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THE BOGS OF CENTRAL AINNESOTA 

INTRODUCTION 
Ever since the earliest ecological studies, ecologists 

seem to have been fascinated by the study of bogs 
and bog-dwelling plants. Perhaps this is because the 
bog habitat is of very limited extent compared to 
the total area occupied by the vegetation of mineral 
soils. Hence bog plants are unusual, and therefore 
interesting, because they appear able to flourish in 
environmental conditions which are hostile to the 
great majority of vascular plants. Not merely are 
they unusual, but to earlier ecologists many of them 
appeared paradoxical, because they are xeromorphic. 
This paradox is seen today in more perspective, since 
it is realized that the xeromorphy is exhibited mainly 
by the Ericaceae; we have progressed beyond the 
teleological interpretation implicit in the term "phys- 
iological drought" to a better understanding of the 
metabolic behavior of the bog Ericads and of other 
of the vascular plants with the same habitat prefer- 
ences. As examples of this approach one may take 
the work of Priestley and Hinchliff (1922, 1924) on 
the fat metabolism of the Ericaceae, or of Pearsall 
and Wray (1927) on the ecology of Eriophorum 
angustifolium. 

Meanwhile, since the days of Schimper and Warm- 
ing and "physiological drought" other aspects of bog 
ecology have become prominent. First and foremost, 
bog communities provide by far the clearest examples 
of plant succession, since xeroseres of a truly pri- 
mary character are hard to find and extremely slow 
moving. Hence, ever since the work of Clements, the 
successional aspect of bog vegetation has rightly 
claimed a large share of attention. Allied to this, 
but later in time, has come the historical study of 
bogs by research on the underlying peats or lake 
deposits. Probably more bogs are today receiving 
attention from workers in this field than are being 
studied by ecologists with other lines of interest. This 
is indeed as it should be, since, by a study of the 
actual history of development, we may confirm, or, 
if necessary, modify the conclusions already reached 
from our knowledge of the present-day ecology. 
Moreover it is obvious that an understanding of bog 
stratigraphy is of the highest importance in the in- 
terpretation of the pollen diagrams on which is based 
knowledge of the post-glacial history of vegetation 
types in general. 

In recent years a very large tributary has entered 
the river of knowledge which has flowed from the 
work on bogs carried out by the ecologists, that is 
to say, the "pure scientists." This tributary, derived 
from the territory of "applied" science, might in 
fact be considered, from the point of view of volume 
of work, as the main river! Be that as it may, there 
is no doubt that at present ecologists and experts on 

peat chemistry or microbiology or the agricultural 
uses of peat, are working together not only to in- 
crease our basic understanding of peats and peat- 
formiiing vegetation, but to solve the problems involved 
in deciding the best practical policies for dealing 
with peat-bearing areas. 

In the British Isles, the lowland bogs have suffered 
from human attention for many hundreds, if not 
thousands of years, and almost all of them have been 
thoroughly degraded, to view them with an ecologist's 
eye, or converted to useful purposes, to take the view- 
1)oint of a farmer, a peat-merchant or a shooter of 
gamne-birds. The upland bogs are also for the most 
part in a degraded state, with characteristics very 
different from those which they must have shown 
during most of the period of their existence, and an 
understanding of the reasons for their degradation 
is valuable not only for its own sake, but for its use 
in forecasting the probable fate of the peat areas in 
the future. We may, for example, need to know the 
answers to questions such as these: how far is bog 
degradation a response to climatic change; is it de- 
sirable or possible to bring the bogs back to their 
natural condition; if peat formation has ceased, what 
new vegetation will appear, or what new plant types 
can we try to grow, and so on. For such an under- 
standing, it is clearly desirable to have in the first 
place the widest possible knowledge of the relation 
of bog types to climatic and topographic conditions, 
and it was therefore natural for an English investi- 
gator of bog ecology to seek the widening of experi- 
ence which could be given by a first-hand acquaint- 
ance with the bogs of at least one locality in the 
wide area of the North American continent. For 
this reason, and with the general background of 
thought which has been briefly sketched, the writer 
undertook a year's study of bogs in the state of 
Minnesota, from September 1946 to September 1947. 
The choice of this area, out of all the possible areas 
in the U. S. A., was due to the encouragement of 
Dr. W. S. Cooper of the University of Minnesota, 
and his generous offer of hospitality within his de- 
partment. 

This work was carried out during the tenure of a 
Virginia Gildersleeve International Fellowship given 
by the American Association of University Women. 
Grants were also received from Girton College, Cam- 
bridge, and the Leverhuline Fellowships fund. Grate- 
ful acknowledgment is made to all these institutions. 
The writer has also to thank the University of Shef- 
field for granting leave of absence for a year, and 
the University of Minnesota for according the privi- 
leges of an Honorary Fellow. 

The help received from taxonomic experts is ac- 
knowledged later. The writer is much indebted to 
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Mr. D. A. Christianson of Hinckley for helping with 
information and transport in Pine County, and a great 
deal is owed to the generosity of Mr. and Mrs. Borton 
of Minneapolis, who lent a car for field work during 
the summer of 1947. Valuable assistance was re- 
ceived from Dr. D. B. Lawrence and many other 
members of the Department of Botany in the Uni- 
versity of Minnesota. Above all, the writer must 
express her gratitude to Dr. W. S. Cooper, Pro- 
fessor of Botany in the University of Minnesota, 
who encouraged her in the first place to come to 
Minnesota, and who helped in every possible way 
throughout her stay. 

SCOPE AND METHODS OF WORK 
Practical considerations, such as the limited period 

of the research, and the difficulties of transport, 
made it necessary to choose an area as near as pos- 
sible to the laboratory facilities of Minneapolis and 
to restrict its size. The boundary marked on Figure 
1 encloses all the localities at which ecological studies 
were made, and any generalizations about bog ecol- 
ogy will refer to this area only. Moreover, studies 
were strictly limited to wet habitats which were free 
fromn any influence by silt depositions. The abun- 
dance of such habitats in the area may be ascribed 
of course to the topographical nature of the region, 
which has been strongly affected by glaciation. All 
the bog localities lie within the general area of the 

Canada 

Vu Ke 
H.s 

- Wisconsin 

Scale ? 50 '0miles 
FIG. 1. Map of Minnesota, showing area of study 

(dot-dash line). Dotted line, boundary of glacial Lake 
Agassiz. Hatched line, boundary of the Young Grey 
drift (after Thiel (1930)). I, Itasca Park; G, Grand 
Rapids; D, Duluth; Cu, Cuyuna; K. Kerrick; H. Hinck- 
ley.; Ce, Cedar Creek; M, Minneapolis; S, Saint Paul. 

Wisconsin glaciation, though as Figure 1 shows, some 
of them are not within the limits of the Late Wis- 
consin maximum. 

Again, there was need to use simple techniques of 
study, rather than to spend time on the elaboration 
of new or lengthy methods, and therefore the work 
(loes not claim to have gone beyond the traditional 
lines of descriptive ecology. It has, however, seemed 
to the writer that the data were worth putting on 
record, since this would allow comparisons to be 
made between bogs of the area here described and 
those dealt with by Transeau (1903), Gates (1942), 
Cooper (1913), and others. 

The problem of nomenclature presents some diffi- 
culty to ecologists who are not directly concerned 
with taxonomic procedure. They are bound to rely 
on the help of taxonomic experts, and the writer grate- 
fully records the assistance received from Dr. J. W. 
Moore, Dr. C. 0. Rosendahl and Dr. Murray F. Buell 
for the vascular plants; from Professor W. C. Steere 
for Sphagna; from Dr. C. Christensen for the larger 
Basidiomycetes. Apart from the commonly occurring 
Angiosperms, of which mis-identification is unlikely, 
specific names which have not been checked by ex- 
perts are marked with an asterisk. The names and 
authorities given in the text are taken from the 
following literature; exceptions to this are stated in 
the text where necessary: 

Flowering plants and ferns; Moore and Tryon (1946) 
Sphagna; Le Roy Andrews (1913) 
Other mosses; Grout (1928) 
Basiodiomycetes; Graham (1944) 
Filamentous fungi; Gilman (1945) 

Soil acidities were almost all estimated by the 
quinhydrone method. This is open to criticism as 
being less accurate than more modern electrometric 
methods, but there is such a variation of pH reading 
given by several estimations from one sample of 
peat of, say, 20 cc. in total volume, that the lack 
of great accuracy is out-weighed by the advantages 
of using simple, sturdy and portable apparatus. 
Further, most of the more important and wide- 
ranging measurements of bog pH values in the Brit- 
ish Isles have been made by the quinhydrone method, 
more especially by Pearsall and his co-workers, so that 
the use of this method in Minnesota has the advan- 
tage of allowing comparison with the British data. 
Appendix I gives details of the use of the method 
and the type of results obtained. Occasionally, for 
water samples, a colorimetric method was used, the 
indicators being held by paper strips. Values so 
obtained are qualified in the text by the word "colori- 
metric." 

The sketch-maps of bog localities which are shown 
in Figures 2, 4, and 5, are derived by enlargement 
from the relevant aerial photographs, commercially 
obtainable from the U. S. Department of Agricul- 
ture. Exact map locations and references to aerial 
photographs will be found in Appendix II, which 
includes not only all the places mentioned in the 
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FIG. 2. Sketch-map of Twin Lakes locality, Itasca 
Park. xy, position of transect shown in Fig. 13. 

text, but others which were examined during the 
coiurse of the research. 

OUTLINE OF THE BOG SUCCESSION; THE 
DEVELOPMENT OF ACIDITY 

Within the area studied, there are bogs which show 
associations dominated by acidiphilous species, more 
particularly species belonging to the Ericaceae, but 
there are other bogs in which this kind of association 
does not occur. This situation appears to be common 
in the north central parts of the U. S. A., and there 
has been some discussion concerning both the nomen- 
clature of bog types, and the underlying factors 
which cause the difference. Waterman (1926) for 
example, deals with these questions, and so also does 
Kurz (1928), who broadly separated his bog types 
into "acid" bogs, and "circum-neutral" bogs.1 In 
central Minnesota it seems impossible to draw a line 
which shall even roughly separate two types in this 
way, since there seems to be a continuously graded 

1 An ecologist is apt to refer to soil types as "acid" or "non- 
acid," in a way which must offend those who are used to 
thinking accurately in chemical terms. Yet the practice makes 
for ease in writing, and ecologists usually understand each 
other well enough. To make the matter quite clear, however, 
the following equivalences will be used throughout this paper: 

Acid: pH below 5.0 
Moderately acid: pH from 5.0 to 5.5 
Subneutral: pH from 5.5 to 6.5 
Circumneutral: p H from 6.5 to 7.5 

series from one extreme to the other. This conclusion 
will be illustrated by an outline description of six 
localities in which the bog vegetation was studied. 
In order to simplify the description, and to empha- 
size the common features of these varied successions, 
the vegetation is classified not under the headings of 
particular associations, but in terms of four major 
community types, namely, pioneer-mat, moss-heath, 
bog-forest and marginal fen. These names are 
largely sdf-explanatory. The name "marginal fen," 
however, requires brief comment at this stage. This 
is the narrow zone which normally separates the 
communities of the mineral soils around the bog from 
the main communities which occupy the bog surface as 
a whole. It is characterized by abundance of Alnus 
incana and of basiphilous sedges, most commonly 
Carex riparia. Such a zone has been recognized and 
described in the literature of north American bogs, 
as for example by Cooper (1913) for Isle Royale, 
hut has received a different descriptive name from 
nearly every author. It is clear that it is the exact 
homologue of the "lagg" of Scandinavian writers; 
an account of the term and its meaning in relation 
to British bogs may be found in Godwin and Con- 
way (1939). It is essentially that part of a bog 
which is permanently under the influence of the 
relatively base-rich waters which drain down the 
slopes of the surrounding higher ground. The zone, 
with its neutral or nearly neutral peat and its sedge- 
alder-willow vegetation, presents a physiognomy ex- 
actly similar to that which in Britain is called "fen," 
and hence the name "marginal fen" is used here 
instead of "lagg," which is a term apparently not 
widely recognized in the U. S. A., if recognized at 
all. 

Cedar Creek bog 
This bog, which lies within easy reach of Minne- 

apolis, has received close study from Lindemann, but 
mainly from the limnological aspect. He has, how- 
ever, given a description, most valuable to botanists, 
of the development of the bog as deduced from bor- 
ings along a transect (Lindemann 1941). The pres- 
ent area of open water is only a small fraction of 
the lake which must originally have existed. The 
greater part of this larger area is now occupied by 
bog-forest, but between this and the lake water lies 
a narrow pioneer-mat of varying vegetation. Not 
only does it vary from place to place at present, but 
it has varied from time to time in the past. Thus 
Lindemann has described how the dominance of 
Decodon verticillatus has alternated with dominance 
of Typha latifolia. During the summer of 1947, 
Typha occupied by far the greater area of the two, 
but Decodon was growing very luxuriantly and cov- 
ering the whole of the mat! over a sector at the north 
end. Typha is not for the most part forming the 
younger margin of the mat, but stands inland to a 
zone dominated by Carices, especially C. lasiocarpa 
and C. prairea. Bryophytes, though locally abun- 
dant, appear as a minor component of the mat 
vegetation. 
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A few isolated saplings and trees of Larix laricina 
(tamarack) grow on the pioneer-mnat, but it appears 
that colonization has not been active in recent years, 
find the bog-forest margin is abrupt. The forest con- 
sists of mixed Larix and Thu-ja occidentali; in the 
older parts the latter forms almost pure stands, which 
are dense and cast an intense shade. The ground flora 
is basiphilous in the main, but Sphagnum magellani- 
CUm, Ledum groenlandicum, and Vaccinium Oxycoc- 
cus are of frequent occurrence. Table 1 gives the 
results of pH estimations. The values for peat sam- 
ples taken in the bog-forest show a wide range, but 
the most acid values are obtained only by deliberately 

TABLE 1. Cedar Creek Bog. pH values. 

Place or type Mean pH 
of sample Comments value 

Lake water... Two samples, 7.0, 6.88 .6.94 

Pioneer-mat.. Six samples from one quadrat. 
Range 6.30-6.85 ....... ........ 6.53 

Thuja forest. . Six samples from one quadrat. 
Range 5.03-7.12 ....... ........ 6.39 

Ditto . Five samples each chosen from 
just below the surface where 
Sphagnum magellanicum was 
growing. Range 4.10-4.48.;.... 4.26 

Marginal Fen. Two samples, 5.62, 5.58 ........ 5.60 

Mineral soil... From sloping ground juet above 
the site of the preceding samples. 5.40 

choosing samples from beneath Sphagnum patches, 
and the peat of the bog as a whole is not acid. It is 
therefore not surprising that the marginal fen is not 
conspicuously differentiated in this bog, at any rate 
in those parts of the margin which were examined. 
Itasca Park Twin Lakes area 

South of the end of the S.E. arm of Lake Itasca, 
beyond Lake Mary, lies a group of small hollows, 
each of which shows stages of a type of bog develop- 
ment which is common to them all. Figure 2 shows 
the disposition of the hollows, which have for con- 
venience been named with letters. A and B are the 
"Twin Lakes"; B shows signs of interference, for 
example by the building of fences and the cutting 
out of trees from the community which now resembles 
a pioneer-mat. A, on the other hand, gives the im- 
pression of a more natural zonation, while D, which 
is not visible nor easily accessible from the road, 
presents an apparently perfect example of the suc- 
cessional stages characteristic of this locality. Fig- 
ure 3 shows the general appearance of D. C was 
not examined, but appeared at a distance to resemble 
D very closely. E and F no longer showed any 
open water, but were covered in the center by the 
completed pioneer-mat, which was dominated here 
by Carex lasiocarpa. With this species were asso- 
ciated a fair variety of other Angiospernis, and a 
small number of widely distributed but inconspicuous 
Bryophytes. Carex comosa was typical of the 
younger pioneer-mats at A and D which were still 
invading open water. Just as at Cedar Creek bog, 
there is here no development of a moss-heath com- 
munity, but Larix laricina directly invades the pio- 

~~- - 

Flu. 3. General view of Twin Lakes D. Foreground, pioneer-mat of Carex lasiocarpa with Typha; beyond the 
water, pioneer-mat, Larix and Picea zones, w"ith mixed Pine-hardwood forest on upland in the background. 
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TABLE 2. pH values along a transect across the Lake Alice bog communities, wtih the data for presence of 

selected species in quadrats at the sites where samples were taken for pH estimation. 

