are peren

nial, rhizomatous aquatics. Other important species which contribute to the
structure of the substrate include Pontederia cordata, Nymphaea tuberosa,
Potentilla palustris, and Carex lasiocarpa. A number of floating and submerged
aquatic species are also present, but have little importance in terms of construc
tion of the bog mat.

THE DECODON ZONE (TABLE 3)

Another pioneer zone is the Decodon mat which has developed on the
west shores of Little Goose Lake and Goose Lake. Like the Nuphar-Eleocharis
zone, the Decodon zone is characterized by a submerged mat. The surface water
of the zone is nearly neutral while the submerged mat is slightly acid. The mat is
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Fig. I. Vegetation map of Penn field Bog showing vegetation zones and subzones and tran
sect locations. Adapted from an aerial photograph (BDF-5AA-102 by USDA Agricultural
Stabilization and Conservation Service) enlarged with a Salt/man's projector.
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Fig. 3. Decodon mat encroaching upon Little Goose Lake (view looking northwest). July
22, 1967.
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TABLE 2. Frequency, cover, and importance values of 21 species encountered in 19 quad
rats in the Nuphar-Eleocharis zone.

Species Frequency
% % Importance

ValueCover

Nuphar luteum 73.68 40.05 47.26
Eleocharis smallii 89.47 28.58 40.73
Potamogeton gramineus 63.15 11.79 21.79
Nymphaea tuberosa 42.10 16.32 21.55
Pontederia cordata 47.36 3.84 12.18
Utricularia vulgaris 36.84 6.31 12.24
Brasenia schreberi 21.05 2.16 5.79
Potentilla palustris 21.05 2.16 5.79
Potamogeton illinoensis 21.05 1.05 5.26
Carex lasiocarpa 10.52 2.37 3.95
Sparganium minimum 15.78 0.79 3.64
Sparganium chlorocarpum 15.78 0.68 3.55
Lemna minor 15.78 0.16 3.12
Decodon verticillatus 5.26 2.37 2.95
Dulichium arundinaceum 10.52 0.26 2.20
Sagittaria latifolia 10.52 0.16 2.12
Cassandra calyculata 5.26 0.53 1.43
Triadenum virginicum 5.26 0.21 1.16
Lemna trisulca 5.26 0.05 1.03
Sium suave 5.26 0.05 1.03
Utricularia purpurea 5.26 0.05 1.03

a quaking structure and will occasionally break under the weight of a person.
Decodon verticillatus is the dominant species, comprising 23.58% of the total
cover. Other important species include Cassandra calyculata, Typha latifolia,
Nuphar luteum, Eleocharis smallii, and Thelypteris palustris, all of which are
rhizomatous herbs except the shrubby C. calyculata.
The majority of plants are emergent aquatics. They give a hummock-like

aspect to the mat where the dense growth-especially that of Decodon verticil
latus, with its thickened, spongy stem base— collects some litter and provides a
microhabitat for bryophytes and such angiosperms as Drosera rotundifolia.
Campanula aparinoides, Lycopus uniflorus, and Viola nephrophylla.
Growth of the mat is enhanced by the ability of Decodon verticillatus to

root freely at the tips when the arching branches touch the water.

THE CAREX- VACCINIUM MACROCARPON ZONE (TABLE 4)

The establishment of the floating mat requires a dense community of
sedges around the lake margin. The rhizomes of the sedges grow out into the
water behind the Nuphar-Eleocharis zone, forming an interlacing of roots and
rhizomes, buoyed up by the water. As the mat encroaches upon the open water
it loses contact with the bottom.

The sedge mat is dominated by three clonal species: Carex lasiocarpa.
Vaccinium macrocarpon, and Thelypteris palustris. The table indicates that
Vaccinium macrocarpon is the most important species of the zone, but if an
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TABLE 3. Frequency, cover, and importance values of 25 species encountered in 9 quadrats
in the Decodon zone.

