
Pollen Spectrum Studies on the Anoka Sand Plain in Minnesota
Author(s): Russell C. Artist
Reviewed work(s):
Source: Ecological Monographs, Vol. 9, No. 4 (Oct., 1939), pp. 493-535
Published by: Ecological Society of America
Stable URL: http://www.jstor.org/stable/1943281 .
Accessed: 30/01/2012 10:14

Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at .
http://www.jstor.org/page/info/about/policies/terms.jsp

JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of
content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

Ecological Society of America is collaborating with JSTOR to digitize, preserve and extend access to
Ecological Monographs.

http://www.jstor.org

http://www.jstor.org/action/showPublisher?publisherCode=esa
http://www.jstor.org/stable/1943281?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp


POLLEN SPECTRUM STUDIES ON THE ANOKA SAND 
PLAIN IN MINNESOTA 

By 

RUSSELL C. ARTIST 
University of Minnesota 



CONTENTS 
PAGE 

INTRODUCTION ................................................. 495 

HISTORICAL SUMMARY ............... 495 

GEOLOGY ............... 498 

LOCATION OF BOGS ............... 501 

METHODS ............... 502 

RESULTS ............................................. 504 
Sequence of Peat Layers ........... .......................... 505 

Comparison of Pollen Spectra ........ ..................... 505 
Group I. Profiles Beginning with Dominance of Abies 

and Picea . ......................................... 506 
Group II. Profiles Beginning with Dominance of Pinus 

and Quercus ............. .......................... 523 

DISCUSSION .................................................... 528 

Vegetational and Climatic History as Disclosed by the Bogs with 
Complete Record . ......................................... 529 

The Problem of the Bogs with Incomplete Record ..... ........... 532 

SUMMARY .................................................... 533 

LITERATURE CITED . ............................................ 534 

[494] 



POLLEN SPECTRUM STUDIES ON THE ANOKA SAND 
PLAIN IN MINNESOTA 

INTRODUCTION 
Pollen-analytical studies of single bogs in widely distributed localities 

undoubtedly provide valuable records of postglacial forest succession. It 
would seem, however, that conclusions as to vegetational and climatic progres- 
sion drawn from data on a single bog may be unreliable since it is impossible 
to know whether the bog investigated represents the rule or an exception. It 
appears obvious that for a given locality a study of a group of bogs should 
give more valid results. Such group studies have only recently been under- 
taken.* Voss (1934) has investigated seven bogs in Lake County, Illinois; 
and later (1937), nine on older moraine in Bureau County, Illinois. Wilson 
(1938) has compared fossil spectra of ten bogs in Douglas County, Wis- 
consin, to determine the vegetational history of that region. 

The present study was planned first of all, naturally, as a new contri- 
bution to the knowledge of forest and climatic succession during postglacial 
time in North America. The group method was adopted in order to deter- 
mine whether this is sufficiently more reliable than the single-bog plan, un- 
avoidable in reconnaissance studies, to justify the far greater amount of 
labor involved. 

Collection of peat and marl samples from bogs on the Anoka Sand Plain, 
in east-central Minnesota, was begun in the spring of 1935, and field work 
was carried on at intervals until the autumn of 1937. The Anoka Sand 
Plain was selected because, in addition to offering a wealth of material, it is 
a distinct and homogeneous physiographic unit, whose origin and history have 
been carefully worked out (Cooper, 1935). 

HISTORICAL SUMMARY 
Many European students have attempted to work out by the method of 

pollen analysis the forest history of Europe during postglacial time. Marked 
changes in forest composition shown in the profiles have been assumed to be 
the direct result of changes in climate. The latest workers favor the climatic 
schedule of Von Post (1930), who has divided postglacial time into three 
periods, of increasing, maximum, and decreasing temperature, respectively. 

American workers, using the methods evolved by the Europeans, have 
endeavored to reconstruct the postglacial forest sequence on this continent, 
and to discover whether, and to what extent, it runs parallel to that of Europe. 
Studies in eastern North America, mainly within the glaciated region, show 
that the record in practically all bogs begins with an overwhelming percentage 
of Abies and Picea pollen. In the upper two thirds of the profiles important 
regional differences appear, which will be briefly described. 
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In southeastern Canada (Auer, 1930), northern Wisconsin and Minnesota 
(Voss, 1934), dominance of Abies and Picea is replaced by that of Pinus, 
which is abundant throughout. There is a slight indication of deciduous 
dominance in the middle third of some profiles. In the upper layers, Abies 
and Picea again increase at the expense of Pinus. 

Profiles from central Wisconsin (Voss, 1934), Michigan (Potzger, 1932) 
and northern Indiana (Houdek, 1933; Lindsay, 1932) are similar except for 
a definite middle period of deciduous dominance instead of a mere suggestion. 

In Ohio (Sears, 1932), central Indiana (Houdek, 1933; Prettyman, 1937; 
Smith, 1937; Barnett, 1937) and northern Illinois (Voss, 1934), following 
the conifers, deciduous dominance is marked and extends to the present. 
Pine is usually abundant throughout. 

In Iowa (Lane, 1931), conifers are rapidly replaced by deciduous genera 
and these in turn quickly give way to grasses. An Amaranth-Chenopod 
maximum appears at the 4-foot level but above this grasses again become 
dominant. 

As to interpretation, there is general agreement among investigators that 
the universal and rather abrupt early change from fir-spruce to pine-deciduous 
dominance was due to change in climate, in which rise of temperature was 
an important element. With regard to the upper two thirds of the profiles, 
two divergent views are held. The first asserts that marked fluctuations in 
pollen frequency of the most significant genera are direct indications of 
widespread changes in forest composition due to climatic changes. The sec- 
ond, recently put forth, maintains that the observed facts are more reasonably 
explained on the basis of local ecological processes such as succession. 