Vegetation type BOG-FOREST 
____________ ________________ 'WIoss-heath 0 o 

Old Picea Picea-Larix 

Distance from zero of transect in 
paces (yards approx.) ......... 14 27 33 39 45 52 64 87 117 147 177 209 217 223 229 235 241 247 

pH values at about 10 cm depth. . 6.8 6.4 7.3 5.5 6.8 4.3 7.1 6.3 4.4 5.0 6.3 6.3 6.0 6.5 5.5 4.8 6.7 6.6 

Carex lasiocarpa Ehrh. var. 
americana Fernald ............ .... .... .... .... .... .... .... .... .... .... .... + + + + + + + 

Calliergonella cuspidata (Hedw.) 
L oeske. * .................... ... .... . .... .... .... .... .... .... . .... .... . .... .... + + - 

Aulacomnium palustre Schwaegr ...... .... + + + + + + + + + + + + + 
Salix pedicellaris Pursh. var. 

hypoglauca Fernald .......... .... .... .... .... .... .... .... .... .... .... .... .... .... + + + + 
Potentilla palustris (L.) Scop .... ... .... .... .... .... .... + + + + . ..... .... + 
Andromeda glaucophylla Link ...... .... .... + + + + + + + 
Betula pumitla L. var. 

glandulifera Regel . . . . . . . . .... .... .... .... .... .... .... . + + + + + + 
Vaccinium Oxycoccus L . . . ....... .... .... .... ....++ + + + . ... + 
Sphagnum magellanicum Bird.....+. ............ .... .... . ... +... .... .... + 
S. recurvum Beauv . . . ...... .... . .... .... + .... + + + + + + 
Ledum groenlandicum Oeder ...... + + + + + + + + + + + + 
Chamaedaphne calyculata (L.) 

Moench. var. angustifolia 
(Ait) Rehder . . . . . . ......... .... .... .... .... .... .... .... + + 

Linnaea borealis L. var. amers- 
cana (Forbes) Rehder ......... + + + + 

Maianthemum canadensis Desf + + + + 
Aralia nudicaulis L . ................ + 

neer-mat. Larix is followed, however, not by Thuja 
but by Picea mariana, and there are indications that 
this in turn may eventually be replaced by Abies 
balsamea. 

Lake Alice bog 
This bog also occurs in the Itasca Park region, but 

is possibly shallower than the Twin Lakes group just 
described, since it carries a large population of 
floating-leaved hydrophytes. The pioneer-mat is 
again dominated by Carex lasiocarpa, but it passes 
over into a well-developed moss-heath in which Betula 
pumila var. glandulif era (the bog birch) is promi- 
nent. Larix is actively colonizing the moss-heath out- 
side the margin of a wide bog-forest zone, and 
dominates the younger zone of the bog-forest, with 
some admixture of Picea. The latter tree dominates 
the older stage, but is itself being invaded by Abies, 
as in the Twin Lakes area. 

Table 2 gives the results of pH estimations for 
peat samples taken along a line passing across the 
vegetation zones from west to east, on the western 
side of the bog. It also gives the presence or absence, 
in quadrats listed at the sampling sites, of a selection 
of the more characteristic and important species of 
the shrub and herb layers. The pH values suggest 
that sub-surface peat is not strongly acid, but that 
a skin of acidifying mosses, more especially Aula- 
comnium palustre, Sphagnum recurvum and S. 
mnagellanicum, has developed extensively, so that peat 
samples with pH values below 5.0 are readily en- 
countered. It is worth noting that while Chamae- 

daphne calyculata is present in the area, it is not this 
species, but Andromeda glaucophylla which domi- 
nates the moss-heath, and that the chief moss of the 
moss-heath is not a species of Sphagnum but Aula- 
comnium palustre. 

Cuyuna bog 
About a mile to the east of the re-awakened iron- 

mining village of Cuyuna there lies a depression 
filled by a lake and the bog communities which are 
colonizing it. The whole area is of much interest, 
because of the variety of plant associations which is 
exhibited there, but unfortunately it is threatened 
with destruction as a result of mining activities. 

Where the trail from the road leads down to the 
bog, as indicated in Figure 4, the slope is steep, and 
if the underwater slope is correspondingly steep on 
this radius, it may explain why the pioneer-mat is so 
narrow at this point. It is dominated by Carex 
lasiocarpa, but quickly passes into an alder-rich zone 
and inside this occurs a typically treacherous mar- 
ginal fen with much coarse sedge. Rough colorimetric 
estimates of pH along this radius gave nothing more 
acid than pH 5.7. 

Farther around, on the west side of the bog, at E, 
the bog zones are very much widened and much of 
the area is dominated by bog birch. An older zone 
of tall birch, farther from the open water, is rather 
clearly distinct from a younger zone of shorter 
bushes. Both among the bushes and in the pioneer- 
inat between them and the water, the mixture of 
species is surprising, since it included several char- 
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FIG. 4. Sketch-map of Cuyuna bog. Symbols as in 
Fig. 2. 

acteristic members of the moss-heath, although the 
pH values in the region appeared to be high; thus 
two samples gave values of 6.07 and 6.15. After 
careful examination, however, it seemed clear that 
there had been considerable interference on this side 
of the bog by the removal of large trees, whose 
stumps were still evident. This would be sufficient 
to explain the complexity of the area. 

On the other hand, along the transect AB, there 
occurs a series of vegetation zones which give the 
impression of being almost, if not completely, pri- 
mary in character. The pioneer-mat has formed a 
bridge across the center of the original lake; it is 
dominated by Carex lasiocarpa, though Typha occurs 
fairly frequently in the mat, and is especially abun- 
dant close to the water margin around the smaller 
daughter-lake. The pioneer-mat is succeeded by a 
moss-heath, and Sphagnum subsecundum, which ap- 
pears here as the earliest moss-heath invader, can be 
found widely distributed at the base of the Carex 
iasiocarpa shoots in the older parts of the pioneer- 
mat. At the time of study, it was very inconspicuous, 
since it was growing completely submerged. The most 
advanced Ericaceous member of the moss-heath is 
Vaccinium macrocarpon, which forms a conspicuous 
zone in association with Sphagnum magellanicum, S. 
recurvum and other Sphagna. Chamaedaphne be- 
comes dominant a little way behind the Vaccinium, 
and this zone is itself being actively invaded by 
Larix. The bog-forest zone is wide here, with Larix 
still the sole dominant. The ground flora is domi- 
nated by Sphagna, and it is clear that the Sphag- 
num domination has been long continued, and cannot 

be considered as a "surface skin" such as was de- 
scribed for the bog-forests at Cedar Creek and Lake 
Alice. This conclusion is based on samples taken 
with a peat borer at a spot in the Larix zone. The 
samples indicated a profile whose main features may 
be summarized as follows: 

Depth from 
Surface in Feet Nature of Material 

0- 6 . Fresh Sphagnum peat 
6- 9 . More humified Sphagnum peat 
9-11 . Peat mainly of Calliergon cordifolium* 

11-14 .. Mainly Monocotyledonous remains 
14-20 .. Marl, with organic matter present above, 

but lessening downwards 

Beyond the Larix zone lies a well-defined marginal 
fen, dominated by Alnus incana, with much Carex 
rostrata and a great variety of basiphilous species. 

pH values were taken from quadrats extending 
along the line AB, the distance between the two ex- 
treme quadrats being about 130m. Six samples were 
taken from each quadrat, and the mean is here re- 
corded. Some colorimetric estimations for the lake 
water were also made, and the mean is again for six 
samples. The results were as follows: 

Pu 
Lake water (colorimetric) ......... ............. 6.7 
Carex lasiocarpa mat without Sphagna ..... ...... 5.63 
Carex lasiocarpa mat with Sphagnum subsecundum 5.45 
Moss-heath (Vaccinium macrocarpon dominant) .. 4.72 
Moss-heath (Chamaedaphne calyculata dominant) 4.42 
Bog-forest (Larix laricina dominant) ...... ...... 4.39 
Marginal fen .................................. 6.03 

In the region labelled D, there is a forest type 
mature enough to show Picea as the dominant, but the 
zone is narrow and the ground flora is very mixed, 
probably owing to the influence of the base-rich 
ground waters of the wide marginal fen, which lies 
behind the Picea zone. This influence is shown by 
three pH readings, which gave values of 5.10, 5.40, 
and 5.75. 

Finally, at C there is a vegetation type which is 
almost certainly secondary in nature, the modification 
being induced by the removal of trees from the orig- 
inal bog-forest zone at that point. The effect has 
been to allow the moss-heath to develop to an extreme 
density, with deep cushions of Sphagnum, especially 
S. magellanicum, with S. capillaceum as a frequent 
dominant of the cushion summit, and a great abun- 
dance of Polytrichum strictum. Chamaedaphne is 
dense and the other Ericads are inconspicuous or 
absent. 
Pug Hole bog 

Pug Hole Lake lies alongside Highway 38, north 
of Grand Rapids, and its southern end has been 
overgrown by an extensive development of bog. Only 
the southernmost end of the open water of the lake 
is indicated in Figure 5. By far the larger area of 
the bog is moss-heath; bog-forest has not yet devel- 
oped to a great extent, and the dotted line MN 
roughly indicates the northward limit of the scattered 
tamaracks which are the bog-forest pioneers. 
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FIG. 5. Sketch-map of Pug Hole bog. Symbols as in 
Fig. 2. AB and PQ, positions of transects shown in 
Figs. 6 and 7, respectively. MN, approximate outer 
boundary of area of tree colonization. 

The pioneer-mat is formed by Carex lasiocarpa, 
and as at Cuyuna, Sphagnum subsecundum is abun- 
dant in the older parts of the mat. In June, 1947, 
the younger parts of the mat were submerged to a 
depth of about 3 feet. The moss-heath is everywhere 
dominated by Chamaedaphne, which is thick and lux- 
uriant, especially in the area north of the upland 
"islands" which stand out of the center of the bog. 
The appearance somewhat suggests that there may 
have been some burning over the bog surface, but 
there is also a strong suggestion that the bog surface 
has been much drier at some time in the recent past 
than it is at present. For instance, right at the 
water margin of the pioneer-mat is a fringe of bog 
birch and other shrubs, which are not likely to have 
begun their development there if the mat was as 
deeply submerged as it is at present. Again, the 
moss-heath is scattered with a number of dead young 
trees of Populus tremuloides and a few also of Pinus 
strobus. 

Nevertheless, in spite of the obvious effects of 
recent drying (doubtless the work of the "dry 
thirties"), and possibly of burning, there is no reason 

to consider the moss-heath as secondary in nature, 
and in fact the general succession exhibited is ex- 
actly that which was seen along the transect AB at 
Cuyuna. Figure 6 shows some data from a transeet 
across part of Pug Hole bog, the line AB in Figure 
5 showing its position. In collecting samples for pH 
estimations, the peat was taken, as far as possible, 
from the sub-surface layers, say at about 10 cm. 
depth; in Sphagnum-rich areas they were taken in 
the dead moss layer below the living surface. It was 
much harder to penetrate the tough surface of the 
sedge-mat peat, and therefore these samples were 
more superficial, though since the peat surface was 
submerged, it is unlikely that the readings would 
differ greatly' from those of samples 10 cm. deeper. 
The' nature of the plant communities is illustrated by 
the presence or absence data for selected species, 
taken from the records of listed quadrats extending 
along the transect. The quadrats were worked on a 
different occasion, and hence do not coincide with the 
sites of pH samples. 

The gradual development of acid conditions may 
clearly be seen in Figure 6, and is associated with 
the rise in importance of Sphagnum magellanicum 
and other mosses in lesser quantities, until the field- 
layer is formed entirely of mosses. Chamaedaphne 
does not reach dominance until the Sphagnum cover 
is firmly established. 

The higher pH values of the marginal fen are 
shown also, but the abrupt transition is better illus- 
trated by the results shown in Figure 7, which gives 
pH 'values taken along the transect PQ, at the 
southernmost end of the bog, where the alder-fen is 
clearly defined and characteristic. 
Kerrick bogs 

Lake Margaret is a secluded spot, but easily acces- 
sible from the village of Kerrick, and the surround- 
ing bog is typical of many which may be found in 
Minnesota at the present time. It is characterized by 
the fact that the youngest bog stage consists of a 
floating moss-heath. Along parts of the margin of 
Lake Margaret, this mat is very narrow, as can be 
seen in Figure 8. Elsewhere it is wider, but it has 
everywhere the same major components, namely 
Chamaedaphne and Sphagnum recurvum. Vaccinium 
macrocarpon and V. Oxycoccus are also frequent. 
The most frequently occurring sedges are Carex 
paupercula and C. oligosperma. C. lasiocarpa if 
present at all is not conspicuous, and no inflores- 
cences of this species were found. 

In a number of places at the very water edge, 
there were occasional shoots of Typha and of Carex 
rostrata. The interest of this lies in the comparison 
with another bog about a mile to the south, which 
for convenience is here called- Kerrick B. Here, in 
walking out across the bog from the upland margin 
toward the open water, one crosses first of all a 
moss-heath of dense Chamaedaphne with much Poly- 
trichum strictum--an indicator of the drying out of 
a bog surface-then across a sharp transition into a 
zone of Carex rostrata, twenty meters or more in 
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FIG. 6. pH values and occurrences of species in quadrats along the transect AB on Pug Hole bog. 
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FIG. 7. pH values along the transect PQ on Pug Hole 

bog. 

width, and finally to the youngest bog stage domi- 
nated by Typha latifolia. It therefore seems quite 
possible that the Lake Margaret bog may develop in 
the same way as that at Kerrick B. 

The bog-forests at Lake Margaret are dominated 
by Picea mariana, and in the area lying westward of 
the S.W. corner of the lake, there is a mature stand 
of pure spruce which does not seem to have suffered 
from any removal of timber. The light intensity 
inside this stand is low, and the ground flora cor- 
respondingly poor. Larix is a relatively unimportant 
component, though it occurs throughout the fringe 
of bog-forest nearest the lake; there is no Larix zone, 
and in general, there are no early stages of the bog- 
forest to be found here. 

The marginal fen is well shown, especially by the 
stretch of bog at the S.E. corner of the lake; on the 
west side it is being invaded and in places obliterated 
by the more acidiphilous communities which are 
pushing outwards to the surrounding upland. 

In a patch of bog which stretches south from the 
lake towards Kerrick, there has been removal of 
timber, leaving a secondary moss-heath in which 
Ledgm is the most prominent species. 

Determinations of pH were made as at Cuyuna, 
by taking six peat samples from each of a number of 
quadrats, and two colorimetric determinations of the 
lake-water were made. The results were as follows: 

pH 
1. Lake water (colorimnetric). Mean of 2 samples .. 5.0 
2. Moss-heath. Mean of 6 samples ...... ........ 4.30 
3. Picea forest. Mean of 6 samples ..... ........ 4.14 



April, 1949 THE Boos OF CENTRAL MINNESOTA 183 

4. Marginal fen. Mean of 6 samples ...... ...... 5.03 
5. Mineral soil. One sample ........ ............ 5.25 
6. Old Picea forest. Mean of 6 samples ..... .... 4.22 
7. Secondary moss-heath. Mean of 6 samples .... 4.02 

Sites 1 to 5 lay on a line running roughly S.E. from 
the lake margin to the upland at the S.E. corner of 
the lake. 

These figures make it reasonable to call this an 
"acid bog," and, as in the Cuyuna Larix zone, the 
Sphagnum of the spruce forest is not a thin skin, 
but extends deeply. Samples were taken with a peat 
borer near the site of quadrat 3 in the series de- 
scribed above, and the peat profile so revealed may 
be summarized thus: 

Depth from 
Surface in Feet Nature of Material 

0- 5..... Fresh Sphagnum peat 
5- 9..... Sphagnum present, but Monocotyledon- 

ous remains frequent 
9-17 .... Highly humified peat passing down into 

organic mud with an increasing silt 
content 

Below 18 .... Sandy silt 

Evidently Sphagnum has played an important part 
in the succession at this locality. 