Species %% % Importance
ValueFrequency Cover

Decodon verticillatus 88.88 25.00 37.37
Cassandra calyculata 33.33 12.22 16.69
Brasenia schreberi 22.22 13.89 16.54
Typha latifolia 33.33 11.67 16.17
Nuphar luteum 22.22 11.11 13.92
Eleocharis smallii 44.44 6.11 12.65
Thelypteris palustris 44.44 5.67 12.23
Lycopus uniflorus 55.55 0.56 9.14
Osmunda regalis 11.11 6.67 8.01
Utricularia vulgaris 33.33 1.56 6.64
Spiraea tomentosa 22.22 3.11 6.37
Potentilla palustris 22.22 2.56 5.85
Sium suave 33.33 0.33 5.48
Triadenum virginicum 22.22 2.00 5.32
Sagittaria latifolia 22.22 1.56 4.91
Carex comosa 22.22 0.22 3.64
Sparganium minimum 22.22 0.22 3.64
Salix petiolaris 11.11 0.56 2.24
Dulichium arundinaceum 11.11 0.22 1.92
Pontederia cordata 11.11 0.22 1.92
Campanula aparinoides 11.11 0.11 1.82
Drosera rotundifolia 11.11 0.11 1.82
Epilobium strictum 11.11 0.11 1.82
Vaccinium macrocarpon 11.11 0.11 1.82
Viola nephrophylla 11.11 0.11 1.82

importance value could be determined from a summation of relative frequency,
cover, and extensiveness of root system, Carex lasiocarpa would certainly be
primary in importance, with Vaccinium macrocarpon the secondary species. The

importance value of Cassandra calyculata is valid where the zone is relatively
narrow, but at the north end of the bog where the development of the sedge mat
is extensive, the species occurs almost exclusively where the sedge mat borders

on the Cassandra zone.
The mat surface consists of small rises and pocket-like depressions. In early

spring the mat is covered with water to a depth of approximately 30 cm. By
mid-summer the water subsides, leaving only shallow pools in the depressions.
Sphagnum, when it is present, occurs on the rises and the pH is an average 4.7 in

these places. The pH is nearly neutral in the depressions, averaging 6.8, and the
entire zone has an average pH of 6.03. During late summer the aerobic decay
process is enhanced by higher temperatures, near-neutral pH, and lowered water
table. Some decay is apparent in the wet depressions. Only two species, Utri
cularia intermedia and Drosera intermedia, were observed to inhabit these de

pressions, to which, in fact, they were restricted.
The greatest diversity of species apparently occurs in this zone, but most

have very low importance values.
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TABLE 4. Frequency, cover, and importance values of 32 species encountered in 18 quadrats
and point intercepts in the Gwex-Vaccinium macrocarpon zone.

Species
Frequency
% %

Cover
Importance
Value

Quadrats
Vaccinium macrocarpon 88.88 47.22 43.64
Carex lasiocarpa 94.44 32.83 34.44
Thelypteris palustris 55.55 13.17 16.04
Cassandra calyculata 55.55 10.22 14.01
Triadenum virginicum 55.55 4.28 9.93
Potentilla palustris 38.88 3.94 8.83
Andromeda glaucophylla 22.22 4.44 5.84
Nupnar luteum 16.66 5.00 5.52
Sium suave 38.88 0.61 5.30
Typha latifolia 22.22 3.61 5.18
Lycopus uniflorus 33.33 1.22 5.02
Salix pedicellaris 27.77 1.39 4.44
Sagittaria latifolia 27.77 0.78 4.02
Sarracenia purpurea 22.22 1.11 3.55
Sphagnum spp. 11.11 2.83 3.33
Eleocharis smallii 11.11 2.50 3.10
Potamogeton gramineus 16.66 1.06 2.81
Onoclea sensibilis 16.66 0.39 2.35
Utricularia intermedia 16.66 0.39 2.35
Hypericum boreale 11.11 1.39 2.34
Carex comosa 11.11 1.22 2.22
Campanula aparinoides 16.66 0.17 2.20
Boehmeria cylindrica 11.11 1.11 2.15
Toxicodendron vernix 5.55 1.67 1.83
Spiraea tomentosa 11.11 0.72 1.81
Bidens coronata 11.11 0.55 1.76
Scutellaria galericulata 11.11 0.28 1.58
Drosera rotundifolia 11.11 0.11 1.46
Carex aquatilis 5.55 0.56 1.07
Drosera intermedia 5.55 0.28 0.88
Dulichium arundinaceum 5.55 0.06 0.73

Point intercepts
Larix laricina 11.11

TABLE 5. Frequency, cover, and importance values of 6 species encountered in 4 quadrats
in the Cassandra zone on the east side of Little Goose Lake.