Statements supporting the first view have been made by several workers. 
In summarizing results from pollen analysis in eastern North America, Sears 
(1935b, p. 498) concludes that "the simple schedule of Von Post . . . is 
broad enough to allow of future refinement, and does no violence to the 
facts." The first period of increasing warmth is probably to be correlated 
with the rapid decline of the northern conifers and the advance of the decid- 
uous forest. Concerning the second stage, Sears states that the "evidence 
indicates a period of maxium warmth and probably, dryness, now past" 
(1935b, p. 497). The nature of this evidence, according to Sears, is of 
several kinds: (1) dominance of oak in the middle of the profiles from Min- 
nesota and southeastern Canada and its subsequent retreat; (2) an oak- 
hickory maximum at the 11-foot level in the combined profile of two Ohio 
bogs and (3) an Amaranth-Chenopod maximum at the 4-foot level in a bog 
in Iowa. The term "xerothermic" has been applied to this theoretical period 
of maximum warmth. As evidence for the third climatic change, Sears 
points to the "general recent increase of spruce at the northern stations. 
Southward it appears in the form of general evidence of increasing meso- 
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phytism-more Acer, Fagus, Liquidambar, and southern pine" (1935b, 

p.497). 
Fuller (1935) divides the postglacial forest succession of the Lake Mich- 

igan region into three stages, viz: (1) a period of establishment and relatively 
rapid decline of the northern conifer type, indicating an interval of increasing 
warmth; (2) a long period of dominance of deciduous forests, indicating a 
period of maximum warmth; (3) a poorly marked, rather short period of 
slight increase in the boreal types indicating a period of decreasing warmth. 

Hansen (1937) considers that this same sequence is borne out in profiles 
from his two Wisconsin bogs, one located within and the other adjacent to 
the Driftless Area. In the former, pollen of spruce and fir is predominant 
in the lowest level while in the latter the record begins with the dominance 
of pine. A very brief period during which oak is dominant appears in the 
middle portions of both spectra and is considered to be correlated with the 
period of maximum warmth. A sharp decrease in the frequency of pine and 
sedge at the 7-foot horizon in both bogs and an increase in composites and 
grasses at the same level in the Driftless Area deposit may indicate a xero- 
thermic period (1937, p. 148). Concerning the upper third of the profiles, 
Hansen says: "There seems to be no definite increase in the boreal types in 
the last period, but a slight decrease is shown in the deciduous trees since 
they reached the maximum during the second period" (1937, p. 148). 

Other workers interpret the same profiles differently or put forward new 
evidence to support the second view stated above. The interpretation which 
Voss (1934) has placed on his own profiles from Minnesota, Wisconsin, and 
Illinois is the converse of the view held by Sears and Fuller. He states: "The 
northern bogs, Coleraine and Highland in Minnesota . . . show that the type 
of vegetation has remained practically the same throughout their develop- 
ment" (1934, p. 39). Conifers have been the significant trees during the 
entire history of the bogs. He concludes, therefore, that no climatic fluc- 
tuations are indicated by the pollen diagrams of the bogs located upon drift 
of Substage IV of the Wisconsin Period (1934, p. 40). 

The recent increase of spruce in profiles from the northern stations is 
considered by Sears and Fuller to indicate a return to a cooler climate. Voss, 
however, believes that "In the Waupaca and Hayward bogs in Wisconsin ... 
the increase of Picea near the surface may be due to the presence of the 
bog spruce (P. mariana) on the surrounding mature bogs" (1934, pp. 10-11). 
Moreover, in summarizing his work on central Wisconsin and northern Illi- 
nois bogs, he says: "The pollen diagrams . . . indicate that conditions 
remained very uniform during the period represented by the upper two thirds 
of the diagrams" (1934, pp. 39-40). He therefore considers that no climatic 
fluctuations are proven in profiles of bogs found upon drift of Substage III 
of the Wisconsin Period, 

More recently, in profiles from nine bogs located on Tazewell drift in 
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Illinois, Voss (1937) again finds no evidence supporting the theory of a 
xerothermic period during postglacial time. The succession of forests as 
shown by the pollen diagrams is: (1) increase and dominance of the conifers, 
(2) decline of the conifers and advance of the deciduous forest. 

Wilson (1938) has reported on ten bogs related to shorelines of glacial 
Lakes Duluth, Algonquin, and Nipissing in Douglas County, Wisconsin. The 
fossil spectra indicate that upon each area of land that was progressively 
uncovered by the waters of the glacial lakes there developed a pioneer forest 
of Picea. This was variously replaced by pine and hardwood forests in re- 
sponse to the soils of the county. Throughout the profiles, there are two 
levels in which Picea is of marked importance: first, at the bottom; and sec- 
ond, at or near the top. Although a climatic significance has been attributed 
to this type of curve by other workers, he maintains that such a curve is also 
easily explained by local succession of trees upon the bogs. The second in- 
crease in Picea fossils has been shown to be contemporaneous with the transi- 
tion of peat from limnic to subaerial (Wilson and Galloway, 1937). 

GEOLOGY 
Since the origin of the Anoka Sand Plain is closely correlated with the 

last of the ice lobes that invaded Minnesota during the glacial epoch, a review 
of the ice movements of the Wisconsin Period seems pertinent. According 
to Leverett (1932, pp. 39-55), the advance in Middle Wisconsin time was a 
movement across the state which reached a point near the present sites of 
Minneapolis and St. Paul. It has been designated, therefore, as the Minne- 
apolis Lobe of the Patrician Ice Sheet (Cooper, 1935, p. 6). The young 
red drift deposited by this ice lobe is a sandy or loamy till containing rock 
fragments of all kinds and sizes. The visible result of this ice invasion is 
a terminal deposit of unusual strength and continuity, the St. Croix Morainic 
System (Leverett and Sardeson, 1932, pp. 39-42). 

While the Minneapolis Lobe was still present within the state but dis- 
tinctly on the wane, two new ice lobes invaded the region. One, the Superior 
Lobe of the Labrador Ice Sheet, traversed the basin of Lake Superior and 
reached a point in Minnesota sixty miles southwest of Duluth. The other 
and larger body was due to an ice advance southeastward from the Keewatin 
center in central Canada. It covered most of southeastern Minnesota and 
spread southward as far as Des Moines, Iowa, from which city it takes its 
name (Leverett and Sardeson, 1932, p. 56). The young gray drift of Min- 
nesota and neighboring parts of the Dakotas and Iowa was deposited by this 
ice sheet. It is characterized by an abundance of limestone, fine silt and clay, 
and few boulders. 