AIL~~~~ 

~ ^ 

fi 

__~~~~~~~~~~~~~~~~~~0 

Fi. 8. Part of the water margin at Kerriek (Lake 
Margaret), showing narrow zole of moss-heatlh, with 
Chanaedaphne at the water edge. 

DISCU8so0N 

There is clearly a great difference between Cedar 
Creek bog and Lake Margaret bog, yet the other 
examples form a bridging series from one to the 
other. It appears also that a succession from open 
water to bog-forest mnay occur, without involving any 
successional stage in which acid peat is formed, al- 
though one may recognize, to speak loosely, a "tend- 
ency" toward the development of acidity, so that even 
at Cedar Creek it is possible to find Sphagnum 
inagellanicum in the Thuja forest. 

Nevertheless, the bogs may be considered as all 
belonging essentially to the same type, if one recog- 
nizes the factors which encourage the development 
of acidity, and realizes that these factors, singly or 
in combination, may vary in intensity. It matters 
little whether or not this idea is accepted, since it 
is merely a way of looking at the subject, but on the 
other hand there is some ecological importance in 
correctly recognizing the factors just mentioned. 
Thus, there are at least four conditions which en- 
courage the establishment of plants which form acid 
peat, and the subsequent spread of acidiphilous com- 
munities. These conditions are as follows: 

(1) Wheni the Waters of the lake are relatively poor 
id bases. 

If a bog succession begins in a lake whose waters 
are already fairly acid, the entry of acidiphilous 
phases of the succession will clearly be more prob- 
able. At Kerrick the lake-water had a pH of 5.0, 
in contrast with the value of almost 7.0 at Cedar 
Creek, and correspondingly the Kerrick succession 
has been imarkedly acidiphilous in character. Another 
bog, Lesser Tamarack, was of the same general type 
as Kerrick, and gave a pH value of 3.5 for its open 
water. 

The base-content and pH of any small lake will 
be determined by a complex of factors. It will de- 
pend in part on the chemical characters of the soil 
and rock fromt which the drainage water is derived; 
in part on the rate of inflow and outflow of water, 
an(l the relation of this to the total volume of the 
lake wnter; in part on the ratio between the water 
receivedl from drainage inflow and that derived di- 
rectly from precipitation. Thus for example. one may 
contrast the state of Cedar Creek lake, which is 
swall in volume mnd has both inflow and outflows, 
with Pug Hole lake, wvhich is large in area, and has 
no outflow. It would he of Imuch interest to collect 
statistical data concerning on the one hand these 
topographical features of the lakes and the resulting 
pH values of the water, and on the other, the rela- 
tion of the pH values to the associatedl types of bog 
succession. 

Some very interesting results given by Thiel (1930) 
p)rovidle sonei inforimmation concernimmg the variability 
of lake waters in relation to their calciumim content 
and to other factors whivlcl determine wihetimer or not 
the calcium shall be deposited as marl. Thmiel rives 
a map of Minnesota showing all the localities fromm 
which he recorded umarl beds. The niap shows two 
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egions of maximum density of such localities, the 
irst lying across the proximal end of the Grantsberg 
sublobe of the young Grey drift (calcareous), the 
second lying north and north-west of Mille-Lacs on 
the young Red drift (relatively non-calcareous). The 
second area of concentration seems anomalous and 
Thiel brings forward other data and offers explana- 
tory hypotheses which need not be discussed here. 
The main point which is relevant is that the lime- 
content of the lake-deposits, and hence, probably, the 
pH of the lake-water, is not simply related to the 
nature of the glacial deposits immediately surround- 
ing the lake basin. Such a conclusion is of course 
what would be expected on the basis of the premises 
stated in the preceding paragraph. 

(2) When a pioneer-mat is large in area. 
This point again would require quantitative and 

statistical treatment to make it more than a sugges- 
tion, but it certainly seems the easiest hypothesis to 
explain, for instance, why at Cuyuna there should be 
acidiphilous communities on some radii and not on 
others. A study of this bog strongly suggests that 
where the pioneer mat has spread rapidly and is 
wide, the central parts of it have been shielded from 
the direct influence of the lake water, but that where 
the mat is narrow, the acid-forming Sphagna have 
been excluded by the free access of water with a pH 
above 6.0. It seems likely that the extensive moss- 
heath of Pug Hole bog has been encouraged in the 
same way. 

(3) When partial drying of the pioneer mat has 
occurred. 

The surface of a pioneer-mat tends to rise higher 
than the water table level by the natural processes of 
peat accumulation, but it may suffer a relative rise 
in much less time if the water level falls for any 
reason. To an ecologist, these bogs all bear the 
strongest impression of fluctuating water levels im- 
posed on the general successional development of the 
vegetation. This will be discussed in its broader 
aspects later in this paper, but the relevant point 
here is the application of this idea to explain the 
frequent occurrence of the Kerrick (Lake Margaret) 
bog type, where the Chamaedaphne association forms 
the vegetation zone nearest the water. In these bogs 
there is no evidence that Chamaedaphne can act as a 
pioneer-mat former; in fact, the youngest shoots of 
the plant are always found away from the water 
margin. Gates (1942) states that "the association 
does not readily extend out into open water because 
the plants of Chamaedaphne are slightly heavier than 
water, consequently must be held up." 

Pearsall (1938) has described for British peats 
the acidifying effects of drying and consequent oxida- 
tion, and the phenomenon is of course generally rec- 
ognized. It is, therefore, only reasonable to seek an 
explanation of these marginal Chamaedaphne zones 
by considering them as relies from the dry years of 
the nineteen-thirties, when water table levels must 
have fallen over the whole region. 

The work of Buell and Buell (1941) at Cedar 

Creek bog gives a quantitative illustration of an 
actual fluctuation in water level in this region. They 
traced the recovery from a minimum level in the fall 
of 1934, the level in the fall of 1939 being over two 
feet higher. 

It is worth considering the figures for total annual 
precipitation for Minnesota since 1886; these are 
graphed in Figure 9. From them it is clear that the 
"dry thirties" were only the culmination of a long 
downward trend of average precipitation level, a 
trend which started about 1905. This long period of 
falling average must have been widely reflected in 
gradually sinking water tables in many of the smaller 
lakes of the region, and it is easy to see how the 
moss-heath species could have increased their rate of 
spread into the drying and hence increasingly acid 
pioneer-mats, until the latter were completely oblit- 
erated. The normal types of pioneer-mat have in 
most cases not yet re-established themselves in spite 
of the rise in precipitation rates since 1935, and this 
may be taken as an example of the inevitable time- 
lag between change of conditions and vegetational 
response. It looks very much as though Kerrick B 
is an exception to the generalization just stated, since 
it shows such an abrupt transition from old moss- 
heath to Carex rostrata and Typha zones, but unfor- 
tunately no data are at hand to confirm this idea. 

Precip? 
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FIG. 9. Average annual precipitation values for Min- 
nesota from 1886 to 1946 (from the U.S.D.A. Weather 
Bureau reports). 

(4) When trees have been removed in the early 
bog-forest stage. 

Sphagnum and Ericaceous species (especially 
Ledum), are normal components of the ground flora 
of the bog-forest, and the removal of the shade of 
the trees encourages both these groups to a marked 
degree. Thus the most extensive and dense areas of 
Chamaedaphne and its associates are usually found 
alongside roads and highways where burning or tim- 
ber removal have obviously occurred. It is in areas 
such as these that peat samples with the lowest pH 
values are found, as for example at Kerrick (mean 
value 4.02 in the secondary moss-heath) and Cuyuna 
(values of 4.20 and 4.08 in the Sphagnuum peat of 
the region labelled C in Figure 4). 

Presumably this factor is effective only in increas- 
ing acidity and not in initiating the change from 
circum- or sub-neutral conditions to acid conditions. 
In other words, acidiphilous species must already 
have been established before they can be encouraged 
by increased light intensity. Thus, for instance, in 
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many parts of the Cedar Creek Thuja forest where 
the ground flora is entirely basiphilous, it is doubtful, 
to say the least, whether Chamaedaphne, or even 
Ledum, would become dominant on the cutting out of 
the Thu ja. This type of ground flora in the bog- 
forests is, however. probably less common in central 
Minnesota, so that, broadly speaking, it is legitimate 
to consider tree removal as a factor which promotes 
the accumulation of acid peat. The phenomenon is 
of some interest in comparison with the parallel cases 
in Europe where removal of forest cover has led to 
the dominance of Calluna vulgaris. 

Having now described the factors which appear to 
be mainly operative in the central Minnesota area, 
the work of Kurz (1928) on certain bogs in Michigan 
must be considered. His data are concerned mainly 
with the part played by Sphagnum in bringing about 
acid conditions, but his discussion deals with rather 
wider aspects of bog ecology. Later on in this paper 
an account will be given of the results on pH ranges 
of Sphagnum in the Minnesota bogs; these results 
fall in exactly with those of Kurz. Moreover, the 
writer concurs in the general discussion given by 
Kurz, as far as he goes. He says "the relation be- 
tween the initial reaction of the free water and of 
the mat to the establishment of Sphagnum is still 
moot and needs more data." The present discussion 
has aimed at pushing analysis a little farther than 
has been attempted by Kurz. 

The fourth factor described above may be omitted, 
as being in a different category from the other three, 
since it only encourages and does not initiate the 
development of acid peat. The first three factors, 
however, may really be considered as exhibiting dif- 
ferent aspects of one general principle. This prin- 
ciple is that while Sphagnum may begin to grow in 
a medium which has a pH higher than the optimum 
for the species concerned, it cannot become dominant 
unless protected by some means from the continual 
access of water with a pH value much above the 
optimum. In other words, either the lake water must 
have a relatively low pH value to start with, or it 
must be kept out of contact with the incipient col- 
onies of acidifying Sphagnum, whether by the barrier 
of a large extent of pioneer-mat, or by the sinking 
of the water table to a sufficient depth below the peat 
surface. 

THE BOG COMMUNITIES 
THE PIONEER-MAT 

As the name itself implies, it covers the associations 
forming the floating mat which is the active agent 
in the process of "verlandung" in these lake hydro- 
seres. There are of course, plant communities which 
colonize the lake water before any floating mat is 
formed, for instance, associations of Potamogeton 
and Nymnphaea species, but it may well be doubted 
whether such associations are essential members of 
the hydrosere. 

Of the various types of pioneer-mat observed in 
these studies, the one dominated by Carex lasiocarpa 
is by far the most common. This appears to be the 

case in many of the bog areas of the northeastern 
UT.S.A., and hence the name "'sedge-mat" is frequently 
used in the literature as a general name for the 
earliest bog-forming stage. Since, however, what 
may be called the "functional importance" of the 
pioneer-mat in the hydrosere is the same whatever 
the dominant species, it seems useful to use a more 
elastic name in general discussions of the successions. 

One of the less comimon pioneer-mat formers in 
our area is Decodon verticillatus. Where it flourishes, 
it forms a dense tall growth and other species form 
a very small fraction of the total mass of vegetation. 
The best examples of a Decodon mat were seen at 
Stacey A and B, where there were complete zones 
surrounding the lakes. At Cedar Creek bog the 
Decodon is only dominant in one part of the bog, 
and appears to be recovering from a phase during 
which it has not been important. 

Typha latifolia is the dominant of an extensive 
mat at Kerrick B, and is probably colonizing open 
water in places at other localities, for example Cedar 
Creek, Floating Bog (Lake Itasca) and Cuyuna. 
Carex prairea is abundant in the mat at Cedar Creek, 
and appears to be the dominant of the mat at Grand 
Rapids C. 

No details were studied for the minor types of 
pioneer-mat just mentioned, but the Carex lasiocarpa 
mnats were more closely studied, and Table 3 gives 
frequency estimates obtained from quadrat lists. Al- 
together 50 species were recorded from the 48 quad- 
rats, but only 35 are given in the table, which 
excludes any species with an average percentage of 
less than 10, unless it had a percentage of over 20 
in some one locality. The species listed are divided 
into the three groups A, B, and C, on the basis of 
general experience of Carex lasiocarpao mats in this 
region as a whole. Within each group they are 
placed in the order of their total frequency. 

It is worth noting that the total number of species 
is much larger than that recorded by Woollett, Dean 
and Coburn (1925) for the sedge-mat of Smith's bog, 
Michigan, where from over 1,000 quadrats they listed 
only 29 species. It seems likely, since their data 
showed Dulichium arunidinaceum with a frequency of 
37 percent, that their sedge-miat was much younger 
than most of those which are here described. The 
only young stages in the Minnesota area-as judged 
by water-table level-were those at Cuyuna and Pug 
Hole. Even these were not widely different from 
the rest in floristic composition, and it is the general 
impression of homogeneity of these sedge-mats 
throughout the area, which justifies the presentation 
of an average percentage value in the last column 
of Table 3. 

In addition to this floristic uniformity, there is 
nearly always a fairly abrupt transition between the 
pioneer-miiat and the older seral stage which adjoins 
it. These two observations support the idea that 
favorable conditions for mat growth are not always 
present, but that when they do occur, growth may 
be rapid for a time, and then cease altogether for 
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TABLE 3. Frequency data for the species of Carex lasiocarpa mats. 

Twin Float- Twin 
Locality ................................................. Pug Lakes ing Lakes Total 

Hole A Bog F 

Number of quadrats ...................................... 8 10 20 10 48 

Carex lasiocarpa Ehrh. var. americana Fernald .............................. 100 100 100 100 100 
Lycopus uniflorus Mi chx ..70 90 70 57.5 
Menyanthes trijoliata L. var. minor Raf .. 80 100 40 55 
Aster junciformis Rydb ................................................... 40 40 20 60 40 
Potentilla palustris (L.) Scop .............................................. 12 90 10 28 

. Equisetum fluviatile L .................................................... 100 .. .. 10 27.5 
bD Calamagrostis canadensis (Michx.) Beauv ................. 40 70 .. 27.5 
< Salix pedicellaris Pursh. var. hypoglauca Fernald .............. 10 90 .. 25 

Ca >, Scutellaria epilobifolia A. Hamilton .................... 50 .. 20 17.5 
0 g Calliergon cordifolium* (Hedw.) Kindb .................. 40 .. 30 17.5 

? Mnium rostratum* Schrad ........................ 60 .. .. 15 
Hypericum virginicum L. var. Fraseri (Spach) Fernald . .......... 50 5 .. 14 
Typha latifolia L ............................ 30 .. 10 10 
Carex comosa Boott ........................... 30 .. .. 7.5 

X; Sagittaria latifolia Willd .................................................. 50 .. .. 12.5 
$MUtricularia intermedia Hayne ............................................. 40 .. .. .. 10 

D a3 h0 Dulichium arundinaceum (L.) Britton ...................................... 25 10 .. .. 9 

Drepanocladus aduncus (Hedw.) Warnst. var. Kneiffii (Bry. Eur.) Monkem. *. . 80 85 90 64 
Campanula uliginosa Rydb .. 80 75 50 51 
Bryum bimum* Schreb .. 30 75 90 49 
Lysimachia thyrsiflora L .. 60 55 70 46 
Galium triftdum L ................................. .................... 80 .. 100 45 

' Drepanocladus aduncus (Hedw.) Warnst. var. typicus (Ren.) Wynne.* ... .... 40 45 80 41 
< a3 Viola pallens (Banks) Brainerd ..................... 70 .. 70 35 

X Epilobium leptophyllum Raf ....................... 10 45 70 31 
I. Impatiens biflora Walt ......................... 70 30 20 30 

_ Cicuta bulbifera L ........................... 70 25 20 29 
_ Triglochin maritima L ......................... 40 75 .. 29 

0 Muehlenbergia racemosa (Michx.) B.S.P .................. 10 25 50 21 
0 Agrostis hyemalis (Walt.) B.S.P ..................... 30 .. 40 17.5 
o Scheuchzeria palustris L. var. americana Fernald .............. 10 50 .. 15 
Z Drepanocladus vernicosus* (Lindb.) Warnst ................ 10 40 .. 12.5 
V Bidens cernua L ............................ 40 .. .. 10 

Dryopteris thelypteris (L.) A. Gray var. pubescens (Lawson) . ........ 30 .. .. 7.5 

another period of years, until favorable conditions 
occur again. 

