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Pennfield Bog is located in Calhoun County, Michigan. A description
and an ecological analysis of the bog were recently presented (Crow, 1969).
The present article is concerned with the phytogeography of the floristic com
position of the bog.
In order to assess the geographical affinities of a northern bog one must

be greatly concerned with the effect of Pleistocene glaciation on the flora of
North America. Certainly there is no question that as the ice sheets advanced
the vegetation standing in their paths was annihilated. There is much contro

versy, however, concerning the effect of the glaciers of Wisconsin age on the
flora south of the glacial boundary.
One school of thought maintains that there was a major displacement of

the boreal forest during Wisconsin glaciation, but "that Full-glacial tundra,

boreal forest, and deciduous forest formations were not identical in species
composition or even in vegetational structure with their present bioclimatic

analogues" (Martin, 1958, p. 378). Whitehead (1965) feels that palynological
evidence from Carolina Bay sediments demonstrates beyond doubt profound

changes in both climate and vegetation in this region during late Pleistocene

time.

On the other hand, some believe that the climate south of the glaciers
did not differ greatly from that of the present. Braun (1951, p. 145) main
tains that ". . . the deciduous forest zone, although narrowed, maintained itself
on the Appalachian Plateaus in southern Ohio and Kentucky while glaciers ex

tended southward in Ohio."
Wolfe (1951) raises two pertinent questions concerning some species of

narrow ecological range which are present in microclimates near the glacial
border. If a developing tundra caused these species to retreat to the southern
Appalachians, ". . . how, with their narrow ecological amplitude and lack of
continuous migration routes, did they get back near the glacial border?" And
how did a plant like Sullivantia sullivantii (T. & G.) Britt., which is known
only from limestone and sandstone cliff faces of southern Ohio, southern Indi
ana and northern Kentucky, return to its present range and ". . . not persist in
some of the millions of grotto microclimates of the southern mountains"
(Wolfe, 1951, p. 137)?
litis (1965, 1966) has observed that there is a large western floristic ele

ment in northeastern North America. In the East these western taxa are re
stricted to glaciated areas. He feels that this distribution pattern strongly sug
gests that during the Pleistocene the eastern deciduous forests were essentially
closed communities and unchanged from those of today, except where subject
to periglacial phenomena.
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The following phytogeographic analysis takes the latter viewpoint.
The North American ranges of all species in the bog have been deter

mined as accurately as possible from the published literature. Five basic distri
bution patterns of the Pennfield Bog species are evident: 1) widespread
species, occurring throughout much of the United States and adjacent Canada
and often widespread in other parts of the world; 2) those occurring primarily
in the eastern half of the United States and adjacent Canada; 3) those which
occur in northeastern North America and also on the Coastal Plain; 4) those of
northeastern North America, primarily north of the glacial boundary; and 5)
northern, chiefly circumboreal species.

WIDESPREAD SPECIES

About 10% of the species, of which Typha latifolia (Map 1) is an ex
ample, occur widely throughout much of the United States. They are chiefly
plants of swamps and meadows, quiet waters, and shores. The majority of
these plants occur in the pioneer zones and only Typha latifolia is an im
portant constituent of the bog. Other species with this distribution include
Agrostis stolonifera, Ceratophyllum demersum, Glyceria striata, Lemna tri-
sulca, Monotropa uniflora, Lemna minor, Potamogeton gramineus, P. illinoen-

sis. Ranunculus sceleratus, Sagittaria latifolia, Scutellaria lateriflora, and Sium
suave. These widespread species probably extended their ranges northward as

the glaciers receded.

EASTERN UNITED STATES SPECIES

Approximately 26% of the species of the bog have distributions through
out the eastern half of the United States and adjacent Canada. These are spe
cies of shores, thickets, swamps and marshes, and woodlands which have also
extended their ranges northward with the retreat of the glaciers. Nuphar lute-
um subsp. macrophyllum (Map 2), an important pioneer of the bog, illustrates
this pattern. Other species with this distribution include Acer rubrum, Agalinis
purpurea, Amelanchier arborea, Apios americana, Boehmeria cylindrica,
Brasenia schreberi, Carex comosa, Cephalanthus occidentalis, Cyperus di-
andrus, Decodon verticillatus, Dulichium arundinaceum, Echinocystis lobata,
Eleocharis compressa, Eupatorium perfoliatum, E. purpurea, Impatiens biflora,
Juncus effusus var. solutus, Leersia oryzoides, Mitchella repens, Nyssa sylva-
tica, Onoclea sensibilis, Osmunda regalis, O. cinnamomea, Parthenocissus quin-
quefolia. Polygonum hydropiperoides, P. sagittatum, Prunus virginiana,

Quercus velutina, Rosa palustris, Sambucus canadensis, Scirpus cyperinus,
Ulmus rubra, Viola affinis, Vitis vulpina, and Woodwardia virginica.

NORTHEAST-COASTAL PLAIN SPECIES

About 8% of the species occur in the Northeast and South along the
Coastal Plain. These are mostly plants of acid or peaty soils. Sarracenia purpu
rea (Map 3), a typical bog plant, illustrates the pattern. Most of these plants
have apparently migrated northward from the Coastal Plain into the newly
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opened, glaciated northeast. Other species having this pattern are Drosera
intermedia, Habenaria ciliaris, H. clavellata, Hydrocotyle umbellata (chiefly a
Coastal Plain species), Isotria verticillata, Pogonia ophioglossoides, Toxico
dendron vernix, Triadenum virginicum, Utricularia gibba (chiefly a Coastal
Plain species), and U. purpurea.
The ranges of Habenaria ciliaris, H. clavellata, and Isotria verticillata also

extend southward in the Appalachian Mountains. These have probably sur
vived glaciation in the mountains as well as on the Coastal Plain.