The origin of the Anoka Sand Plain has been described by Cooper as 
follows (1938): "The history of the Anoka Sand Plain is a complex one. 
When the Minneapolis Lobe of the Patrician Ice Sheet shrank away from 
its line of maximum extension it left behind a terminal accumulation of 
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unusual strength and continuity, the St. Croix Morainic System. The main 
drainage channel taking the meltwater from the west side of the receding 
ice edge became established between the morainic belt and the ice, following 
approximately the present course of the Mississippi southward from the 
vicinity of Brainerd to St. Cloud, and thence southeastward, still parallel 
to the moraine and just within it, to the apex of the lobe. 

"Very soon-probably while stagnant remnants of Patrician ice still lin- 
gered in the vicinity-the Des Moines Lobe of the Keewatin Ice Sheet ad- 
vanced from the northwest. From Brainerd to St. Cloud the area just 
vacated by Patrician ice was barely touched by this invasion, but between 
St. Cloud and Minneapolis, a strange extrusion from the Des Moines Lobe, 
the Grantsburg Sublobe, overrode the St. Croix Moraine and spread north- 
eastward a distance of 130 kilometers. 

"The trunk stream flowing within and parallel to the moraine was of 
necessity forced out of its course and compelled to skirt the advancing edge 
of the ice. At maximum extension the Sublobe made contact with relatively 
high land in Wisconsin, completing the encirclement of an extensive lowland 
and thus causing the appearance of Glacial Lake Grantsburg. Recession or 
disintegration of the Grantsburg Sublobe brought first of all drainage of the 
lake, and then a slow return of the Mississippi to its former course." 

The further history is given in more detail by Cooper in an earlier pub- 
lication (1935). ". . . the drainage from the west and northwest, which 
at the maximum had emptied into Lake Grantsburg, now skirted the ice edge 
as a glacial river of great size, which wore back the margin at a rapid rate. 
Often it encountered gaps in the continuity of the disintegrating ice sheet, 
and portions of its waters flowed through them, accelerating its disappear- 
ance and building up sedimentary deposits en route. With continued thin- 
ning of the ice, the waters came to flow in places over its surface, burying 
extensive masses beneath a load of sand and gravel. During the process, 
great expanses must have appeared as a chaotic maze of ice-blocks, sediment- 
laden watercourses and unstable sand flats. 

"With all this confusion there was a definite progressive shift in the 
path of the waters. The general subglacial surface was toward the south, 
and accordingly, as the northern margin receded in its irregular fashion, the 
skirting streams followed it, subject to frequent interference due to project- 
ing morainic masses. 

"The visible result of all these activities is a great outwash plain that 
covers a large part of the territory occupied by the Grantsburg Sublobe 
(Fig. 1). It is of an unusual type-not in any sense an apron derived from 
materials contributed directly by the adjoining ice, but built entirely of sedi- 
ments brought from considerable distances by a great river, flowing across 
an area only partly vacated by local ice. . . . It may be called the Anoka Sand 
Plain from the county in which it is most largely developed." 



500 RUSSELL C. ARTIST Ecological Monographs 

The total area of the plain, excluding the morainic masses occurring 
within it, is about 850 square miles. It occurs principally in four counties: 
Anoka, Isanti, Sherburne and Chisago. Its outer edges extend into portions 
of Mille Lacs, Ramsey and Washington counties. 
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FIG. 1. The Anoka Sand Plain, showing its relation to adjoining physiographic units and location of bogs studies. (After Cooper, 1938.) 1. Cedar Creek; 2. Tam- arack Lake; 3. Rabbit Lake; 4. Linwood; 5. Rice Lake; 6. Grass Lake; 7. Bethel; 8. Coon Lake; 9. Coon Creek; 10. Ham Lake; 11. Karmel; 12. Princeton; 13. Elk 
River; 14. Clear Lake. 

"The surface of the plain in various portions is practically flat, gently 
rolling, sharply rolling, or plateau-like with pits. Pits of all sizes occur, 
ranging from small shallow sags to depressions a mile or more in extent. 
Many are occupied wholly or in part by ponds or lakes. Peat deposits are 
numerous, some of them having a thickness of 15 feet and more. The pit 
bottoms, where not floored by peat, are mostly irregularly rolling" (Cooper, 
1935, p. 45). 

Detailed analysis of the materials of the sand plain shows that they are 
mainly composed of fine and very fine sands (Cooper, 1935, p. 46). While 
the ice was retreating from the area, the sand must have been saturated with 
water. Gradual lowering of the water table, brought about by downcutting 
of the Mississippi and its tributaries, made conditions favorable to invasion 
by plants. Cessation of downcutting brought stabilization of the water levels. 
The depressions still filled with water remained as lakes or ponds suitable to 
colonization by peat-forming species. Certain of the resulting bogs furnish 
the materials for the present investigation. All of those selected lie within 
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the boundaries of the sand plain itself-none upon the surrounding till have 
been considered. All have thus had an essentially similar physiographic 
history. 

LOCATION OF BOGS 

The locations of the fourteen bogs in which pollen analyses were made 
are shown on the map (Fig. 1). 

1. Cedar Creek bog is a tamarack and white cedar bog in the center of 
which a small body of open water still remains, surrounded by a quaking mat 
about 50 yards wide. At the water's edge there is a discontinuous zone of 
wild rice (Zizania aquatica L.) and water willow (Decodon verticillatus 
(L.) Ell.). It is about 4 miles northeast of the town of Bethel, in the north- 
east quarter of Section 27, T.34 N., R.23 W., Anoka County. 

2. Tamarack Lake occupies part of the southwest quarter of Section 4, 
T.33 N., R.22 W., Anoka County. It is an extensive and deep peat-filled lake 
with a quaking mat which will scarcely support a man's weight. There are 
no trees on the surface and the mat consists of grasses, rushes and sedges. 

3. Rabbit Lake, in the northwest quarter of Section 5, T.33 N., R.22 W., 
Anoka County, is a quaking tamarack bog with open water in the center. 
It appears on the soil map of the county (Smith et al., 1918) as a small 
open lake but is now almost completely covered over by the sedge mat. 