THE MOSS-HEATH 
A Chamaedaphne association is the most common 

type of moss-heath in the area, and the chief mosses 
accompanying the Chamaedaphne are always, as far 
as observation went, Sphagnum recurvum and S. 
magellanicumn. However, as has been described al- 
ready, Andromeda and Aulacomium palustre were the 
main components of the Lake Alice mnoss-heath, and 
Vacciniurn macrocarpon with Sphagnutm subsecundurm 
formed the younger zone of the moss-heath at 
Cuyuna. 

Table 4 gives frequency data from quadrat lists 
taken in Chamaedaphne-Sphagnum associations at 
three different localities, and though the three were 
not precisely similar, it is convenient to show the 
average percentages, since these do express the gen- 
eral floristic character of the Chamaedaphne asso- 
ciation of this region. The Kerrick moss-heath does 
not appear to have suffered froni burning, and is a 
type of common occurrence at present, for reasons 

which have been discussed already. Another very 
good example may be seen at Grand Rapids B, just 
east of Pug Hole. The moss-heath at the latter place 
may have suffered slight burning, and is of a thicker 
and drier type with much Polytrichum strictumr. This 
species is a normal component of the moss-heath, but 
remains in small quantity, unless the bog surface 
suffers burning or considerable drying, in which case 
Polytrichum strictum becomes very conspicuous. Les- 
ser Tamarack bog is of the same general type as 
Lake Margaret, but there is some evidence that trees 
have been removed and that the rather extensive 
moss-heath is secondary in nature. 

Table 4 shows a clear justification for the name 
"moss-heath," since, with only one exception, every 
species with an average frequency over 20 percent is 
either a heath or a moss. One qualification must be 
made, however, which is that Carex lasiocarpa may 
occur, as a relic of the pioneer-mat stage; it occurs 
in fact with an average frequency of 32 percent. 
This and other relics of the pioneer-mat are not 
included in Table 3. Apart from Carex lasiocarpa 
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TABLE 4. Frequency data for the species of moss- 
heaths. 

Kerrick LAN" 
Llcality ...... ........... (Lake Pug Tama- Total 

Margaret) Hole rack 

Number of quatrat.. 50 38 20 108 

ChamaedapAne calyculda (L.) Moench. 
var. anguatifolia (Ait) Rehder....... 92 95 100 94 

Sphagnum recuruum Beauv ............. 98 68 100 88 
8. magcUanicum Brid ... ............. 30 95 80 62 
Polytrichum #tridtum Banks........... 14 97 100 59 
Vaccinium Ozycoccus L ................ 65t 39 10 54 
Aulacomnium palusre Sahwe u . ........ . . 68 55 34 
Andromeda glaucophula Link........... 12 45 50 31 
Cares oligoeperma Mich............... 56 .. .. 26 
Polptrichum commune L ................ 36 18 10 25 
Kalmia polifolia Wang ................. 28 16 5 19 
Cares paupercula Michx ................ 36 .. .. 17 
Spraea tomenlosa L. var. romea (Raf.) 

Fernald......................... 2 .. 20 17 
Sphagnum capiliaceum (Weis) Schrank . 2 23 35 16 
Eriophorum Pirginicum L .............. 26 5 13 
Bduk pumila L. var. glandulifera Regel .. . 26 .. 9 
Droeera rotundifolia L ............... . .. 50 9 
Ledum groenlandicum Oeder ............ 12 5 .. 7 
CaUa palustri L.16 .7 

Pleurosium schreberi (Brid.) Mitt. ... . 5 30 7 
CaUiergon eiramineum (Dickl.) Kindb. 12 .. .. 6 
Vaccinium macrocoarpon Ait . 81.... . t 5 
Drwopteris pinuloaa (0. F. Mueller) 

Watt ........................... 2 8 5 5 
Sarraceniapurpurea L2 ................ 2 3 . 2 

tOut of 20 quadrats 

none of them has a frequency above 15 percent. 
The low frequency of Vaccinium macrocarpon may 

seem surprising, since it is well known as being 
highly characteristic of acid bogs. The explanation 
probably lies in the fact that it is a pioneer species 
of the advancing moss-heath, and becomes crowded 
out in the mature stages, so that random sampling 
of a large moss-heath area is not likely to give high 
frequencies for this species. 

Betula pumila var. glandulifera is included as a 
member of the moss-heath community, although its 
ecological status does not seem clearly definable at 
present. It may in some cases form a zone in which 
it is itself dominant; such a case was seen at Cuyuna, 
but there was every appearance here that the domi- 
nance of the Betula followed secondarily after the 
removal of bog-forest trees. Gates (1942) recognizes 
it as a dominant of a "High Bog Shrub" association 
in Michigan bogs, but in the Minnesota area it accords 
better with general observations to retain it as a minor 
associate of both the moss-heath and the bog-forest 
stages. 

Lastly, we may note the small number of species 
with frequencies of 25 percent or over-9 are given 
in Table 4, and Carex lasiocarpa would make the 
tenth. This figure, compared with that of 19 from 
the sedge-mat data of Table 3, must be a reflection 
of the relatively high acidities of the surface peat in 
these communities, which exclude all but the small 
number of acid tolerant species. 

THE BOG-FOREST 
A superficial survey of a large number of bog- 

forests might lead to the conclusion that they show 
marked variations in type. Thus, for example, the 
mature stage may be dominated either by Thuja or 
Picea; the ground flora may present a considerable 
variety of aspect and the indications of final climax 
stages may differ from each other. 

These variations do indeed exist, but just as with 
the successions as a whole, so with the bog-forests, 
it is impossible to classify them into separate types, 
for they grade into one another in such a way as 
to defy classification. It is, therefore, easier to dis- 
cuss the characteristics of the bog-forest considered 
as a unity rather than as a number of discrete types, 
though for convenience the different stages of ma- 
turity may be considered under separate headings. 

(1) Invasion stoges 
Good examples of forest invasion may be seen at 

Pug Hole, Cuyuna, Lake Alice and Foating bog 
(Lake Itasca). The successful invader is always 
Larix laricina. At first, only a few of the invading 
seedlings survive to maturity, and these isolated indi- 
viduals long remain conspicuous. The Lake Alice 
bog illustrates this point very well. Later, however, 
there seems to be a "mass invasion," and the southern 
end of the Pug Hole moss-heath seems to be at just 
this stage at present. Nevertheless, even an invasion 
of this kind does not guarantee that bog-forest is 
finally established, for it is possible to find places 
where a whole zone of younig tainaracks has died. 
Such a case is illustrated in Figure 10, which is taken 
in the marginal zone of the bog-forest of Floating 
bog. The trees, which are here shown dead, form a 
small part of a zone of invading tamuaracks, which 
in 1939 were alive and flourishing, and fringed the 

Fw;. 10. Zone of dead taniar:acks between the bog for- 
est and the lioIneer-mat at Floating bog, Itasea Park. 
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bog-forest nearly all the way round. In 1947 all the 
trees of this zone were dead. This can almost cer- 
tainly be attributed to rising water levels in the bog, 
though the data needed for proof are not available. 
Very much the same can be seen at Cuyuna in the 
moss-heath outside the Larix forest. Here a new 
invasion has already begun, as shown by the quite 
young saplings (up to 8 feet high) which are fre- 
quent among the taller dead trees. 

In spite of such set-backs however, the establish- 
mnent of bog-forest appears to depend solely on the 
ultimate success of Larix in the invasion zone. Thus, 
although huge numbers of Thuja seedlings are found 
inside a Thuja forest, during the whole of a year's 
field work only one seedling of Thuja was ever seen 
outside the margin of a bog-forest (and this one, 
oddly enough, was at Pug Hole, where there is no 
mature Thuja forest in the immediate surroundings). 
Again, while Picea seedlings and saplings may some- 
times be found on moss heaths or pioneer-mats out- 
side the bog-forest, no instance was observed in 
which this species appeared to have established, or 
to be establishing, a primary bog-forest without the 
interposition of a Larix phase. Apparent exceptions 
to this may be seen where Picea is regenerating in 
an area of secondary moss-heath. 

This difference between Picea and Larix in their 
capacity for invasion may be tentatively explained in 
terms of two physiological differences, shown by the 
two species in the early stages of the life-history. 
One is that the root systems of Larix seedlings are 
tolerant of a greater degree of submergence than 
those of Picea seedlings. This difference is indicated 
by the data in Figure 11, though obviously the latter 
are statistically inadequate. General observation sug- 
gests that such a difference could be experimentally 
demonstrated. The other feature is a difference in 
growth-rate which may easily be deduced by examin- 
ing the annual rings in stems of young Picea and 
Larix of the same height, or by comparing the ring- 
widths in stems of the same diameter. Thus to take 
an example, a Larix tree of 14 feet in height was 
17 years old; a Picea tree of 17 feet in height was 
137 years old. 

The results expressed graphically in Figure 11 
were obtained in the moss-heath zone at Pug Hole, 
in the region of active forest invasion. One may 
conclude from these data that the roots of the bog 
birch may remain alive at a much greater depth of 
submergence, and that its shoots show a more rapid 
growth in height in the first 4 years, when com- 
pared with the main bog-forest species; it also 
appears that Abies seedlings make slower growth 
than those of Picea and Larix, and that their tap- 
roots are more deeply penetrating. The older ones 
among these Abies saplings probably germinated dur- 
ing the period of lower water table already discussed, 
and are now suffering from the killing of large parts 
of their root systems by rising water levels. Signif- 
icantly also, their shoots in many cases are being 
smothered by a luxuriant growth of Sphagnum. 
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FIG. 11. Diagram to show the data collected at Pug 

Hole bog for ten seedlings of each of four species. Each 
drawing shows the total length of root and shoot and 
the relation to the soil surface (horizontal are) and water 
table (w.t.). Where the root ends in an interrupted 
line, this indicates that only part of the root system 
was dug out of the ground. The horizontal hatching of 
the root axis represents the depth to which the roots 
were still alive. The numbers give the age of the seed- 
ling as derived from ring-counts. Vertical scale 1/40 
natural size. 

(2) The mature bog-forest 
While it seems that Larix never remains perma- 

nently as the bog-forest dominant, it may be a long 
time before it is finally ousted by either Picea or 
Thuja. It is generally stated that Thuja will not 
grow on acid peat, and this certainly holds good for 
central Minnesota, where the species was never found 
on a bog where there was evidence that a moss-heath 
stage might have occurred. On the other hand, the 
behavior of Picea is not by any means the converse 
of that of Thuja, since Picea forests were common 
in bogs without any trace of previous acid stages, as, 
for example, at Hinckley and at places in Itasca 
Park. Moreover, Picea and Thuja sometimes occur 
as codominants. 

On the whole, Picea forests seemed to be of much 
more frequent occurrence than Thuja forests, and for 
this reason it was easier to find examples which 
showed the successional history of the forest. Two 
studies were made in the Itasca Park region, to pro- 
vide illustrations of this "historical structure." 

The first was carried out at the Lake Alice bog, 
and the results are shown in Figure 12. The pro- 
cedure was to mark out a line from the pioneer-mat 
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FIG. 12. Results of a transect made across the bog communities at the Lake Alice bog. The girth at breast 
height is recorded for all the trees within each strip of five paces in length and two paces in width, along the 
length of the transect. Any youag tree between 6 inches and 6 feet high is recorded as a sapling. 

through the forest zones to the bog margin and then 
to work along the line measuring girths of trees (at 
breast height) and noting saplings, for consecutive 
strips of five paces (approximately yards) along the 
line, and two paces wide. Thus a crude belt transect 
of the forest was obtained, and since the diameter 
(and hence girth) of trunk will be roughly propor- 
tional to age for any one species, the resulting dia- 
gram gives a picture both of tree density and of 
age-class for the different species along the transect. 

Reading the diagram from right to left, one may 
distinguish: 

(1) the moss-heath zone, with saplings of both 
Picea and Larix. As already described, this 
zone contained a few isolated mature tamaracks, 
but none occurred on the transect. 

(2) a wide belt of Larix as the dominant, but 
with some mature spruce trees in it, and an 
abundance of spruce saplings. 

(3) a zone of spruce dominance, without any live 
tamaracks, and 

(4) a zone of invasion by Abies balsamea. 
The successional story speaks for itself, but the 

ecological difference between Larix and Picea in re- 
spect to shade tolerance of the seedlings is worth 
emphasizing; the complete absence of Larix repro- 
duction inside the forest is really striking. The other 
point of importance is the relatively abrupt transition 
between the zones. 

Figure 13 gives the second set of data, taken this 
time from Twin Lakes F. The successional story is 
the same, but caught, so to speak, at a slightly dif- 
ferent phase. Here again there is Piceca invasion 
into the Larix zone, but no Picea saplings have 
yet reached maturity. Correspondingly, the Piceca 
zone included in it a few still living Larix trees, tall 
and old, of which only one occurred on the transect. 
Abies again dominates the oldest stage, though there 
Fraxinus nigra is also colonizing actively. The Pinus 
strobus which formed the starting point of the tran- 
sect is growing at the junction of bog and upland; 
there was no marginal fen here. 

The sedge-mat of this bog was complete, leaving 
no open water, and in it were a few Larix saplings. 
These may be seen in Figure 14, just projecting from 
the sedge-mat vegetation, and one occurred on the 
transect. The extremely abrupt margin between 
bog-forest and sedge-mat is clearly shown in this 
photograph, and as at Lake Alice, the forest zones 
themselves are clearly demarcated. 

The characteristics of the ground flora may be 
judged from Table 5, of which the first two lists 
give the species most commonly occurring in the 
mature bog-forest. In each list the species are 
placed in order according to the sum of their per- 
centages, and no species is given which has a sum 
lower than 17.5. The separation into these lists is 
based on general field experience of the species con- 
cerned, and although it is arbitrary, since a species 
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placed under one heading might also be placed under 
another, it puts the frequency data in the most con- 
venient way. 

Perhaps the most noteworthy feature is the broad 
distribution and high frequency values of the more 
acidiphilous species; such data form the basis for the 
previously expressed idea that there is a strong 
"tendency" toward the development of acidity even 
in apparently non-acid successions. 

List F gives data on tree seedling frequencies and 
bears out the conclusions which may be derived from 
the frequencies of saplings in the transect data. In 
particular, Larix seedlings were not once recorded 
in the bog-forest quadrats. A further point of note 
is that Thuja seedlings were absent in the Boutwell 
Creek bog, although Abies seedlings abounded. The 
tree cover was thin in this area, due to earlier re- 
moval of timber, and it may be that the light inten- 
sity was too high for the reproduction of Thuja. 
Certain other species of the ground flora here were 
also anomalous, in the sense that they were not 

found in any other bog-forest and are characteristic 
members of the neighboring forests on mineral soils. 
The species concerned were Carex pedunculata Muhl., 
Dryopteris phegopteris (L.) C. Chr., Ribes triste 
Pall., and Hylocomium triquetrium* (L.) B. & S.; 
they have not been included in Table 5. 

(3) The latest stages 
From the data given in Figures 12 and 13 it 

appears that Abies balsameea will probably become 
the forest dominant in succession to Picea at the two 
localities concerned, and the same could be said of 
many other Picea forests. Abies is also invading the 
mixed Picea-Thuja forest which occurs at Grand 
Rapids C. However, at Kerrick B there was a good 
growth of Pinus strobus and Betula papyrif era on 
peat, and at Floating bog, and other localities also, 
Fraxinus nigra is an important component of the 
oldest bog-forest. The question of the ultimate climax 
of the bog succession is a large one, and could not 
be studied in the time available. It must suffice to 
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FIG. 14. View across the completed sedge-nat at Twin Lakes F, to illustrate the abrupt margin of the bog- 
forest. Carex roqtrata is abundant in the foreground, but most of the mat is formed by C. lasiocarpa. 

say from superficial observation that possibly many 
bogs in central Minnesota may end by carrying an 
Abies balsamea climax similar to that so widely occur- 
ring in the northern coniferous forest region. There 
is, on the other hand, little if any evidence that the 
other main climax of central Minnesota-the Maple- 
Basswood type-will ever establish itself on bog sites. 