Species
Frequency
% %

Cover
Importance
Value

Sphagnum spp. 100.00 87.50 77.31
Cassandra calyculata 100.00 71.25 67.60
Vaccinium macrocarpon 75.00 5.25 21.88
Drosera rotundifolia 75.00 0.75 19.19
Typha latifolia 25.00 1.25 6.99
Sarracenia purpurea 25.00 1.25 6.99
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THE CASSANDRA ZONE (TABLE 5)

The Cassandra zone succeeding the Carex- Vaccinium macrocarpon zone is

characterized by a dense growth of this low shrub, with Sphagnum forming a
cushion about the stems and branches. The substrate of the zone is very acid,

having an average pH value of 4.7.
The portion of the zone on the east side of Little Goose Lake is represent

ative of what might be considered a "typical" Cassandra zone. The zone is
dominated by C. calyculata with a deep cushion of Sphagnum which grows up
around the base of the shrubs. The number of species present is small.

THE CASSANDRATHELYPTERIS ZONE (TABLE 6)

In the northern part of the bog the Cassandra-dominated zone takes on a
quite different appearance. Although C. calyculata is the most important species

in this very wet zone, Thelypteris palustris and Typha latifoUa nearly equal it in

importance; thus the zone is referred to as the Cassandra-Thelypteris zone. The

zone has become a tension zone, being bordered on the south by the Nuphar-

Eleocharis zone, on the west and north by the Larix zone, on the northeast by
the Larix-Salix subzone, and on the east by the Carex-Vaccinium macrocarpon
zone. Because of the very wet nature of the zone, Sphagnum has a much lower
importance value in this portion of it, making up only 12.83% of the total cover.
This part of the bog is very diverse in number of species, and there are two

distinct areas of subdivision. The column heading "Subzone A" in Table 6 refers
to the area to the immediate north of Little Goose Lake (see Fig. 1). Cassandra
calyculata, Thelypteris palustris, and Typha latifolia are still the dominant

species, but Sphagnum is more prevalent in this area and makes up 24.08% of
the total cover, second only to C. calyculata.
The area farther north along the transect is very wet and scattered clumps

of Larix are numerous. The data for this area in Table 6 are headed "Subzone
B." In this transitional area the dominant species are again Cassandra calyculata,
Thelypteris palustris, and Typha latifolia. Sphagnum, however, is much less im

portant, making up only 4.56% of the total cover. The clumps of Larix provide a
niche for some species that would not otherwise be present in the zone, such as
Menyanthes trifoliata, Calla palustris, Cypripedium acaule, Maianthemum

canadense, Carex aquatilis, and Rosa palustris.
Data for both areas are totaled in a third column in Table 6. Although the

frequency of Larix is nearly the same in both areas, the trees in subzone A are
often single in occurrence while the trees mostly occur in clumps in subzone B.

Fifty percent of the species in the zone are not duplicated in the two areas, and
those of subzone B have affinities with the Larix zone and the Larix-Salix
subzone.

THE LARIX ZONE (TABLES 7 & 8)

Larix forms a very extensive zone encircling the bog and dominates the stage
of succession replacing the Cassandra zone. The zone can be divided into three

subzones: the open Larix subzone, the Larix-Salix subzone, and the closed Larix
bog forest.
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TABLE 7. Frequency, cover, and importance values of 24 species encountered in 17 quad
rats and point intercepts on the deep Sphagnum mat associated with the open Larix subzone
of the west side.

Species % % Importance
ValueFrequency Cover

Quadrats
Sphagnum magellanicum 88.23 80.59 69.12
Thelypteris palustris 47.05 17.18 20.45

Vaccinium macrocarpon 58.82 8.65 17.40
Cassandra calyculata 47.05 9.52 14.11

Andromeda gtaucophylla 29.41 8.53 11.37

Menyanthes trifoliata 23.52 4.76 9.25

Carex lasiocarpa 29.41 4.88 9.05

Osmunda regalis 11.76 6.76 6.68
Typha tat:folia 17.64 3.57 6.37
Eriophorum virginicum 17.64 3.06 5.51

Carex interior 11.76 4.41 5.18
Pogonia ophioglossoides 17.64 0.29 3.75

Potentilla palustris 11.76 0.94 2.97

Vaccinium corymbosum 11.76 0.94 2.97

Acerrubrum 11.76 0.53 2.71

Campanula aparinoides 11.76 0.12 2.45

Sagittaria latifolia 5.88 0.47 1.48

Sarracenia purpurea 5.88 0.47 1.48

Salix petiolaris 5.88 0.24 1.34

Potamogeton gramineus 5.88 0.12 1.26

Triadenum virginicum 5.88 0.12 1.26

Lycopus uniftorus 5.88 0.06 1.22

Scutellaria galericulata 5.88 0.06 1.22

Trientalis borealis 5.88 0.06 1.22

Point intercepts
Larix laricina 23.52
Toxicodendron vemix 17.64

The younger stages of the zone are characterized by an open bog forest.
This has a general appearance somewhat suggestive of savanna, with the fre
quency of Larix laricina being 23.52% and Toxicodendron vemix occurring with
a frequency of 17.64%. There is a deep, luxuriant mat of Sphagnum magellani
cum carpeting the zone.
In Table 7, data are tabulated for the open portion of the Larix zone. The

mat is acid, having an average pH value of 4.18. The most acid reading, pH 3.7,
was taken on this Sphagnum mat.