4. Linwood bog lies in a deep ice-block pit and has a stable surface 
covered with tamarack, Sphagnum and a few ericads. It is located near the 
town of Linwood on the property of Clifford Carlisle in the northeast quarter 
of Section 8, T.33 N., R.23 W., Anoka County. 

5. Rice Lake is also shown on the soil map as an extensive lake but is 
now practically covered by a quaking mat of grasses and sedges. It is in 
Bethel Township, in the northeast quarter of Section 24, T.32 N., R.23 W., 
Anoka County. 

6. Grass Lake, about two miles southeast of Bethel, occupies most of 
the northeast quarter of Section 10, T.33 N., R.23 W., Anoka County. It 
is a shallow peat-filled lake of the bog meadow type overgrown with grasses 
and sedges. 

7. Bethel bog is located beside Highway 65 about 1.5 miles south of 
Bethel in the northeast quarter of Section 5, T.33 N., R.23 W., Anoka County. 
It lies in a shallow ice-block pit and the peat is now completely covered with 
a luxuriant growth of leatherleaf (Chamcedaphne calyculata (L.) Moench.). 

8. Coon Lake is the only spruce-tamarack bog investigated and is located 
southeast of Coon Lake in Section 36, T.32 N., R.23 W., Anoka County. 
The principal vegetation consists of tamarack (Larix laricina (DuRoi) 
Koch.), black spruce (Picea mna-riana (Mill.) BSP), Sphagnum spp., Labra- 
dor tea (Ledurn groenlandicum Oeder.), and red-osier dogwood (Cornus 
stolonifera Michx.). 
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9. Coon Creek bog is situated in a deep depression and has a non-quaking 
mat on which the principal trees are tamarack, white pine (Pinos strobos L.) 
and paper birch (Betula papyrifera Marsh.). Its location is Section 26, 
T.32 N., R.23 W., Anoka County. 

10. Ham Lake bog is mature and the important trees are the same as in 
the Coon Creek deposit. It occurs southeast of Ham Lake in Section 21, 
T.32 N., R.23 W., Anoka County. 

11. Karmel bog, so named by the writer because of its proximity to the 
town of Karmel, is a mature bog located in the southwest quarter of Section 
3, T.36 N., R.25 W., Isanti County. The principal vegetation on the mat 
consists of tamarack, white pine, large-toothed aspen (Populus grandidentata 
Michx.), quaking aspen (P. trentuloides Michx.) leatherleaf, and bog birch 
(Betula pumila L. var. glandulifera Regel.). 

12. Princeton bog is located 6 miles northeast of the town of Princeton 
in the southeast quarter of Section 13, T.36 N., R.26 W., Mille Lacs County. 
It appears as a small oval depression surrounded by ridges of sandy outwash. 
The bog had been opened to pasture but the principal woody plants, tamarack 
and speckled alder (Alnus incana (L.) Moench.) still remained. 

13. Elk River bog is located 7.5 miles northwest of Elk River in the 
northwest quarter of Section 5, T.33 N., R.27 W., Sherburne County. The 
deposit is deep and the peat is stable, upon which the following plants were 
noted: tamarack, paper birch, elm (Ulmus americana L.), red-osier dogwood, 
raspberry (Rubus strigosus Michx.), bush honeysuckle (Dierzilla Lonicera 
Mill.) a sedge (Carex comosa Boott.), speckled alder, royal fern (Osmnunda 
regalis L.) and cinnamon fern (0. cinnamomea L.). 

14. Clear Lake bog is densely covered with tamarack, white pine and 
paper birch. It is a peat deposit occupying a depression in the sand plain, 
located 7.5 miles northeast of the town of Clear Lake in the northeast quarter 
of Section 23, T.35 N., R.29 W., Sherburne County. 

METHODS 

Erdtman (1931) has outlined a method whereby the earliest sediments 
in a bog may most likely be obtained. Preliminary drillings are made to 
determine the deepest portion of the bog, and at this point a single series of 
samples is taken at regular intervals from the surface to the bottom. This 
procedure was followed in the present study. There has been some con- 
troversy among bog pollen workers as to whether a single section gives a 
pollen spectrum typical of the entire bog. Sears (1930) has shown, from 
results of four borings in an Ohio bog, that considerable fluctuation does 
occur at corresponding levels in different parts of the same bog, but that the 
principal trends are equally clear in all sections. Recent studies of three 
bogs in each of which two drillings were made (Prettyman, 1937; Smith, 
1937; Barnett, 1937) gave pollen profiles which were essentially similar. 
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In the present investigation, therefore, it seemed advisable to make single 
drillings in a large number of bogs rather than to carry on more detailed 
studies in a single one, as was done in a previous study (Artist, 1936). Sam- 
ples of peat used for the microscopic analysis were collected at 20 centimeter 
intervals from the surface to the bottom by means of a peat sampler of the 
cylindrical type, a modification of the Swedish instrument used by Auer 
(1930). It consists essentially of a cylinder approximately 2.5 centimeters 
in diameter and 40 centimeters in length with a cutting edge which can be 
opened or closed by rotating the handle of the instrument. The peat is col- 
lected in a removable chamber which fits snugly inside the steel outer cylinder. 
Fifteen detachable one-meter rods were available, and these were marked off 
into 20 centimeter lengths for determining the depth of sampling. 

In all cases except one the peat or marl was found to rest upon sand; in 
Cedar Creek bog the bottom was not reached. As a precaution against con- 
tamination the samples were removed from the center of the core and quickly 
placed in numbered double-ended glass vials. The peat chamber was thor- 
oughly cleaned after each sample was removed. Notes were taken on the 
general physical character of the materials collected and the complete series 
of samples were brought into the laboratory and prepared for the microscopic 
analysis in their natural state of wetness. 

During the first part of the work, the procedure outlined by- Wilson and 
Galloway (1937, p. 114) was followed in preparation of the peat for pollen 
counts. This method differs from the usual alkali technique in that distilled 
water only is used and the peat is allowed to stand in glycerine jelly in a 
desiccator for 24-48 hours. The amount of time consumed in removing any 
traces of water from the material to be mounted was found to be the main 
difficulty; otherwise, the method gave good results. 