THE MARGINAL FEN 

Although this community is characteristic of bogs 
in general, and clearly recognizable when it is pres- 
ent, it is very variable, and hence cannot easily be 
described in general terms, nor illustrated by the 
description of typical examples. This variability is 
partly due to the marginal position which makes it 
liable to disturbances and alterations through human 
activity. Thus for example, in long established mar- 
ginal fens, fine trees of Fraxinu.s nigra may be found, 
but these are often cut out. Again, it is not uncom- 
mon to find that ditches have been dug between the 
upland and the rest of the bog. Another practical 
difficulty for a research worker comes from the ex- 
tremely awkward and treacherous nature of the 
ground, and the frequent dense growth of alder 
thickets. For these reasons it was not possible to 
make adequate frequency studies in the time available. 

Alnuts incana is the most characteristic species, but 
may sometimes be absent through cutting, or perhaps 

burning, and also when Fraxiwets ?sigra becomes domi- 
nant. A very good example of marginal fen with 
dominant Fraxinus may be found along the west side 
of Hinckley bog. 

The ground flora varies considerably, according to 
the density of tree or bush growth, but very com- 
monly has Carex riparia as the most important spe- 
cies. Carex rostrata is sometimes abundant, and a 
great variety of other sedges could be listed. Calarna- 
grostis canadensis and (lIceria canadensis are 
frequent, together with a long list of basiphilous 
hygrophytes, such as Impatiens biflora and Viola 
pallens. Brvophyta are varied in species, but not 
important in volume. 

Early stages of the marginal fen region would be 
interesting to see, but are naturally not easy to find, 
since it is the oldest region of any bog. However, 
at Pug Hole, where the bog is extending up the 
length of a narrow lake, instead of growing centrip- 
etally, as more usually occurs, there are young 
stages of marginal fen between the Carex lasiocarpa 
mat and the upland boundary of the bog. The tran- 
sect shown in Figure 6 crossed the zone, which has 
been labelled "marginal caricetum," since Alnus is 
not yet established there. The zone is narrow in 
mnost places, commonly about 8 to 10 feet wide, and 
is dominated by mixtures of sedges; the most corn- 
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TABLE 5. Frequency data for the species of bog-forests. 

Locality...............Lake Cedar Lake Twin Boutwell 
Cuyuna Alice Hinckley Kerrick Creek Alice Lakes F Creek 

Bog-forest stage ........... Early to Mature 
Early Mature Mature Mature to Late Late Late Late 

Dominant ....;.........Larix Larix Picea Picea Thuja Picea Picea Thuja 

Number of quadrats.........10 7 40 40 40 12 10 12 

A. Species found throughout the bog-forest, 
but tending to diminish or disappear 
in the later stages. 

Sphagnum recurvum Beauv ...........80 86 100 95 12.5 25 90 33 
S. magellanicum Brid..............100 57 37 100 40 33 30 25 
Ledum groenlandicum Oeder ..........10 100 77 57.5 20 75 10 25 
Aulacomnium palustre Schwaegr.........70 70 60 7.5 30 33 60 25 
Vaccinium Oxycoccus L.............80 70 67 27.5 5 16.5 10 8 
Pleurozium schreberi (Brid.) Mitt.* . 3 ........ 3 22.5 32.5 17.5 33 50 25 
Mnium rostratum* Schrad.......... . .. 12.5 . 27.5 8 80 75 
Smilacina trifolia (L.) Deaf............14 67 47.5 2.5 .. 40 16.5 
Dryopteris Thelypteris (L.) A. Gray var. 

pubescens (Lawson) A. R. Prince ..... . .. 50 2.5 62.5 . 40 
Carex leptalea Wahl...............14 25 .. 60 .. 10 25 
C. trisperma Dewey ..............10 30 55 10 5 .. 60 8 
Brachythecium rutabulum* (L.) B. and S .....20 14 5 .. 25 8 30 16.5 
Hypnum patientiae* Lindb ............14 2.5 .. 5 16.5 50 
Lonicera.villosa (Michx.) R. and S.........14 32 .. 10 32 
Climacium americanum* Brid ......... . 14 . .. 20 8 20 25 
Camptothecium nitens* Schimp...........14 27.5 .. 2.5 .. 40 
Dicranum undulatum* Ehrh...........20 43 12.5 7.5 
Carex brunnescen~s (Pers.) Poir ........ .. S ..60 
Trientalis borealis Raf ........... . .. 20 5 42.5 
Calliergon cordifolium* (Hedw.) Kindb....... 22.5 .. 17.5 .. 20 
Sarracenia purpurea L ........... . .. 57.5 .. . 

Sphagnum plumulosum* Roll .. 29.............298 20 
S. sq'uarrosum Crome ........... . .. 37 2.5 .. . 16.5 
Polytrichum strictum* Banks............38 5 20 . 

Sphagnum capillaceum (Weiss) Schrank . 1 ......1 30 7.5 
Pohlia nutans* (Schreb.) Lindb ............ 15 5 8 
Drosera rotundifolia L ........... . .. 27 . 

Polytrichum commune* L ............10 . .. 17 . 

B. Relics of pioneer-mat and moss-heath 
Chamaedaphne calyculata (L.) Moench. var. 

angustifolia (Ait) Rehder...........100 29 2.5 2.5 . 

Equisetum fluviatile L..............14 72 .. . . 10 
Betula pumila L. var. glandulifera Regel .....40 43 .. . . 8 
Potentilla palustris (L.) Scop...........28 15 .. . . 30 
Eriophor'um virginicum L............60 . .. 5 . 

Carex lasiocarpa Ehrh. var. americana Fernald. 50 14 . 

Menyanthes trifoliata L. var. minor Raf......14 27.5 .. 2.5 .. 10 
Kalmia polifolia Wang.............50 . .. 2.5 . 

A ndro Li nk ............Link.10 29 .. 2.5 .. 8 
Carex . ....................35 . . .. 

Drepanocladus vernicosus* (Lindb.) Warnst .28......28 
Sphagnum subsecundum Nees ......... 20 .. 

Drepanocladus aduncus (Hedw.) Warnst. var. . .. . .. 10 .. 10 1 
Kneiffii* (Bry. Eur..) Mbnke-n. 

C. Species characteristic of the later stages. 
Mitella nuda L.....................7.5 25 100 100 
Thuidium delicatulum* (L.) Mitt .............47.5 8 90 58 
Rubus pubscen~s Raf ....................16.5 90 75 
Cornu~s canadensis L............... 30 . 7.5 33 . 92 
Fragaria vesca L. var. americana Porter ......... 5 16.5 50 67 
Galium tri~florum Michx...................8 70 50 
Circaea alpina L ................ 0 5 
Linnaea borealis L. var. americana (Forbes) . . . . . . 0 5 

Rehder...................14 5 . .. 50 10 33 
Aralia nudicauli~s L...................12.5 16.5 20 58 
Cornus stolonifera Michx.................15 25 50 16.5 
Thuidium virginianum* (Brid.) Lindb....... 17.5 60 16.5 
Chiogenes hispidula (L.) T. and G......... 32.5 10 8 20 16.5 
Rubus idaeus L. (agg.) ............. 15 52.5 8 . 8 
Vaccinium angustifolium Ait........... 12.5 20 2.5 8 . 16.5 
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TABLE 5 (Continued) 

Locality . ........... Lake Cedar Lake Twin Boutwell 
Cuyuna Alice Hinckley Kerrick Creek Alice Lakes F Creek 

Bog-forest stage ................... Early to Mature 
Early Mature Mature Mature to Late Late Late Late 

Dominant ........................ Larix Larix Picea Picea Thuja Picea Picea Thuja 

Number of quadrats .10 7 40 40 40 12 10 12 

Coptis groenlandica (Oeder) Fernald ... .. .. .. .. .. 8 70 50 
Hypnum crista-castrensis* L ..................... .. 2.5 .. .. 40 
Pyrola secunda L .. .. ........................ 42 
Hylocomium proliferum* (L.) Lindb ... .. .. .. .. .. 8 .. 16.5 
Ribes lacustre (Pers.) Poir ....................... .. .. .. 10 10 2.5 
Bromus ciliatus L .............................. .. .. .. .. 10 10 

D. Species intolerant of soil pH values 
below 5.5 

Impatiens biflora Walt ........................ 70 .. 40 8 
Viola pallens (Banks) Brainerd ................ 20 45 .. 30 16.5 
Maianthemum canadense Desf . . 5 . 52.5 33 .. 16.5 
Bidens coronata (L). Britton .................. 37.5 
Carex riparia Curtis var. lacustris (Willd.) 

Kukenth .................................. 14 10 .. .. 10 
Lysimachia thyrsiflora L ...................... 32.5 
Polygonum sagittatum L ....................... 27.5 
Bidens cernua L ............................. 15 .. 10 
Caltha palustris L ............................ 14 10 
Saxifraga pennsylvanica L ..................... 2.5 15 
Leersia oryzoides (L.) Swartz .................. 17.5 .. 

E. Tree seedlings. 
Picea mariana (Mill.) B.S.P ................... 14 15 15 .. .. 10 8 
Thuja occidentalis L ............................ .. .. 65 
Fraxinus nigra Marsh .......................... .. .. 2.5 .. 20 33 
Abies balsamea (L.) Mill .. .. .................. 17 30 67 

mon are Carex strictior, C. rostrata, and C. riparia. 
Calamagrostis canadensis and Iris sp. (not seen in 
flower) were also common, while Carex lasiocarpa and 
Equisetum fluviatile are found as the transition to 
the true floating sedge-mat begins. 

Marginal fen is not found on every radius of every 
bog, and there are types of situation in which its 
absence can readily be explained. Thus, for example, 
there are localities in which the peat formed in the 
bog remains so close to neutral point throughout the 
bog succession that there is no contrast in pH between 
the main bog peat and that of the marginal region. 
At Cedar Creek, the marginal region even has a 
lower pH than the main mass of the peat below the 
bog-forest, and Thuja, the bog-forest dominant, ex- 
tends to the mineral soil margin, though a few alders 
can be found to indicate the marginal nature of the 
region. 

Then again, as at Kerrick, the drainage water from 
the surrounding upland may be insufficiently rich in 
bases, or too small in quantity when the relief is very 
low, to maintain high pH values in the marginal 
region against the acidifying activity of Sphagnum 
from the more central bog areas. In such cases, moss- 
heath may be found invading the marginal fen, 
followed by bog-forest species, and sometimes the 
invasion may be carried right out to the upland mar- 
gin and the marginal fen is thus entirely superseded. 

AUTECOLOGICAL NOTES 
The scattered comments which are collected in this 

section are not intended to give an all-round auteco- 
logical account of any of the species mentioned. In 
the first place, it is only the behavior of the species 
while growing on peat bogs that is considered. Thus, 
for example, although Thuja occidentalis grows on 
limestone bluffs and other types of mineral soil, its 
behavior in such habitats is not considered at all here. 
Secondly, various aspects have been dealt with by 
other authors, and no attempt was made to collect 
parallel data in Minnesota. An example of such an 
aspect is the question of mycorrhiza-its presence or 
absence in the various bog species. Then again, a 
number of observations which have been made in the 
Minnesota area are not new but only confirm similar 
observations made in bogs of other regions, more 
especially by Cooper, Gates and Kurz. They are 
described here in order to give some measure of the 
ecological similarity of the bogs of Minnesota to those 
in other parts of the U.S.A. 

PICEA MARIANA AND THUJA OCCIDENTALIS 
In dealing with the mature bog-forest community, 

the pH ranges of these two species were mentioned 
briefly. It seems worth while to enquire more closely 
into the fact that either species may be dominant in 
the less acid peat, and that they may be codominant 
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occasionally. One may well ask, in relation to any 
particular bog which lacks strongly acid stages, what 
ecological conditions determine the dominance of one 
or other species or whether chance plays the major 
part in the determination. 

Some small experiments were carried out in the 
laboratory to confirm or extend the field observations 
on pH tolerance. First, there were trials with Thuja 
seedlings. Seeds could not be found, but large num- 
bers of first-year seedlings could be collected from 
Cedar Creek bog, and these were placed with their 
roots in buffer solutions, one batch in a solution of 
pH 6.2, the other in a solution of pH 4.2. After 
four days the first batch was much more healthy than 
the second. The buffer solution of pH 4.2 was a 
phthallate mixture, and as it could have been that 
the phthallate was more toxic than the phosphate 
mixture used for the solution of pH 6.2, a phthallate 
mixture of pH 6.2 was given to the seedlings pre- 
viously in the phosphate mixture. They did deteri- 
orate gradually, but not nearly so rapidly as the ones 
in the solution of pH 4.2. The experiment was 
repeated, this time using four batches of eight seed- 
lings each, in the four following solutions: acetate 
mixtures of pH 4.2 and 6.2 and phthallate mixtures 
of pH 4.2 and 6.2. All the seedlings in the more 
acid solutions were discolored within three days. In 
the less acid solutions about half the seedlings ap- 
peared unhealthy after 4 or 5 days; there was no 
apparent difference between the effects of acetate and 
phthallate. The controls in tap-water remained 
healthy. These experiments confirm the conclusion 
that low pH is an adverse condition for Thuja. 

The corresponding experiments with Picea were 
carried out as germination tests with seeds. A pre- 
liminary test was made with sets of 10 seeds in each 
of a set of 8 solutions with pH values ranging from 
3.0 to 6.5. It was clear from this first trial that the 
percentage germination was higher and the growth- 
rate greater, the higher the pH value. Two more 
experiments were carried out, using contrasting solu- 
tions of pH 4.1 (phthallate mixture) and pH 6.5 
(phosphate mixture). The results are shown by the 
frequency graphs given in Figure 15. In Experiment 
1 an attempt was made to eliminate fungal attacks 
on the seeds by dusting them with copper sulphate 
powder beforehand. A large number of seeds showed 
a split testa but no further growth, and this suggested 
that the copper sulphate was toxic to the seeds, and 
the treatment was omitted in Experiment 2. The 
results could be taken to mean merely that sodium 
phthallate is more toxic to Picea seedlings than 
sodium phosphate, and further experimentation would 
be needed to meet this criticism. Assuming that it 
could be met, the conclusion is clear that Picea is 
not acidiphilous at all, but that it can tolerate acidity 
of a degree which cannot be tolerated by Thuja. The 
conclusion is supported by the observation in the 
field that Picea seedlings and saplings were much 
more abundant in the Larix dominated bog-forest in 
the Lake Alice bog where acidities were in general 

fairly low, than in the Picea forest at Kerrick, where 
the peat was everywhere acid. 

It would seem then, that if the two species are 
not complementary to each other, with respect to pH 
preferences, they must compete with each other for 
dominance on sub-neutral peat areas. Let us examine 
their distribution areas to see if they give any clue 
to the probable outcome of the competition. The 
distribution maps are given by Munns (1938). For 
both species the distribution area reaches a boundary 
in Minnesota which runs diagonally from northwest 
to southeast across the state, and must coincide fairly 
closely with the boundary of the area of study shown 
in Figure 1. The distribution area within the U.S.A. 
is roughly the same for the two species; the differ- 
ence between them lies in the huge westward and 
northward extent of the Canadian area for Picea, 
which is quite absent in the case of Thuja. How- 
ever, the central Minnesota bogs lie at some distance 
from the northern limit for Thuja, and there is no 
reason to think, just from looking at the distribution 
areas given on this continental scale, that the climatic 
conditions of central Minnesota are likely to favor 
one species rather than the other. 

NO Of Nlot Testa 
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FIG. 15. Results of germination experiments with 
Picea mariana. 