NORTHEASTERN NORTH AMERICA SPECIES

Approximately 28% of the Pennfield Bog species are basically of a
northeastern North American distribution with nearly the entire range occur
ring within glaciated territory. The general habitats of this group of plants in
clude bogs, peaty soils, swamps and wet meadows. The distributions of these
plants strongly suggest that most of these species survived the Wisconsin glaci
ation in the Appalachians or on the Coastal Plain, not far from the ice front.
Nearly half of these species occur chiefly in the mountains south of the

glacial boundary and include such important species of the bog as Vaccinium
macrocarpon, Nemopanthus mucronata, Ilex verticillatus, and Andromeda
glaucophylla. The distribution pattern is represented by Rubus hispidus (Map
4). Other species which were apparently harbored by the mountains are
Aronia melanocarpa, Be tula lutea, Carex trisperma, Corylus americana,
Cypripedium acaule, Eriophorum virginicum, Gaultheria procumbens, Glyceria
canadensis, Iris versicolor, Juncus brevicaudatus, Pinus strobus, Ribes hirtell-
um, Sparganium chlorocarpum, Spiraea tomentosa, Trientalis borealis, and
Viburnum lentago.
Eleocharis smallii, Thelypteris palustris var. palustris, and Vaccinium

corymbosum are important constituents of the Pennfield Bog flora which
apparently persisted chiefly on the coastal plain just south of the glacier.
Rhynchospora alba (Map 5) illustrates the pattern. Others include Aster um-
bellatus, Betula pumila, Bidens coronata, Campanula aparinoides, Cypents
engelmannii, Eleocharis intermedia, Epilobium strictum, Hypericum boreale,
Liparis loeselii, Nymphaea tuberosa, Ribes americanum, and Rumex orbicu-
latus.

Another possible refugium for a few plants with this basic distribution
pattern was an area to the southwest of the Great Lakes. Asclepias incamata
subsp. incamata. Spiraea alba (Map 6), and Viola nephrophylla appear to have
migrated into glaciated territory from this refugium. Spiraea alba and S. lati-
folia, which apparently survived the Pleistocene in the Appalachians, form a
complex centered in glaciated territory where the two taxa come together (for
a more detailed discussion of this complex, see Kugel, 1958).

NORTHERN SPECIES

About 28% of the species range throughout much of northern North
America; many of these are circumboreal in distribution. Most of them are
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plants of bogs and peaty soils, shores, swamps, and marshes. Three of the
most important bog species, Carex lasiocarpa, Cassandra calyculata, and Larix
laricina, are in this category.

Nearly one-third of the northern species (9% of the total) occur south
of the glacial boundary only in the east and thus appear to have survived
glaciation in the Appalachians and the Coastal Plain. Larix laricina (Map 7) is
illustrative. Others include Alisma plantago-aquatica, Aralia nudicaulis. Bidens
cernua, Cassandra calyculata, Coptis trifolia var. groenlandica, Drosera rotundi-
folia, Habenaria obtusata, Lycopus uniflorus, Maianthemum canadense, Meny-
anthes trifoliata, and Rubus pubescens.
About half of the northern species of Pennfield Bog (14% of the total)

constitutive a western element. Most of the western species survived the
Pleistocene in the Rocky Mountains, as is indicated by the distribution of
Cornus stolonifera (Map 8). These taxa are restricted by the glacial boundary
in the East. Other species which probably survived in the Cordillera include
Carex aquatilis, C. interior, Muhlenbergia racemosa (litis, 1965), Myriophyllum
verticillatum, Populus tremuloides (litis, 1965), Potamogeton nutans, Trigloch-
in maritima, Salix Candida (litis, 1965), S. pedicellaris (Fernald, 1925), S.
petiolaris and S. serissima (litis, 1965), and Urtica dioica var. procera.
The unglaciated interior of Alaska appears to have enabled many species

of the northern forests and of the arctic tundra to survive glaciation (Heusser,
1965). A few species now present in Pennfield Bog have probably migrated
from Alaska after the retreat of the ice. The distributions of Calla palustris
(Map 9), Carex chordorrhiza, and Equisetum fluviatile suggest such a migra
tion.

Several species of the bog cannot be accounted for by any of the pre
ceding patterns. Some of these are aquatics whose present ranges are entirely
within the glacial boundary and might be considered part of a periglacial ele
ment. It is also possible that some of these may have survived on nunataks in
and around Newfoundland, as Fernald (1925) has suggested, or in unglaciated
coastal refugia of the Pacific Northwest (Heusser, 1965). For some there is
insufficient information to allow an assessment of their geographical affinities.
The probable sources of species which now occur in Pennfield Bog are

summarized in Map 10. There appear to be four important sources from
which the bog flora has been derived: 36% of the species are southern and are
chiefly in pioneer zones or at the outer margin of the bog; 42% have an east
ern affinity; 10% are Cordilleran; and 2% are of Alaskan affinity.

SUMMARY

Pennfield Bog, Calhoun County, Michigan, lies in one of the many depressions of
the Kalamazoo morainal system. Field work was carried out from April to October,
1967. 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. Frequency, cover,
and importance values have been tabulated for each vegetational zone.
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A total of 144 species of vascular plants was collected. Their North American
ranges have been determined from the literature. Five basic patterns are represented by
the bog species: 1) widespread species; 2) eastern United States species; 3) Northeast-
Coastal Plain species; 4) northeastern North American species; and 5) northern species.
Postglacial migration from Pleistocene refugia may account for the present flora. The bog
flora appears to have been derived from four important sources: 36% of the species have
southern affinities, 42% have eastern affinities, 10% represent a Cordilleran element, and
2% are of Alaskan affinity.
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