A number of other methods employed by various workers in pollen 
analysis (Sears, 1930; Voss, 1931; Potzger, 1932) were tried at some time 
during the course of the work, particularly the acetic anhydride treatment 
of Erdtman (1936) and the alcohol method of Geisler (1935). Erdtman's 
method entails an added amount of work with results but little better than 
can be obtained by a simpler technique, and that of Geisler was found to 
work well only when the pollen content of the peat was reasonably high. 
All these methods were given a fair trial but the procedure employed through- 
out the greater part of the present investigation gave the best and most 
consistent results and required little time. 

A quantity of peat was placed in a 100 cc. beaker, a sufficient amount 
of warm water to cover it was added and the material carefully broken up 
with the finger by pressing against the sides of the vessel. About 10 cc. 
of a one percent solution of NaOH was added and the material was warmed, 
care being taken that it did not come to the boiling point at any time. If the 
peat was very coarse and fibrous, it was strained through a 1 mm. copper 
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sieve to remove most of the debris. Examination of peat on test slides before 
and after straining revealed that surprisingly few of even the larger pollen 
grains were retained by the sieve. Enough safranin was added to color the 
liquid deeply, which was then centrifuged. The tip of a scalpel was used 
to remove a small amount of the material from the surface of the sediment 
in the centrifuge tube and to transfer it to a few drops of glycerine jelly 
on a cover slip which was then inverted onto a slide. Test slides were ob- 
served to determine in a general way the pollen frequency of the peat, which 
gave a rough measure of the necessary number of slides to be made. After 
cooling, the mounts were ready for counting under the microscope. 

Samples of marl were treated with concentrated hydrochloric acid to 
remove calcium carbonate. After the liquid had ceased to effervesce, the 
acid was washed out with water by centrifuging. The material was stained 
with safranin, again centrifuged and mounted in the manner described above. 
Without acid treatment of marl samples, it was difficult and often impossible 
to make out the finer details of the pollen grains due to masking by the 
finely divided carbonate. 

Identification of the fossil pollen was made by comparing with prepared 
slides of present-day pollen of the same genera. Pollen grains and spores 
of herbarium specimens and living plants were treated with NaOH and 
stained with safranin to simulate peat material. The works of Wodehouse 
(1935) and Sears (1930) were also helpful in the identification. 

A Leitz binocular microscope equipped with 10x oculars, condenser and 
a graduated mechanical stage was used in making the counts and identify- 
ing the pollen. In the first part of the work, 50 pollen grains on each of 
four slides were counted for each sample, the percentage being computed 
from a total of four. As the work progressed, it was found that with peat 
in which the pollen frequency was fairly high a count of 200 on a single 
slide gave equally good percentages. Many comparisons were made of rela- 
tive percentages obtained from counts of 100 and 200, and, as Potzger (1932) 
has shown, there were no significant differences. It is noteworthy that 
counts of 50 pollen grains on each of four slides for every sample were 
practically identical. All established the same relative percentage for the 
most abundant genera, but if only one slide was counted, infrequent pollen 
grains appearing in counts of 100 were often entirely absent. Throughout 
most of the work in the present study, therefore, 100 grains were counted. 
The absolute pollen frequency, or number of pollen grains per square centi- 
meter of slide material, was also determined. 

RESULTS 

Results of microscopic analyses of peat and marl samples from fourteen 
bogs on the Anoka Sand Plain are shown in the form of tables (1 to 15) 
and diagrams (Figs. 2 to 16). Only the curves of the most significant genera 
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are included in the pollen spectra. These are: Abies, Picea, Pinus, and 
Quercus. The pollen frequency percentages of the trees and shrubs not 
shown in the diagrams and of the families Compositwe, Graminewe, Nymphwea- 
ceae, and of Amaranth-Chenopod genera considered together are given in 
the tables. 

SEQUENCE OF PEAT LAYERS 

Field observation shows two types of bogs: the extensive, treeless sedge- 
grass marshes and the comparatively small and deep tamarack, white cedar 
or spruce bogs, the so-called muskegs (Soper, 1916, p. 56). Examination 
of peat samples in the laboratory, however, shows that the sequence of peat 
layers is generally similar in bogs of the two types. 

A generalized profile would include two distinct types of peat: (1) limnic 
peat, a layer varying in thickness from 0.2 meter to almost 4 meters, usually 
resting upon the sand bottom; and (2) carex peat, always above the first, 
of varying thickness, in some cases making up nearly the whole section. An 
additional layer of non-shell marl underlies the limnic peat in five of the bogs 
(Figs. 5, 6, 9, 10, 12) ; in two this makes a considerable part of the section. 

There are three exceptions to such a generalized profile. In Cedar Creek 
bog (Fig. 10), Sphagnum peat, not more than twenty centimeters in depth, 
occurs over an extremely deep deposit consisting of 8 meters of non-shell 
marl, 0.8 meter of limnic peat and 2.2 meters of Carex peat. Linwood bog 
(Fig. 4) has a layer of Sphagnum peat 3 meters in thickness above the usual 
sequence of limnic and Carex peat layers. The surface of Coon Lake bog 
(Fig. 3) in the area of sampling was found to be a coarse, fibrous and woody 
peat layer made up largely of branches and roots of trees and shrubs about 
0.2 meter thick. 

The peat designated as limnic consists of sedimentary organic matter de- 
posited under water. Wilson and Galloway (1937) consider as characteristic 
of this type such fossils as pollen and internal leaf trichomes of water lily, 
barbed and plain sponge spicules and diatoms. Carex peat is a general term 
for plant remains of the sedge-grass type, finely fibrous, dark brown to black, 
rarely containing the fossils noted above. 

Comparison of pollen spectra 
Comparison of the fourteen pollen spectra shows at once certain features 

common to all (Figs. 2 to 15). However, on the basis of the kind of pollen 
dominant in the lowest levels, the spectra may be divided into two main 
groups, characterized as follows: 

Group I includes ten bogs in which pollen of Abies and Picea is most 
abundant at the bottom. In five of these profiles (Figs. 2, 3, 4, 5, 6) initial 
dominance of Abies is followed by dominance of Picea, while in the remain- 
ing five (Figs. 7, 8,.9, 10, 11) Picea dominates first and is succeeded by 
Pinus, Abies being present in but minor amount. 
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Group II comprises four bogs in which, regardless of depth, no Abies 
or Picea maximum occurs in the bottom peat or marl, the earliest record 
beginning with dominance of Pinus and Quercus (Figs. 12, 13, 14, 15). 