In fact, the first impression received from a study 
of these bog-forests is that the dominance of Picea 
or Thuja is decided mainly by chance. There is, 
however, one line of observation from which one 
muay tentatively suggest the limitations under which, 
to speak figuratively, chance has to work. This is, 
namely, the distribution of Thuja seedlings as it 
appeared during the fall of 1946 and the summer 
of 1947. They were, with one single exception, never 
seen outside the mlarg in of a mature bog-forest, not 
even in the stage of mass-invasion by Larix. On the 
other hand, they were extremely abundant on the floor 
of forests with Thuja as dominant or co-dominant. 
Picea seedlings and saplings, however, occurred fre- 
quently among the more rapid growing Larix trees 
of invading bog-forests, yet they were not of such 
frequent occurrence in mature Picea stands as T~huja 
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seedlings in mature Thuja stands. The seeds of par- 
ent plants at some distance are more likely to arrive 
in numbers on a pioneer-mat or on an open Larix- 
invasion zone, than on the floor of a mature bog-forest; 
hence, if the germination differences just discussed 
are general, and not a feature of one particular sea- 
son, Picea will have a greater chance of being the 
successor to Larix and will therefore become the 
dominant in a larger number of areas. On the other 
hand, in those places where a few Thuja trees do 
become established. they will be likely to reproduce 
more freely than Picea and so, in those few places, 
Thuja will end as the dominant of the mature bog- 
forest. 

This suggestion needs to be tested by experiments 
on the light and shade tolerance of the seedlings, as 
well as on other conditions for germination, and by 
long-term observations on the areas in which Picea 
and Thuja at present grow together. 

ERICACEAE 
It would be possible, by taking a broad view-point, 

to group together a number of Ericaceous species 
and to consider them as forming an ecological type, 
the "Bog Ericads." Such a group, in central Minne- 
sota, would include Chamaedaphne calyculata, Vac- 
cinium macrocarpon, V. Oxycoccus, Andromeda glau- 
cophyila. Kalmia polifolia, Ledum groenlandicum and 
Chiogenes hispidula. It is even possible to imagine 
that one might find them all growing together within 
the limits of a single meter quadrat. To look at 
them in this way, however, is to obscure the interest- 
ing and fairly obvious ecological differences between 
them. 

Take first, for instance, the two species of Vac- 
cinium. During this study, V. macrocarpon was only 
found in any quantity at Cuyuna and at Kerrick 
(Lake Margaret). In both these places V. Oxycoccus 
was also common, but it was dlearly growing further 
away from the water margin than V. macrocarpon, 
and was also frequent and characteristic inside the 
bog-forest, where V. macrocarpon was never found. 
The zone of overlap between the two species was not 
wide, usually less than a yard across, and Vaccinium 
Oxycoccus was never seen to play the part of a pio- 
neer of the moss-heath community. At Cuyuna, long 
runners of V. macrocarpon could be found pushing 
out ahead of the Sphagnum magellanicum; these run- 
ners were infrequently branched in the horizontal 
plane, though bearing vertical side-shoots. A num- 
ber of runners were pulled out and examined. One 
of them, for example, was 13.5 feet long from the 
apex to the point of breakage, carried 7 vertical 
lateral branches, had grown a length of over 2 feet 
the current season, and appeared to have all its live 
roots confined to the proximal 2 feet, where they were 
growing among Sphagnum plants. 

Andromeda, like Vaccinium macrocarpon, is char- 
acteristic of the youngest mioss-heath stages, though it 
survives longer. At Lake Alice bog, it was not only 
the dominant of the moss-heath as a whole, but also 
appeared to be invading the pioneer-mat, following 

closely behind Aulacomniuim palustre. This bog, as 
discussed earlier, shows only a moderate development 
of acidity, and in general, it seemed that Andromeda 
has a pH optimum rather higher than the optimum 
for Chamaedaphne. This is probably only another 
way of expressing the fact that Andromeda character- 
izes the younger stages of moss-heath formation, since 
the older a moss-heath, the greater its acidity, up to 
a limiting value of about 4.0. This is well illustrated 
by the Pug Hole transect in Figure 6, which shows 
the absence of Andromeda from the inner and older 
part of the moss-heath, dominated here by Chamae- 
daphne. 

Chamaedaphne is the characteristic dominant of 
the moss-heath in its mature and late stages and per- 
sists until a complete bog-forest cover is established. 
It is the most acidiphilous of all the species in the 
list given above (except perhaps for Chiogenes his- 
pidula, for which no observations on pH range were 
made), and was never found growing where the sub- 
surface peat has a pH value above 5.0. The plant 
appears not to be shade tolerant, however, for it thins 
out as soon as the Larix cover becomes at all dense, 
and its place is taken by Ledum, which seems, in 
contrast, to be intolerant of exposure and character- 
izes the bog-forest rather than the mioss-heath, though 
found occasionally in the latter. There is, however, 
a lower limit of light intensity for the growth of 
Ledgum, a limit which is passed in areas of very dense 
bog-forest, such as some parts of the Thuja forest at 
Cedar Creek bog, and the old Picea forest at Lake 
Margaret, though it remains flourishing in the brighter 
openings which occur here and there. The plant is 
nearly always associated with Sphagnum, and it is, 
therefore, possible that it requires an acid medium 
for its functional roots, though this point requires 
study. It can certainly grow in bog-forests which 
have not been preceded by a moss-heath (as far as 
may be judged by general observations) and in which 
the peat at the level of the water-table may have a 
pH of well over 6.0. 

Kalmia polifolia is highly characteristic of these 
bogs, but not present in any quantity. It appears to 
have much the same habitat preferences as Ledum. 

These ideas may be summarized crudely by the 
diagram given in Figure 16; the diagram must not 
be taken to suggest that the occurrence of Ericaceous 
species in the bog-forest is dependent on the previous 
existence of a moss-heath phase in the bog succession 
of which the bog-forest forms a part. As Table 5 
shows, species such as LDedum and Vaccinium Oxycoc- 
cus are characteristic of all types of bog-forest. 

Vaccinium Oxycoccus occurs in Britain, and there 
too it is highly acidiphilous. The British Andromeda 
polifolia closely resembles A. glaucophylla in habit, 
though it is smaller and less gregarious; it also in- 
habits peat bogs, and interestingly enough it has been 
dying out from Britain in the last hundred years, a 
fact which may well be causally connected with the 
extreme acidity which has developed in the surface 
peats of many British bogs as they have degenerated 
through draining, burning, and erosion. Perhaps the 
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most striking parallel, to a British ecologist, is that 
which may be found between Cha-naedaphne and 
Calluna vulgaris. Both are strongly acidiphilous, 
both vary in growth form from a sparse low growth 
to a dense bushy growth, and both are strongly en- 
couraged by burning and by removal of tree cover 
froni areas of suitable soil character. The outstand- 
ing ecological difference between them is that Cal- 
luna will grow on mineral soils, but they appear in 
other respects to be completely vicarious. 

A last but important point concerning these bog 
Ericads is that in the area under consideration, no 
seedling of any of the species was ever found, in 
spite of careful searching. Obviously, germination 
Ro1ust have occurred from time to time, to give the 
plants their present distribution, but it seems quite 
evident that vegetative reproduction is far and away 
more important at the present tine. This serves to 
explain the strongly gregarious growth which is 
shown by all the species, and also the apparently 
haphazard absence of species from bogs which would 
appear to afford all the right habitat conditions. 
Thus, for example, there is no obvious reason for 
the absence of Vacciniumn macrocarpon from the 
Lake Alice and Pug Hole bogs. The phenomenon 
clearly calls for intensive study of the conditions for 
germination, which might well throw some interesting 
light on the equilibrium or lack of equilibrium be- 
tween present climiatic conditions and the bog vege- 
tation of this region. 

lPIONEER-' 
MAT MOSS-HEATH BOG-FOREST 
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FIG. 16. Diagram to represent the ecological ranges 
of the bog-living Ericaceous species in the Minnesota 
bogs. 

SPHAGNUM SPP. 
The species of Sphagnum show an ecological diver- 

sity which makes them such valuable field indicators 
of habitat conditions that their importance to ecol- 
ogists can hardly be over-estimated. Moreover, since 
they are an old group with their species very widely 
distributed, they form a very valuable link in the 
comparison of partly similar vegetation types in 
widely separated continents. 

The data here collected show a close agreement 
with the findings of Kurz (1928) in his field studies 
of bogs in Michigan. Kurz also made an experi- 

niental approach to the phenomenon of the produc- 
tioIn of acidity by Sphagnum plants, a phenomenon 
which has been dealt with at greater length by other 
authors, for instance by Baas-Becking and Nicolai 
(1934), and much more fully by Ziegenspeck (1936). 
Though the exact mechanism of ion-exchange may not 
vet be known, it is perfectly clear from the work 
of these and other research workers that Sphagnum, 
and other mosses also, will alter the pH of the medium 
in which they are growing until the pH is within the 
range which is optimal for their growth. The initial 
pHi must not be so far from the optimum as to be 
toxic to the plant, but within fairly wide limits the 
species can "create" its own optimum, whether the 
initial pH is higher or lower than the optimum. 
This holds good not only for those with an acid 
optimum, but for basiphilous species also. 

The field observations made during the present 
study were entirely in accord with these findings, 
Ibotlh as to the general principle, and as to the be- 
havior of those individual species which were among 
those dealt with in the experiments of the authors 
mentioned above. It is for this reason that the word 
"acidifying" has been used for certain of the Sphag- 
nitrn species; acidifiers are of course acidiphilous, but 
the converse is not necessarily true. 

The species are dealt with roughly in the order of 
increasing acidity of their optimum. The majority 
of the pH data came from a set of observations taken 
in the bog-forest at Hinckley bog. 

(1) S. squarrosumn appears to flourish in sub- 
neutral situations and is moderately shade-tolerant. 
The greatest abundance of it that was seen was on 
the Cedar Creek sedge-miiat. It also occurs in mar- 
g-inal-fens, as at Pug Hole, where the pH was over 
6.0 (transect PQ). Three samples at Hinckley from 
just below tufts of S. sqiarrosum gave pH values of 
5.40, 5.48 and 6.33. The lowest value found for 
such a sample was 4.55, but in general the moss is 
not at all characteristic of acid situations. It is use- 
ful to ecologists as an indicator, especially as it is 
easily recognizable in the field, but it does not occur 
in sufficient bulk to be an important member of a 
plant community. 

(2) S. subsecutndumn. This species has been much 
split by some taxonomists, but Le Roy Andrews 
(1913) retains the name to represent a species, and 
there seems every justification for following his no- 
menclature since there was a close similarity between 
all the specimens except for a few plants found at 
Pug Hole, which were larger, and may have been a 
growth-forim or may need a different nomenclature. 
These were confined to a small area, and are not 
considered in the remarks which follow. 

This species again is easily recognizable in the 
field, and is characterized by a dirty olive green color 
when submerged, but a bright orange yellow color 
when exposed, at any rate in the fall season. It is 
found abundantly in the older parts of the Carex 
lasiocarpa miats at Cuyuna and Pug Hole. At both 
places it persisted in the moss-heath in hollows which 
reached close to or below the water table, where the 
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pH was probably higher than in the surrounding 
tussocks. It occurred also, though less abundantly, 
in the pioneer-mat of the Lake Alice bog. On the 
other hand, it was never found in the pioneer-mats 
of those bogs which could be called "circum-neutral" 
in the nomenclature of Kurz, that is to say in bogs 
such as those of Twin Lakes and Cedar Creek, where 
the factors leading to moss-heath formation are not 
operative. 

(3) S. cuspidatum was not often found in any 
abundance, though it was frequent, for example, on 
the sedge-mat at Pug Hole, mixed with S. subsecun- 
dum. 

(4) S. recurvum ranges from the earliest moss- 
heath stages into the oldest bog-forests where it 
finally becomes shaded out. It also occurs in fair 
quantity in the pioneer-mat at Cedar Creek, where 
pH values are not below 6.0. Nevertheless, it is 
definitely an acidifying species as shown by the fol- 
lowing list of pH values obtained from below S. 
recurvum surfaces at Hinckley: 

Immediate 
Sub-Surface 6 ins. Lower 

4.38 6.73 
4.42 6.75 
4.52 5.55 
4.60 
4.62 5.95 
4.75 6.75 
4.82 6.76 
4.87 
5.10 6.33 
5.40 6.65 

From these figures it would appear to have its opti- 
mum range from 4.5 to 5.0, which is much the same 
as that suggested by the figures given below for S. 
magellanicum. From what has been said previously, 
however, and from the fact that the pH values were 
so much higher in samples only 6 inches below the 
living plants, one must conclude that the species can 
invade successfully into areas with a pH very much 
higher than its optimum. This is supported by the 
observation at Hinckley that S. recurvum was invad- 
ing much more freely than S. magellanicum into the 
wetter parts of the bog-forest which were rich in 
basiphilous pioneer-mat relies such as Typha, Equi- 
setum fluviatile, and Menyanthies. 

(5) S. teres was found occasionally mixed with S. 
recurvum and having the same ecological range. 

(6) S. magellanicum is the acidifier par excellence. 
Its behavior is well illustrated in the Pug Hole tran- 
sect shown in Figure 6. It follows after S. sub- 
secundum and is the dominant throughout the zone 
of falling pH values, until a stable low pH value is 
established and the accompanying mature moss-heath 
develops with Chamaedaphne as the dominant. pH 
data were obtained from Hinckley in the same way 
as for S. recurtlum, and were as follows: 

Immediate 6 ins. 
Sub-Surface Lower 

4.08 4.22 15 ins. lower; 6.72 (below 
water-table) 

4.49 
4.50 5.75 
4..55 4.90 16 ins. lower; 6.80 (below 

water-table) 
4.58 
4.63 
4.82 4.25 15 ins. lower; 6.90 (below 

water-table) 
4.87 
5.07 4.43 18 ins. lower; 6.55 (below 

water-table) 
5.47 

S. mnagellaniciuni very quickly builds up deep dense 
cushions of moss, and the figures show that the old 
dead remains of the moss may be more acid than the 
the still living stemn bases. 

When it grows in the open, this species has a 
purple-red color which is quite unmistakable, but in 
the shade it may often have a pure pale green color. 
Many samples from the bog-forests were examined 
in the laboratory to make sure that they really be- 
longed to this species; they always did, and no other 
member of the Sphagna cymnbifolia was ever found in 
the bog-forests. 

(7) Sphagnum capillaceuin. The figures given be- 
low indicate that this species is the most strongly 
acidiphilous of any of the bog-species. 

Immediate 
Sub-Surface Lower Samiples 

4.08 6 ins. lower; 4.22 15 ins. lower 6.72 
4.10 12 ins. lower 7.33 
4.15 
4.20 6 ins. lower; 4.65 
4.30 6 ins. lower; 4.88 
4.60 8 ins. lower; 4.15 
4.62 

Yet it may be doubted whether this species has the 
strongest capacity for acidification, since it only ap- 
pears in places where S. recitriurn or S. inagellanicitm 
are already growing abundantly. It is especially 
characteristic of the secondary moss-heath with tall 
thick Chamaedaphne and forms the upper part, some- 
times the whole, of tall deep moss tussocks. It is 
characterized by its small, soft, bright red heads, 
packed together to form a mosaic pattern. Its ap- 
pearance and ecological behavior so closely resemble 
that of the moss which is described by writers on 
British bogs as S. rubellrmn that it is hard to believe 
that the two names are not really synonymous. 

(8) Lastly, for the sake of comparison with British 
bogs, we may record that, S. papillosumin was found 
only once (at Cuyuna). This is at present probably 
the most active peat builder on the British Isles, 
though S. magellanicunm is also very important. Fur- 
ther, S. imbricatumn. was never found. This species 
has in the past been responsible for the formation 
of large volumes of peat in the British Isles, but is 
now very rarely found, and nowhere in large quan- 
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tities. It would be of the greatest interest to know 
whether this species, easily recognizable from a single 
leaf fragment, has at any timne been abundant in 
Amnerican Sphagnum regions. Such information could 
readily be obtained by any one who is working on 
pollen analyses of peat profiles. 