The Larix-Salix subzone occurs in the northern part of the bog. Since
neither transect passed through this area, no quantitative data were recorded.
The subzone is, however, easily recognized. Larix laricina is the most conspicu
ous tree species and Salix bebbiana the most abundant shrub. The area is very
wet and takes on the aspect of a young swamp forest with tall shrubs and small
trees with hummocks formed at the base. The average pH is 6.07. A number of
the species present are common in swampy habitats. These include Cornus
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stolonifera, Betula pumUa, Rosa palustris, Ribes americanum, R. hirteUum, Salix
serissima, Bidens coronata, B. cernua, and Scirpus acutus.
A number of years ago a path was constructed by dragging logs through

the Larix-Salix subzone to provide easy access for cranberry pickers. The path
now consists of very loosely consolidated peat and is under water most of the

TABLE 8. Frequency, cover, and importance values of 28 species encountered in 36 quad
rats and noint intercepts in the mature Ijirix zone.

Species % %
Cover

Importance
ValueFrequency

72.22 39.67 81.58

16.66 7.36 16.16

27.77 4.91 16.04

5.55 5.28 9.57
27.77 0.44 9.42
16.66 2.50 8.90
19.44 0.44 6.79
16.66 0.50 6.00
16.66 0.17 5.51

11.11 3.51 4.82
8.33 0.83 3.85

11.11 0.22 3.83

8.33 0.36 3.16

8.33 0.28 3.04

8.33 0.08 2.74

2.77 1.11 2.51

2.77 1.11 2.51

5.55 0.17 2.00

5.55 0.17 2.00
2.77 0.56 1.69

2.77 0.14 1.07

2.77 0.06 0.95

2.77 0.06 0.95

2.77 0.06 0.95
2.77 0.03 0.91

2.77 0.03 0.91

2.77 0.03 0.91

2.77 0.03 0.91

86.11

72.22

13.88

8.33

8.33
5.55
5.55
2.77

2.77
2.77

Quadrats
Sphagnum spp.

Cassandra calyculata
Vaccinium corymbosum
Osmunda regalis
Acer rubrum
Carex interior
Maianthemum canadense
Trientalis boreatis
Carex trisperma
Sarracenia purpurea
Ilex verticillata
Cypripedium acaule
Lycopus uniflorus
Thelypteris palustris
Rubus hispidus
Rosa palustris
Salix pedicillaris

Quercus velutina
Vaccinium macrocarpon
Carex aquatilis
Typha latifolia
Menyanthes trifoliata
Viola affinis
Woodwardia virginica
Drosera rotundifolia
Habenaria ciliaris
Monotropa uniflora
Rhynchospora alba

Point intercepts
Vaccinium corymbosum
Larix utricina
Nemopanthus mucronata
Acer rubrum
Ilex verticillata
Quercus velutina
Toxicodendron vemix
Nyssa sylvatica

Salix petiolaris
Ulmus rubra
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summer. By the end of the summer, when the water table is much lower, the
path takes on a consistency of a very wet muck. A few plants were recorded
from along this path and nowhere else in the bog. Among these are Ranunculus
sceleratus, Rumex orbicularis, Scirpus acutus, and Boehmeria cylindrica (shade
form).
The mature Larix zone is a closed bog forest where Larix laricina has a

frequency of 72.22%. It has a very dense understory with Vaccinium corymbo-
sum being the dominant shrub. The data for the ground cover are given in Table

8. As the table indicates, there is very little ground cover. Sphagnum is by far the
most frequent plant, but has a cover value of only 39.67%. The remaining
species provide very little cover. Most of the species listed in Table 8 occur near
the margin of the zone.
The zone is acid with an average pH value of 4.5.