The spectrum most typical of each group will be described in detail. Dis- 
cussion of other profiles will be limited to brief comparison with the type. 
The number following each bog refers to its location as indicated on the 
map (Fig. 1). 

GROUP I. PROFILES BEGINNING WITH DOMINANCE OF ABIES AND PICEA 

Coon Creek-bog (10; Table 1, Fig. 2) may be considered the type of five 
bogs which show the complete fossil succession of the region. The record 
begins with an overwhelming dominance of Abies pollen which comprises 
almost 90 percent of the total number of pollen grains counted at the lowest 
level. Picea and Pinus are present only in minor amount. It should be noted 
that Quercus pollen occurs very early in the history of the bog, first appear- 
ing at the level immediately above the bottom. The curve of Abies declines 
rapidly and Picea becomes the dominant pollen at 6.6 meters, later reaching 
a maximum of 61.5 percent at the 6.2 meter level. Picea, in turn, decreases 
rapidly and gives way to a Pinus maximum of 90 percent at 5.2 meters. 
Pollen of Abies disappears from the lower part of the diagram at 5.8 meters, 
while Picea continues, although in steadily decreasing amounts, to the 5-meter 
level. The latter occurs sporadically at higher levels, often accompanied by 
lesser amounts of Abies. 

Quercus attains its initial dominance at the 4.4-meter mark but is only 
slightly more abundant than Pinus. From this point upward, the curves of 
these genera show considerable fluctuation, crossing and re-crossing as one 
attains a maximum at the expense of the other. The relative pollen frequency 
of any one kind of pollen affects the percentages of all the others, and there- 
fore, where there is an increase in Quercus pollen, there must be a corre- 
sponding decrease in percentage of Pinus. 

Pollen of Betula, Alnus and Corylus (Table 1) is infrequent until the 
upper layers are reached. The birch pollen may be from the paper birch 
(Betula papyrifera Marsh.) or from the bog shrub (B. pumila L. var. 
glandulifera Regel) both of which may have grown upon the adjacent up- 
lands in the earliest times. The increase in Betula pollen near the surface 
may be correlated with the relatively late appearance of the latter species on 
the sedge mat. Ulmus appears early in the spectrum and reaches a frequency 
as high as 12.5 percent at the 4.8-meter level. Pollen of Juglans, Tilia, and 
Acer is rare and scattered through the section. A single pollen grain of 
Carya was found at the 4.8-meter level-the only one observed throughout 
the entire investigation. Pollen of Compositae, Gramineae, and of Amaranth- 
Chenopod type is abundant throughout the profile in comparison with other 
angiosperms except Quercus. An increase in pollen of Nymphaeaceae 
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(Nymphaea and Castalia) near the surface may indicate a return to an open 
water stage of the bog caused by a relatively brief wet cycle. 

Coon Lake Bog (8; Table 2, Fig. 3) is similar in its spectrum to the one 
described above. Dominance of Abies covers only at the lowest level, while 
Picea is dominant for a longer period. Both genera practically disappear from 
the diagram at the 3.8-meter level. A significant increase in the frequency 
of Ulnius to 8.5 percent appears at the same level. Piniws becomes the pre- 
dominant pollen early in the history of the bog and continues in control 
throughout except for two short periods of Quercus (lominance in the upper 
layers. A sharp decrease in Pinus and Quercus at the surface is p~robabl)y 
due to the great increase in pollen of Compositae (Table 2). 

This bog is the only one investigated in which black spruce (Picea mnarianla 
BSP) occurs today, and this may account for the definite re-appearance of 

TABLE 1. PERCENTAGES OF FOSSIL POLLEN FROM COON CREEK BOG 

Depth d 
in V ~ - 

meters -d -C * 
.$! V V 

J Ei 
E d E 

V 0 Cd C go U U U < _Q U' Z 

.20......... 50.0 2.0 2.0 2.0......... 22.0 ......... 8.0 9.0 4.0 .. 

.40 ... ... O. 24.0 .. 8.0 6.0 .........36.0 .. 2.0 4.0 6.0 10.0 3.0 .. 

.60 ........14.0 2.0 6.0 ... ......66.0 ........4.0 8.0 ..... 