OTHER BRYOPHYTA 
(1) Aulacomniuzm palustre. This species was found 

by Ziegenspeck to be an acidifier, with its optimiumn 
at a pH of about 4.4. It may be seen at work, so 
to speak, on the pioneer-miiat of the Lake Alice bog, 
w-here it is the most abundant miioss, and precedes 
Andromeda. It remains as the main imioss of the 
moss-heath here_, and in general it persists through 
all the stages of a bog succession once it has become 
established, even into the latest bog-forest stages 
that were seen. Like Sphagnum recurrum, it can 
tolerate fairly high pH values; it is found for in- 
stance with fair frequency on the pioneer-mat at 
Cedar Creek. In the paper by Ziegenspeck (1936) 
it is suggested that there are two ecotypes included 
in the species, one acidiphilous, the other basiphilous. 
The mode of occurrence of the species in Minnesota 
suggests, however, that it nmay more easily be con- 
sidered as one species with a wide range of tolerance, 
since it occurs in practically everv bog in this area. 

(2) Calliergon cordifolium. (giganteurn). All the 
specimens found during this study agreed with the 
descriptions given for C. giganteum in the standard 
texts. However, the name C. cordifolium is here 
used in accordance with the recent treatment of the 
genus Calliergon, given by Wynne (1945). The spe- 
cies is highly characteristic of small shallow pools 
or wet depressions in bog-forests where the peat is 
circunm-neutral at the level of the water table. When, 

therefore, it is found in quantity in a peat profile 
as, for example, at Cuyuna, it is likely to indicate a 
fairly young bog-forest stage in which not much acid 
peat, if any, has been formed. 

(3) Polytrichum stricturn. This species is markedly 
acidiphilous, but like Sphagnum capillaceum, may 
not necessarily be strongly acidifying, since it always 
occurs in assocation with the acidifying Sphagnum. 
It occurs in fact miost typically in moss-heath com- 
munities, and in primary moss-heaths it is usually 
thinly scattered. In secondary types, however, or 
under conditions of marked dryness, as at Kerrick B, 
it multiplies very rapidly and may formn numerous 
conspicuous dark green cushions, and one may find 
patches in which there is very little other vegetation 
apart from this species and Cham.aedaphne. It occurs 
in small quantities in bog-forests, but not consistently, 
and it is perhaps intolerant of shade. 