THE ACER RUBRUM ZONE (TABLES 9 & 10)

The climax stage of the bog forest encircles the Larix zone and is dom
inated by Acer rubrum, which has a frequency of 65.78%. Other tree species are
infrequent, as indicated by the low incidence of point intercepts. The frequen
cies ofNyssa sylvatica and Pinus strobus are inflated. Nyssa syhatica was located
in only two stations, both of which occurred on the transect line. Only two tall
trees and two saplings of Pinus strobus were noted in the bog.
The understory is dominated by Ilex verticillata and Vaccinium corymbo-

sum. Together the two species have a frequency of 73.68%. Nemopanthus
mucronata is also frequent in the zone and should, perhaps, have a higher per
cent frequency than is indicated in Table 9. Toxicodendron vemix occurs in this
zone also, but tends to frequent places where the shade is light.
The Acer rubrum zone has a much denser ground cover than the Larix

zone. The predominant species of Sphagnum is S. fimbriatum, which forms
clumps rather than a deep, continuous cushion as does S. magellanicum in the
Larix zone. Maianthemum canadense is the most frequent herb and Ilex verticil
lata is the most frequent woody seedling. Osmunda cinnamomea is also an
important species of the zone and is abundant in very wet places.
Along the outer margin of the bog there are numerous openings in the

Acer rubrum zone. The species present in these openings tend to be typical of
swampy sites. These include such species as Viburnum lentago, Comus stoloni-
fera, Corylus americana, Echinocystis lobata, Vitis vulpina, Leersia oryzoides,
Glyceria striata, Aster umbellatus, Urtica dioica, Bidens cemua, B. coronata,
Impaiiens biflora, and Alisma plantago-aquatica. The pH of these openings aver
ages 6.42 while the pH of the Acer rubrum zone averages 4.81.
On the west side of Little Goose Lake there is a large Vaccinium corymbo-

sum subzone associated with the Acer rubrum zone. Vaccinium corymbosum,
with a 100% frequency value, forms a very dense thicket. Aronia melanocarpa is
also frequent, occurring at one-third of the point intercepts. Acer rubrum occurs
with a frequency of 22.72% and the trees are mostly very large and quite
scattered. They cast very little shade on the area. There are very few ground-
cover species and these provide very little cover. Sphagnum attains its highest
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TABLE 9. Frequency, cover and importance values of 23 species encountered in 38 quad
rats and point intercepts in the Acer rubrum zone.

Species Frequency
% %

Cover
Importance
Value

Quadrats
Sphagnum spp. 42.10 13.95 53.07
Maianthemum canadense 85.71 5.60 40.84
Ilex verticillata 85.71 3.87 35.72
Osmunda cinnamomea 15.78 5.24 19.97
Trientalis borealis 28.94 1.50 12.62
Lycopus uniflorus 26.31 0.47 8.84
Rubus hispidus 18.42 0.58 6.92
Vaccinium corymbosum 7.89 0.92 4.94
Acer rubrum 5.26 0.71 3.59
Thelypteris palustris 7.89 0.18 2.76
Carex trisperma 7.89 0.08 2.46
Galium trifidum 5.26 1.49 1.63
Woodwardia virginica 2.63 0.18 1.27
Cypripedium acaule 2.63 0.13 1.12
Rosa palustris 2.63 0.13 1.12
Toxicodendron vernix 2.63 0.13 1.12
Quercus velutina 2.63 0.05 0.88
Mitchella repens 2.63 0.03 0.82

Point intercepts
Acer rubrum 65.78
Ilex verticillata 39.47
Vaccinium corymbosum 34.21
Nemopanthus mucronata 7.89
Nyssa sylvatica 5.26
Pinus strobus 5.26
Aronia melanocarpa 2.63
Betula lutea 2.63
Quercus velutina 2.63
Toxicodendron vernix 2.63

importance value here since it has high frequency and cover values and since few
other species contribute to the ground cover. It is interesting to note that no
Acer rubrum seedlings were encountered in the quadrats. Data for this subzone
are given in Table 10.
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TABLE 10. Frequency, cover, and importance values of 10 species encountered in 22 quad
rats and point intercepts in the Vaccinium corymbosum subzone associated with the Acer
rubrum zone on the west side.

Species Frequency
% %

Cover
Importance
Value

Quadrats
Sphagnum spp.
Rubus hispidus
Maianthemum canadense
Vaccinium corymbosum
Trientalis boreatis
Osmunda cinnamomea
Aronia melanocarpa

77.27
31.81

36.36
18.18
22.72
18.63

13.63

52.73
14.89

1.45

4.77
0.32
2.82
0.59

116.51

19.38

19.22

15.77

11.11

10.67

7.27

Point intercepts
Vaccinium corymbosum
Aronia melanocarpa
Acer rubrum
Toxicodendron vernix
Amelanchier arborea

100.00
36.36
22.72
9.09
4.54
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