.80......... 20.0 10.0 15.0..... .... ..32.0 ...2.0 ...8.0 12.0 3.0 .. 
1.00 ......2.0 40.0 1.0 4.0 ............30.0 .... .. ..6.0 11.0 4.0 .. 
1.20......... 50.0 5.0 3.0..... .... ..17.0 ......... 6.0 13.0 ...7.0 
1.40 ........60.0 .... 6.0 ... ......25.0 ........3.0 5.0 2.0 .. 
1.60 ........33.0 2.0 6.0 ... ......40.0 ........4.0 12.0 2.0 1.0 
1.80 ........25.0 5.0 3.0 ... .... ..43.0 ........9.0 10.0 5.0 .. 
2.00 ........5.0 .... 3.0 3.0 ........60.0 .....2.0 8.0 13.0 6.0 .. 
2.20 ........18.0 2.0 10.0 2.0 ........30.0 .....2.0 14.0 20.0 2.0 .. 
2.40 ........50.0 5.0 5.0 ... ......20.0 ........10.0 10.0 ..... 
2.60 .... 1.0 .... 60.0 .....2.0 ........20.0 .....2.0 3.0 6.0 4.0 2.0 
2.80 ........52.0 .... 1.0 ... .... ..23.0 .....1.0 8.0 11.0 2.0 2.0 
3.00 ........61.0 ... .... ......19.0 ........2.0 11.0 5.0 2.0 
3.20 ........44.0 1.0 1.0 ... ......24.0 .....2.0 10.0 10.0 5.0 3.0 
3.40 .... 2.0 3.0 49.0 .... 1.0 ... ......22.0 ........6.0 9.0 8.0 .. 
3.60 .....2.0 48.0 .... 2.0 ... .... ..28.0 ........4.0 6.0 10.0 .. 
3.80......6.0 54.0 .... 2.0 ... ......25.0 .... 1.0 .... 8.0 3.0 3.0 .. 
4.00 .....4.0 30.0 .... 1.0 ... ......30.0 .....2.0 16.0 11.0 6.0 .. 
4.20 .....3.0 33.0 .... 1.0 1.0 ........39.0 ........9.0 10.0 4.0 .. 
4.40 ........22.0 .... 6.0 ... .... ..27.0 .....7.0 11.0 23.0 4.0 .. 
4.60 .... 1.5 1.0 40.0 1.0 1.5 0.5 ........18.0 1.0 .... 12.0 7.0 15.0 2.0 .. 
4.80 ... ....50.0 1.0 1.5 .....0.5 .... 15.0 .... 1.0 12.5 4.0 11.0 3.0 0.5 
5.00 ... .. 2.0 52.0 1.0 4.5 .... 1.0 .... 1.5 8.0 .... 1.0 8.5 4.0 14.0 1.0 0.5 
5.20 .....1.5 89.0 0.5 1.0 1.5 ........4.0 .....2.0 0.5 ....... 
5.40 .....1.0 83.5 0.5 3.5 0.5 ........4.5 .....2.5 1.5 1.0 0.5 1.0 
5.60 .....12.0 87'. 5.... 3.5 .'. .......2.0 .....0.5 0.5 ....... 
5.80 .... 3.0 19.0 66.0 .... 4.5 1.0 ........1.0 .....4.5 0.5 0.5 ..... 
6.00.... 6.0 22.5 50.0 0.5 6.0 ... ......10.0 .....3.0 0.5 1.5 ..... 
6.20 .... 17.5 61.5 8.5 .... 3.0 ........0.5 4.0 .....1.0 1.5 4.5 .... 0.5 
6.40 .... 23.0 48.0 8.5 .... 6.5 0.5 ........6.5 ........3.5 3.0 0.5 .. 
6.60 .... 28.0 54.0 10.5 .... 0.5 ... ......2.0 .....1.0 2.5 1.5 ..... 
6.80 .... 75.0 23.5 0.5 ... .... ......1.0 ... .... ........ 
7.03 .... 89.0 9.0 0.5 ... .... .... .... ......1.0 0.5 ..... 
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Picea pollen near the surface. Wilson and Galloway (1937) believe that 
an increase in spruce pollen near the surface of the Forestry Bog in Northern 
\Visconsin may be correlated with the appearance of the black spruce on 
the organic soils of the bog. It must be noted, however, that in several bogs 
of the present study where today no spruce occurs, its pollen also reappears 
at the upper levels, though less definitely than in the Coon Lake bog. So 
slight an increase of Picea seems hardly sufficient evidence to justify Fuller's 
assumption , in discussing profiles from the Lake Michigan region (1935), 
that such facts indicate a return to a cooler climate. 

Liniuwood bog (4; Table 3, Fig. 4) also shows a profile similar to that of 
the Coon Creek deposit, Abies and Picea disappearing from the diagram very 
early ill its development. The curve of Pinus quickly reaches its maximum 
of 82 percent at 5.4 meters and then rapidly declines. Quercus dominates 
from the 4.8 to the 4-meter level, but this is followed by a very marked 
fluctuation between Pinus and Quercus throughout the greater part of the 
diagram. Ulmus was sufficiently abundant in the region to record a fre- 
quency of 10 percent. at the 5-meter level. 

Kariiiel bog (11; Table 4, Fig. 5). The record in this spectrum begins at 
the 4-nmeter level since the lowest four samples of marl failed to disclose the 

TABLE 2. PERCENTAGES OF FOSSIL POLLEN FROM CO0N LAKE BOG 

Depth . Ca 
in N~~ U 

meters , CC , 
.0 v~~~u 0 r.Z 

Surf.... 8.0 16.0 6.0 5.0 2.0 _ _ _ _ _ _ 6.0 . _ __ 9.0 31 0 13.0 .... 4.0 
0.20 ... 6.0 56.0 .. 5.0 4.0 . 17.0 .8.0 4.0 . 
0.40 .... .... 2.0 60.0 1.0 4.0 4.0 .... .... .... .... 15.0 .... .... 7.0 7.0 .... .... .... 
0.606.... .... ..60.55.0 .... 6.0 11.0 1.0 . ... ......15....15.0 .... 2.0 2.0 8.0....... 
0.80 .... ....... . 27.0 .... 1.0 5.0 2.0 .... 1.0 .... 45.0 .... 2.0 6.0 9.0 2.0 .... .... 
1.00 .... .... .... 51.0 .... 4.0 4.0 . 1.0........ 21.0 1.0 .... 4.0 14.0 . 
1..202.... .....391(.27.0 .... 3.0 9.0 1.0 ........4(... . 47.0 .... 2.0 5.0 6.0. .... 
1.40 . ... .... 55.0 .... 2.0 4.0 2.0 .... .... .... 17.0 .... . ... 4.0 12.0 4.0 .... . ... 
1.60 .... .... . 58.0 2.0 .....20.0 ... 1.0 6.0 11.0 2.0 . 
1.80 .... .... 1.0 56.0 .... .... 1.0. .... .... .... 23.0 ...... 06. 10.0 3.0. .... 
2.(0 0 .... 53.0 .... 2.0 3.0 .10.0 . 12.0 16.0 4.0 . 
2.20 .... 37.0 .... .... 2.0 .19.0 . 16.0 16.0 10.0 . 
2.40 .... 36.0 .... 1.0 3.0 1.0. .... .... 26.0 .... .... 11.0 12.0 10.0. .... 
2.60 .... .... 1.5 47.5 .... 2.5 5.5 0 .5 .... .... .... 30.0 .... 1.0 3.0 6.0 2.0 0.5 
2.80 .... 0.5 .... 52.5 .... . 1.5 0.5 .... 0.5 . 27.5 .... .... 2.5 12.5 1.5 0.5 
3.00 .... .... .... 40.0 .... . 1.5 .... .... 1.0 1.0 26.5 0.5 2.0 4.5 15.5 7.0 .... 
3.20 ... 0.5 .... 50.0 .... .... 2.5 .... .... .... . 28.5 2.5 4.0 8.0 1.5 .... 
3.40 . .. .... 0.5 50.0 .... 1.5 5.0 1.0 .... 0.5 0.5 20.C 1.0 4.0 1.5 8.5 4.0 2.0 
3.60 ..... . 72.5 . ... 2.5 . . .8... 8.5 .... 5.0 3.5 5.0 2.0 1.0 
3 .80 .... 0.5 0.5 62.5 0.5 4.0 . . . 9.0 1.0 8.5 7.0 5.5 0.5 0.5 
4.00.... 0.5 3.0 80.5 .... .... 2.0 ... .... .... .... 5.5 .... 5.0 2.0 1.5 .... .... .... 
4.20.... 1.5 3.0 81.5 ... 0.5 5.5 . . . 3.5 .... 2.0 0.5 1.5 . 
4.40 .... 2.0 70.0 21 .0 ...... 2.5 . . . 1.5 .... 1.0 0.5 1.5 .. .... .... 
4.60.... 5.0 77.5 11.0 .... 2.5 . . . 1.0 .... 0.5 1.0 1.0 .. 0.5 
4.80.... 15.5 55.0 8.5 .. 5.0 . . . 4.5 .... 1.0 0.5 4.5 0.5.... .... 
5.00.... 47.5 31.0 10.0 .... . . 2.0 . . . 4.5 .... .. 1.0 4.0. .... .... 
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presence of fossils. Its pollen curves are similar to those of the type. Abies 
and Picea, respectively, reach a maximum and then decline; the former is 
eliminated at 3.4 meters while Picea continues to appear here and there in 
minor amount upward. Pinus rises to dominance at 3.4 meters but quickly 
gives way to a Quercus maximum extending from the 3.2 to the 2.6-meter 
level. After a period of fluctuating dominance, Pinus again gains control at 
1.8 meters and maintains it to the surface. The sharp decrease in the fre- 
quency of both genera in the surface peat is probably due to the great increase 
in pollen of Compositae, which comprises 30 percent of the total count. 