TYPHA LATIFOLIA 

Figure 17 illustrates a point of interest concerning 
the ecology of this species, namely that it has a dual 
type of distribution. On the left of the photograph 
is a patch of Typha which borders the water-margin 
of the pioneer-mnat at Floating bog (Lake Itasca). 
In the background is the bog-forest, with a clearly 
defined zone of Typha between it and the pioneer- 
mat. The two areas of Typha dominance are sepa- 
rated by a wide zone of compact Carex lasiocarpa 
mat. Other examples of this behavior could be 
quoted. A reason for this may be suggested by the 
fact that where Typha is abundant and luxuriant, the 
peat surface is not held together into a flrmn solid 
mat, but is usually soft and treacherous to walk upon 
between the Typha tussocks. On the other hand, 
where a sedge-mat has a tough compact surface, 

- ~~~~~~~~~~~a - 

FIG. 17. Typha latifolia in the pioneer-mat of Floating bog, Lake Itasca. In the foreground, plants growing 
close to the water margin; behind, the Typha zone at the margin of the bog-forest. 



April, 1949 TIHE BOGS OF CENTRAL MINNESOTA 199 
Typha shoots rarely occur in it, and when they do, 
they are single and small. It would seem then that 
apart from the places where Typha is itself the domi- 
nant of a whole pioneer-mat, the species can only 
succeed as a component of a pioneer-mat in those 
areas where the mat is loose-textured and does not 
offer too much mechanical resistance to penetration 
by the Typha rhizomes. Such areas will naturally 
be found firstly at the young margin of the mat 
where it is invading the water surface, and secondly 
at the oldest part of the mat, where tree growth is 
causing death of the main mat-dominants and the 
ground surface is again becoming loosened. Figure 
18 illustrates the effects of this competition between 
Typha and the sedge-mat dominants. Two Typha 
shoots were dug out from the bog at Twin Lakes F; 
the small one on the right came from the center of 

~IIs 
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FIG. 18. Two plants of T?>pha latifolia dug out from 
tile bog at Twin Lakes F. On the left, a plant from 
Mie bog-forest margin; on the right, a plant from the 
middle of the sedge-mat. 

the Carex lasiocarpa mat, the large one on the left 
came from the marginal zone of the bog-forest where 
it adjoins the sedge-mat and where Typha is tall and 
abundant. 

CHARACTERISTICS OF THE PEAT 
Anyone who is interested in the study of plant 

successions must be prepared to analyze the progres- 
sive changes in edaphic conditions as well as to de- 
scribe the plant communities which partly or wholly 
cause the soil changes and respond to them. For- 
tunately for students of bog successions, there is a 
vast literature dealing with the physical and chemical 
properties and the microbiological population of peat, 
and though much of it is written from an agricultural 
point of view, the results are of basic importance for 
ecologists. Thus, for example, much useful, general 
information concerning peats in Minnesota may be 
obtained from the survey by Alway (1920) and from 
the separate county reports of the U. S. Department 
of Agriculture Soil Survey. More searching analyses 
may be found in the work of Waksman and his col- 
leagues, and of Dachnowsky-Stokes,2 as well as a 
vast range of other literature dealing with peat chem- 
istry and with the distribution and metabolism of 
soil microorganisms. From all this work over nearly 
a century there has emerged a body of firmly- 
established and well-known principles concerning the 
types of organism which are active under different 
conditions of aeration and chemical background, the 
substrates they use and the substances they produce, 
the relative rates of degradation of different chemical 
types such as carbohydrates, liquins and proteins, 
and numerous other related problems. 

Within the limits of a short-term study it was 
obviously impossible to embark upon elaborate chemn- 
ical and bacteriological analyses, either to verify the 
application of these general principles to the peats 
of central Minnesota, or to extend and refine them. 
However, there seemed to be various points which 
might be dealt with by simple and rapid methods, 
and two in particular were chosen because they might 
yield data for contrast or comparison with the bog 
types of the highland regions of Britain. The first 
was concerned with the correlation between the de- 
gree of humification of the upper peat layers, and 
the type of plant community growing upon it. The 
second concerned the nature of the fungi which char- 
acteristically grow in the peat types, and more espe- 
cially those of acid peats. 

DEGREE OF HUMIFICATION OF THE PEAT 

European peat investigators have often made use 
of the scale of humnification which was originally de- 
signed in Scandinavia. This is a method of classify- 
ing peat samples on the basis of their texture and of 
the amount of liquid which can be squeezed out of a 
damp sample in the hand, and so on. The classes 
are given numbers from 0 to 10, corresponding to 
increasing stages of humiflcation, but the method is 
essentially qualitative, and therefore unsatisfactory for 

'The book on Peat by Dachnowsky-Stokes, promised by 
Chronica Botanica, was not available at the time of writing. 
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the comparison of data obtained in different places 
by different authors. Moreover, the surface peats of 
the Minnesota bogs were so inhoimogeneous in texture 
that the method was almost impossible to apply. 
Hence it was decided to make use of the ordinary 
sieve method for estimating the coarser fractions of 
mineral soil, and to modify it where necessary, to 
make it applicable to peats. The main modification 
arose from the fact that air-dried or oven-dried peat 
bears no relation in its properties to the same peat 
while still in its naturally damp or waterlogged state. 
Hence it was impossible to work on a dry weight 
basis, and instead, both the original sample and the 
separated fractions were dealt with in the saturated 
state. The procedure was as follows: 40 gm. to 50 
gmn. of moist peat was placed on the coarsest sieve 
(a mesh of 8 wires to the inch) and water was played 
on to it very gently from the fine jet of a wash-bottle 
until the sample was uniformly wet, and water was 
just beginning to drip out from below the peat mass. 
The excess of "gravitational water" was allowed to 

drip out, and sieve and sample were weighed. Then 
a strong jet of water was run on to the sample, 
which was spread out thinly over the sieve, and 
turned over with a glass rod. Washing was con- 
tinued until only the coarsest fraction of the peat 
remained on the sieve. After allowing to drain for 
5 minutes, sieve and residue were re-weighed. The 
filtrate was passed through a sieve with holes of 1 
mi. diameter and similarly washed free of finer par- 
ticles, and the process repeated with a fine sieve (60 
to the inch mesh). Thus coarse, medium, and fine 
fractions were obtained, and calculated as percentages 
of the original wet weight. The difference between 
the sumn of these percentages and 100 percent repre- 
sents the "remainder," that is, the finest fraction of 
all. Estimates were made in duplicate. The method 
is undoubtedly crude, but the results, as given in 
Figure 19, show some degree of consistency. The 
greatest error arises where the peat is wholly or 
largely composed of Sphagnum, for it happened sev- 
eral times that negative values were obtained for the 
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"remainder" fraction, since the sum of the three 
weighed fractions added up to more than 100 percent. 
This is seen in diagrams 2, 4, 7, 8, and 9 of Figure 
19. It seems that Sphagnum leaves are capable of 
retaining greater X olumes of water when they have 
been washed out separately, than when they are still 
massed together in a compressed state in the original 
peat sample. 

All the samples tested were from sub-surface peats, 
that is, from depths of between 10 cm. and 20 cm. 
below the surface. 

Turning to the results, a clear agreement may be 
seen between samples 1 to 5, grouped together as be- 
longing to the earlier stages of pioneer-mat or pri- 
mary mioss-heath. All show a great preponderance 
of the coarse fractions. Samples 6 to 9 belong to 
the younger bog-forest types or to their equivalent 
in secondary moss-heaths. These show greater variety 
in the shape of the frequency graph. This is prob- 
ably because they are all Sphagnum-rich, and only 
a very small difference in state of preservation is 
needed to determine whether Sphagnum remains will 
adhere together as whole plants and hence appear in 
the coarse fraction, or break up into separate leaves 
and so appear in the medium fraction. Samples 10 
to 13 are from mature bog-forest regions, or from 
an equivalent secondary moss-heath; 14 and 15 are 
from marginal fens, and 16 is from an area of 
drained peat with a water table far below the sur- 
face. These last seven samples are arranged accord- 
ing to the order in the successional series of the plant 
community growing on the peat. 

The results as a whole show a clear correlation 
between the proportion of finer fractions in the peat 
and the successional position of the vegetation. That 
is to say, in the later stages, the conditions are such 
as to cause a greater degree of disintegration of the 
dead plant tissues as they become converted into 
peat. The data provide illustrations of two well- 
known principles of soil microbiology. Firstly, the 
greater the activity of aerobic organisms, the more 
rapid, in general, is the breakdown of organic mat- 
ter; the degree of this activity will depend on the 
successional status of the growing plant community, 
because the raising of the surface level above the 
water table is the essential process in the succession. 
Secondly, the lower the acidity of the peat, the greater 
the variety of the micro-flora, and hence again, the 
greater will be the rate of breakdown, as nmay be 
judged by graphs 14 and 15 for marginal fens and 
graph 13 for the non-acid bog-forest type. 

It thus appears from the correlations shown by 
Figure 19, that the method might usefully be applied 
as one means of determining the conditions under 
which any particular sample of peat was formed. 

FUNGAL FLORA OF PEAT TYPES 
Growths of filamentous fungi were obtained by 

planting small lumps of peat directly on to imialt-agar 
plates. The samples of peat were taken from the 
freshly opened centers of large jarfuls of peat. which, 

though not freshly collected, had been stored in a 
refrigerator. 

Agar plates were prepared at pH values of ap- 
proximately 4.5, 5.5 and 6.5, and the medium used 
for any peat sample was the one having a pH value 
closest to that of the peat mass from which the sam- 
ple was taken. In a number of cases platings were 
made in duplicate, and one of each pair was placed 
in a sealed chamber through which nitrogen was 
passed for four hours or more. The lids were re- 
moved from the dishes immediately before placing 
in the chamber, to avoid the retention of oxygen 
inside the closed dish. The nitrogen was sterilized 
and freed from traces of oxygen by passing it 
through pyrogallol solution before it reached the 
chamber. Even so, contaminants on the plates might 
well have been expected, but in fact none of the spe- 
cies which were apt to contaminate the control plates 
ever appeared on the "nitrogen" plates, and hence it 
seemed reasonable to assume that organisms which 
appeared on the peat had been derived from it. 

The results fell in with the general experience that 
bacterial growths are usually checked at pH values 
lower than 5.0, and that the variety of micro-organic 
type is much greater at higher than at lower pH 
values. Table 6 gives the data concerning all the 
filamentous fungi which appeared on more than one 

TABLE 6. 

rH OF PEAT AND AGAR 

Under 5.0 Over 5.0 Developed 
(10 (12 in 

samples) samples) Nitrogen 

Trichoderma viride* 
Pers. ex Fries ........ 6 5 Yes 

Mucor silvaticus* 
Hagen ............... 9 7 Yes 

Penicillium sp......... . 9 5 Yes 
Zygorhynchus moelleri* 

Vuillemi .......... .. 2 Yes 
Gliocladium fimbriatum* 

Gilman and Abbott .. . 2 No 
Fusarium sp .......... .. 2 No 

plate. The first three organisms on the list in the 
table are the only ones of frequent occurrence, and 
the only acid-tolerant types. Moreover, all three 
appear capable of developing in an atmosphere of 
nitrogen. Further tests were therefore made to in- 
vestigate their power to withstand submergence. 
Innoculations were made on to malt-agar plates 
(pH 4.5) and the plates were submerged, without 
lids, in beakers of distilled water so that the agar 
was about 3 cm. below the surface of the water. All 
three species produced mycelium freely, the Mucor 
in greatest volume. The latter species produced 
many chlamydospores, but no sporangia. Tricho- 
dernma viride3 and the Penicillium produced sporangio- 
phores where the mycelium reached the air-surface. 

3 This name is used in accordance with the findings of Bisby 
(1939) concerning this species and its nomenclature. 
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Finally, the three species were tested for growth 
under both submerged and anaerobic conditions. In- 
noculations were made into 1 percent malt-agar solu- 
tions in test-tubes which were so fitted that nitrogen 
could be passed through the liquid, and the tubes, 
with nitrogen above the liquid, could be sealed off 
from the atmosphere. The nitrogen was bubbled 
vigorously through the liquid for two hours. It was 
found that all three species produced mycelium under 
these conditions, though not as freely as the controls 
not subjected to the nitrogen treatment. Again, 
spores were only produced at the liquid-gas inter- 
face, and this was true of the controls also. 

It appears then, that these three fungi at least 
can produce a vegetative growth when submerged and 
lacking oxygen, and since they commonly occur in 
the peats of this region, they may be considered as 
important agents in the decomposition of plant mate- 
rials below the level of the water table. There is 
another set of fungal organisms which are also of 
ecological importance, but which cannot be studied 
by plate-culture methods. These are the mycorrhizal 
fungi, and the Sphagnicolous higher Basidiomycetes. 
The mycorrhizal roots of the coniferous species are 
found predominantly in the moist Sphagnum layers 
of the bog-forests, above the water table, and the 
Basidiomiycete fructifications were associated with con- 
spicuous mycelia growing in the loose upper mass of 
Sphagnum stems just below the living surface. Only 
a small number of these Basidiomycetes were observed 
to occur with any frequency; these were Cantharellus 
infundibuliformis, Inocybe scabella and Russula rose- 
tpes. From their mode of occurrence, it is probable 
that both mycorrhizal fungi and Basiodiomycetes are 
aerobic, and hence may be considered as important 
in the initial breakdown of plant materials during 
the formation of acid peats in the moss-heath and 
bog-forest stages. 

GENERAL DISCUSSION 
The central Minnesota bogs may be described in 

the shortest and most simple way by saying that 
they show a succession from pioneer-mat, through 
bog-forest, to some climax stage whose nature is not 
yet certainly established, with the interpolation of an 
acidiphilous moss-heath stage if conditions are suit- 
able. Even this bare statement is enough to show a 
difference from the summary which is given by Gates 
(1942) for the bogs of northern Lower Michigan. 
In the diagram which presents the successional rela- 
tionships for his area, it is shown that all the lines 
of primary succession pass through the stage of a 
Chamaedaphne association. Moreover, all lines of suc- 
cession in Michigan are shown to end in the Thuja 
association which Gates states to be "the climax asso- 
ciation in boggy areas in the region." In view of 
what has been observed in the Minnesota bogs con- 
cerning the prevalence of Abies balsamea in the late 
stages, it does not seem likely that Thuja is the only 
possible climax association for the Minnesota bogs, 
though it seems in places, as at Cedar Creek, to form 
a self-reproducing community, and may, therefore, 

in such places be the climax type, or perhaps, more 
accurately, the sub-climax, if one is to adhere to the 
terminology of Clements. 

Turning now to the description of the bog succes- 
sions on Isle Royale, given by Cooper (1913) it 
appears that these would fit broadly with the sum- 
mary statement which has been made about the Min- 
nesota bogs. However, under this broad similarity 
there are a number of differences, some only of detail, 
but some of more weight, which must express some 
genuine difference between the successional factors 
which operate in the two regions. One such point 
concerns Picea mariana, which in Minnesota may cer- 
tainly form a seral stage which is not preceded by a 
Sphagnum-rich stage, whereas on Isle Royale it is 
said that "Ledum and Picea mariana follow the 
sphagnum, being dependent upon its presence." An- 
other point of difference may be seen in the statement 
by Cooper that in those successions in which Sphag- 
num is abundant, "the sphagnum is a superficial layer 
supported upon the sedge-mat, and contributes little 
towards peat formation." While this is sometimes 
true of bogs in Minnesota, there are bog types, such 
as those at Kerrick and Cuyuna, in which Sphagnunm 
has played an important part as a peat-former. 

Here then are a few of the points of difference 
that emerge in making comparisons with bog-bearing 
areas not too far removed from Minnesota; the state- 
ment of them must be left as a mere statement, since 
without a first-hand experience of American bogs 
outside Minnesota, it would be idle to offer explana- 
tory hypotheses. 

If we carry the comparison across the Atlantic to 
the British Isles, there is no difficulty in finding gen- 
eral resemblances in the lake hydroseres. These re- 
semblances are greatest in the middle stages of the 
hydroseres, for in both regions we find shrub and 
open forest stages invading the surface which has 
been built up to the water-level by the earlier com- 
munities of herbs or low shrubs. In Britain again 
both "acid" and "circum-neutral" bogs, and inter- 
mn'ediate types can also be found. In the Norfolk 
Broads region for instance, there is no development 
of acidiphilous communities before the "zwischen- 
moorwald" stage, which is probably the equivalent 
of the early bog-forest of Minnesota. On the other 
hand, the "acid" type may be illustrated by the bogs 
of Cheshire and neighboring counties. Of all the 
types of topography in England and Wales, that of 
the Cheshire meres region nmost nearly resembles what 
is found in central Minnesota. It is a country of 
low relief with fairlv numerous small shallow lakes, 
and it is here that a floating pioneer-mat is most 
coammmmonly found. On these the "cranberry-bog" type 
of community usually occurs; it is the British repre- 
sentative of the American moss-heath. In British 
hydroseres as a whole the floating-mat is less coma- 
mon as the main pioneer stage than the reed-swamp 
dominated by Phragmiites comnmunis and its associates, 
which have their roots in the solid substratum below 
the water. This is one of the major differences be- 
tween the hydroseres of Minnesota and those of 
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Britain. It is interesting that both areas include in 
their floras both Phragmites communis and Carex 
lasiocarpa, yet the relative importance of these two 
species in one area is exactly the reverse of that in 
the other. 

A second major difference lies of course in the ulti- 
mate stages to which the hydroseres are tending in 
the two areas. For the rainfall in Britain is suffi- 
cient to allow the formation of ombrogenous peat 
above topogenous peat, sometimes with, and some- 
times without a stage of "zwischenmoorwald" and oak 
forest intervening, as described for the Norfolk 
Broads area by Godwin and Turner (1933). There 
are of course ombrogenous bogs in the U.S.A., but 
all the peat in central Minnesota is topogenously 
formed. 

One of the striking features in this comparison 
may be found in the number of bog species which 
are common to both areas. To mention some that 
come at once to mind, there are Menyanthes trifoliata, 
Scheuchzeria palustris, Carex riparia, C. rostrata and 
many other Carex species, Vaccinium Oxycoccus, Equi- 
setum fluviatile, Dryopteris Thelypteris, most of the 
Sphagnum spp. and so on. Then again one may find 
examples of closely related species, or members of the 
same family, playing precisely parallel roles in the 
bog-ecology. The case of Calluna vulgaris and 
Chamaedaphne calyculata has received comment al- 
ready. We can compare also Alnus rotundifolia and 
A. incana, Andromeda polifolia and A. glaucophylla, 
Betula pubescens, and B. papyrifera. 

Lastly, there are points of interest which arise 
from examining how the Minnesota bog area is situ- 
ated in relation to a map given by Transeau (1903) 
which indicates the North American distribution of 
bogs. The optimum area for bog development is 
shown as the area in which occur the greatest num- 
ber of the characteristic bog species. The region of 
study which is shown in Figure 1 lies partly within 
and partly outside the S.W. boundary of Transeau's 
optimum area; the boundary crosses Minnesota 
roughly from the N.W. corner of the state to Grants- 
berg (Wis.), near the eastern border of the state. 
Just as with individual species, so with vegetation 
types one may expect to see marked sensitivity to 
small fluctuations of conditions at the margin of the 
distribution area. This is exactly what may be seen 
in the Minnesota bog series. 

There is on the one hand the observation on the 
present spread of the moss-heath to the water-margin 
in many bogs and the tentative correlation of this 
with low water levels in the reccnt past; on the other 
hand there are the many observations of abrupt 
transitions between one vegetation zone and another, 
and of apparently uniform age within a particular 
zone. This latter set of observations point to a very 
uneven method of progression of the hydrosere; that 
is to say, to phases of rapid extension in area of a 
vegetation type, separated by intervals of less or 
no extension, but of consolidation and maturation. 
Broadly speaking, some kind of hydrosere will de- 
velop in any water-containing depression, whatever 

the temperature conditions of a region, provided the 
water level is maintained at a constant height. Hence 
the climatic conditions which are unfavorable to 
hydroseral progress will be those which lessen the 
volume of water which drains into the depression, 
that is to say, it will be primarily the total precipita- 
tion, or closely related variables, which will govern 
the rate of progress of a hydrosere. In the center 
of an optimum area for bog development, one may 
postulate that conditions of precipitation will almost 
always be above the lower limit for the maintenance 
of the necessary steady water levels. At the margins, 
however, climatic conditions must be less favorable, 
that is, they are such that the water table levels are 
not constantly maintained, but show fluctuations. This 
is in fact the interpretation given to the observation 
that the central Minnesota hydroseres appear to have 
proceeded by intermittent rather than by steady 
progress. 

From this interpretation at least three questions 
arise. Firstly, has this fluctuating progress been 
characteristic of these bogs all through their history? 
On the basis of the surface ecology, one cannot 
wholly answer this question, but it seems fair to say 
that it has been characteristic of all the later stages. 
These would cover a period lasting for at any rate 
four generations of spruce trees in the cases illus- 
trated in Figures 12 and 13, cases which were chosen 
as being typical examples of what was generally 
noticeable in the area as a whole. 

Secondly, are there any signs that the fluctuations 
have any kind of regularity and could, therefore, be 
taken as expressions of some nmore or less regular 
climatic rhythm? 

Thirdly, supposing that some such rhythm had been 
operating, is it in any way connected with the 
fluctuation of precipitation values which is shown in 
Figure 9? This covers the last 60 years, and makes 
a very strong impression of a wave-like variation 
with a period of 40 to 50 years. Very likely this is 
entirely fortuitous, but it would be of the greatest 
interest to possess the data which might be given by 
historical studies of the vegetation record which were 
designed to answer these three questions. 

The subject of climatic rhythms- has naturally been 
always in the minds of climatologists, but plant ecol- 
ogists have only gradually come to realize the imi- 
portance of the topic in considering the status and 
history of existing vegetation. A most stimulating 
presentation of the possibilities of the idea, and of 
methods of study derived from it, has been presented 
by Von Post (1944, 1946). He discusses both 
longer period fluctuations and also the "fine-grained" 
rhythms obtainable by the study of closely placed 
pollen samples. Results of this latter kind of study 
had been published at least as early as 1935, but 
have not, to the writer's knowledge, appeared in an 
Enolish text until 1946. These small fluctuations in 
the pollen curves (Betula is the pollen type mainly 
concerned) might be of the same order of magnitude 
as those hypothetical ones which ioight be found to 
have controlled the Minnesota hog successions. Be 
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that as it may, there is not much doubt that a num- 
ber of rhythmic oscillations of climate, of different 
periodicities, will in the end be recognized. We have 
evidence not only from the large-scale fluctuations 
associated with the several glaciations of the ice-age, 
but we have the repeated minor re-advances during 
the retreat from the last glacial maximum, we have 
Von Post's description of the post-glacial climatic 
optimum and subsequent deterioration, and the 
probably equivalent xerothermnic theory of American 
authors; we have the work of Cooper (1942) on the 
advances and retreats of glaciers in Alaska, and the 
data of Granlund (1932) on recurrence horizons in 
European bogs, to name outstanding examples. 

It would seen, therefore, that since the Minnesota 
area possesses a large number of bogs still in an 
undisturbed or almost undisturbed condition, which 
show especial sensitivity to climatic fluctuations, it 
would be the ideal center for a plant-historical study 
designed to throw light on both ecological and 
climatic history. The combination of pollen analysis 
and stratigraphy in a really detailed study, even in 
a single bog, would be certain to vield valuable data, 
even if no climatic rhythm were demonstrable. If, 
however, such a rhythm could be discovered on the 
basis of the record of the bog species themselves, it 
should be possible to get some idea of the order of 
magnitude of the rhythmic period, provided that 
there is also a record of the regional forest changes, 
which may serve, in a broad way, as a time-scale. 

Studies of this sort, carried out on either side of 
the Atlantic, may enable us to decide how far climates 
in general are characterized by unceasing rhythms, 
and how far such rhythms are local in character, or 
general over the whole earth's surface. They will 
also constitute one of the means by which our ideas 
of the relation between climate and vegetation may 
be based ever increasingly on our knowledge of 
historical facts, rather than on theoretical assumptions. 
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APPENDIX I 

THE QUINHYDRONE METHOD OF PH 
DETERMINATION 

The following table gives some data which will 
show the degree of variability in pH value of sam- 
ples of peat from within a small area. At each site, 
a meter quadrat was chosen, and from it six samples 
were taken in the sub-surface peat, that is, at a 
depth of about 10 cm. below the actual surface. The 
samples were placed in glass vials, and to three of 
them (labelled T in the table) toluol was added and 
stirred into the peat with a glass rod. This pro- 
cedure was used because it was found by Pearsall 
(1938) that by the use of toluol, the pH and the 
redox potential of the peat could be stabilized, so as 
to minimize the error involved in transporting peat 
samples and allowing some time to elapse before 
testing in the laboratory. In the present study, the 
samples were taken to the laboratory as soon as pos- 
sible after collection, and stored in a refrigerator; 
the pH determinations were carried out within two 
or three days of collection. It will be seen from the 
results that the samples treated with toluol gave mean 
X alues close to the means of the untreated samples, 
and hence in the later collections toluol was not used. 

CUYUNA BOG KERRICK (Lake Margaret) 

Site pH values Mean Site pH values Mean 

5.50 4.20 
5.58 5.58 4.25 4.23 

Sedge- 5.65 Moss- 4.25 
mat (5.50 heath 4.10 

T 5.62 5.66 T 4.35 4.36 
5.85 4.62 

5.18 3.90 
Late 5.35 5.35 4.03 4.04 

Sedge- 5.53 Picea 4.18 
mat 5.45 forest 4.18 

T 5.50 5.54 T 4.25 4.24 
_ 5.68 _4.30 

4.65 4.00 
Early 4.70 4.74 Old 4.30 4.22 

moss- 4.87 Picea 4.35 
heath 4.52 forest r4.08 

T 4.60 4.69 T{4.18 4.21 
4.95 J4.38 

4.10 3.85 
Mature 4.35 4.27 Secondary 3.93 3.97 

moss- 4.35 moss- 4.03 
heath 4.38 heath p3.98 

T 4.57 4.58 T 4.01 4.06 
4.80 {4.20 

4.25 4.85 
4.43 4.47 5.08 5.05 

Larix 4.72 Marginal 5.22 
forest 4.25 fen (4.95 

T 4.35 4.32 T 5.02 5.02 
4.35 (5.10 

6.00 HINCKLEY BOG 
6.02 6.03 -_ _ _- 

Marginal 6.07 6.60 
fen 5.90 6.60 6.64 

T 6.02 86.03 Picea 6.71 
6.16 forest 6.48 

V- T_ 6.48 6.55 
6.68 

6.55 
6.62 6.61 

Marginal 6.67 
fen (6.55 

T16.55 6.58 
16.63 
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APPENDIX II 

DETAILS OF BOG LOCALITIES 
The accompanying table gives details from which 

it would be possible to find those areas which are 
described in the text and others which were also 

visited in the course of the study. Reference is 
given not only to the map square, but to the quarter 
of the square, that is NW, NE, SE, or SW, in which 
the locality is situated. The air-photograph numbers 
refer to the collection in the University of Minnesota 
library. 

Air- 
Locality County County map square photograph Comments 

Cedar Creek Anoka T. 34N, R.23W, 27NW BIM-3-68 Described in the text. 

Grandy Isanti T. 36N, R.23W, 1ONW BIX-6-8 Mature Larix forest. 

Stacey A Isanti T. 34N, R.22W, 12NE BIX-7-6 Narrow pioneer-mat and nioss-heath; drained 
Larix forest on acid peat. 

Stacey B and C Isanti T. 34N, R.22W, 11SW BIX-7-6 Pioneer-mats of Decodon. 

Hinckley Pine T. 41N, R.20W, 28SW BYD-2-137 Picea forest; good marginal fen (Fraxinus 
dominant). 

Lesser Pine T. 42N, R.17W, 28SE-SW BYD-4-95 Moss-heath (mainly secondary); Picea forest. 
Tamarack' 

Duxbury Pine T. 42N, R.17W, 10SE BYD-4-157 Larir-Picea forest 

Kerrick (Lake Pine T. 45N, R.18W, 26SW BYD-6-125 
Margaret) Described in the text. 

Kerrick B Pine T. 45N, R.18W, 34SE BYD-6-125 

Cuyuna Crow Wing T. 47N, R.28W, 32NE BXT-2-115 Described in the text. 

Pug Hole Itasca T. 57N, R.26W, 24SW CIP-6-163 Described in the text. 

Grand Rapids B Itasca T. 57N, R.25W, 18SW CIP-6-163 Extensive moss-heath. Some indications 
of burning. 

Grand Rapids C Itasca T. 56N, R.26W, 14SE2 CIP-13-22 Pioneer-mat of neutrophilous sedges; mixed 
Picea-Thuja forest with some Abies. 

Lake Alice' Hubbard T. 143N, R.35W, _SE BXU-3-41 Described in the text. 

Twin Lakes Hubbard T. 143N, R.35W, 3ONW BXS-5-23 Described in the text. 

Floating Bog Clearwater T. 143N, R.36W, lINE BXS-4-105 Extensive Carex lasimcarpa mat; narrow bog- 
(Lake Itasca) forest zone (Larir, Picea, Fraxinus etc.) 

Boutwell Creek Clearwater T. 143N, R.36W, 15NE BXS-5-21 Mlixed old Thuja-Picea-Abies fore3t; evidl33ce 
Bog of much interference. 

Tais s.nall lake had nu name oa the map, bab was the s nallest of three lviaig close togeth3r, the largest being called Tamarauk Lake. 
2 The quarter of the square indicated is the actual position as given by the air-photo, not the position which would be deduced from the county road map, which 

incorrectly indicates a bend in the road. 
3 Lake Alice is the nearest named topographical feature to the bog, which is not itself related to that lake but occurs around a small lake situated about a mile to the 

-east of Lake Alice, just north of the road. 
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