Princeton bog (12; Table 5, Fig. 6). This section is but 3.4 meters in 
depth, yet it carries a complete record of the microfossil succession. Follow- 
ing the initial dominance of Abies and Picea, respectively, a striking increase 
in Abies pollen to a frequency of 76 percent occurs at 2.8 meters. Picea 
again supersedes Abies and reaches a frequency of 35 percent, then disappears 
abruptly from the lower two-thirds of the spectrum. Initial dominance of 
Pinus occurs at the 2.6-meter level. As in the Karmel bog, an abrupt de- 

TABLE 3. PERCENTAGES OF FOSSIL POLLEN FROM LINWOOD BoG 

Depth in 
meters - .-. X 

4) 0 C - 0 
0-4 -4 14 P U U (5 P 0 U 4~ Z 

0.20 ......... ..50.0 3.0 9.0 ....... .. ..15.0 .... 4.0 2.0 17.0 ..... 
0.40 ....... ... 61.0 1.0 9.0 ............ 20.0 .... 1.0 3.0 5.0 ..... 
0.60 ..........52.0 .... 13.0 ... .... ..27.0 .....3.0 5.0 ..... 
0.80 ......... ..47.0 2.0 6.0 .. 1.0 .... ..28.0 1.0 .... 7.0 8.0 ..... 
1.00 ......... ..20.0 .. 2.0 ....... .. ..62.0 .. 2.0 6.0 7.0 1.0 .. 
1.20 ......... ..41.0 .. 6.0 .. 1.0 .... ..40.0 .. 1.0 6.0 2.0 3.0 .. 
1.40 ....... ... 42.0 1.0 7.0 ............ 36.0 2.0 3.0 6.0 3.0 ..... 
1.60 ....... ... 32.0 1.0 7.0 ............ 45.0 .... 1.0 10.0 4.0 ..... 
1.80 ....... ... 30.0 ...5.0 ............ 50.0 ...4.0 6.0 2.0 3.0 .. 
2.00 ....... ... 56.0 1.0 2,0 ............ 37.0 .. ... 2.0 1.0 1.0 .. 
2.20 ....... ... 58.0 ...3.0 1.0 ......... 19.0 ...1.0 5.0 12.0 1.0 .. 
2.40 ....... ... 39.0 1.0 1.0 ............ 50.0 .. ... 6.0 2.0 1.0 .. 
2.60 ....... ... 37.0 1.0 4.0 .. ... 1.0 ...36.0 .. ... 9.0 12.0 2.0 .. 
2.80 ....... ... 45.0 1.0 4.0 ...1.0 .. ... 27.0 .... 1.0 10.0 12.0 ..... 
3.00 ....... ... 49.0 2.0 2.0 ............ 26.0 .. ... 9.0 13.0 1.0 .. 
3.20 ....... ... 27.0 1.0 ............... 37.0 .. ... 12.0 22.0 1.0 .. 
3.40 ....... ... 20.0 1.0 1.0 ............ 43.0 .. ... 15.0 17.0 2.0 .. 
3.60 ....... ... 38.0 ...3.0 ............ 26.0 2.0 1.0 12.0 17.0 2.0 .. 
3.80 ....... ... 37.0 ...4.0 ............ 30.0 .. ... 17.0 10.0 3.0 .. 
4.00 .....----... 29.0 ...2.0 ............ 38.0 1.0 2.0 13.0 11.0 4.0 .. 
4.20 ....... ... 19.0 ...1.0 ............ 37.0 ...4.0 18.0 15.0 6.0 .. 
4.40 ....... ... 18.0 2.0 2.0 0.5 ......... 40.5 0.5 4.0 10.5 22.0 2.5 .. 
4.60 ....... ... 23.0 ...2.0 ......... 1.0 50.0 1.0 ...9.0 11.0 3.0 .. 
4.80 ....... ... 29.0 ...2.5 ...0.5 .. ... 34.0 ...5.5 11.5 12.5 4.0 .. 
5.00 ....... ... 39.0 ...9.0 0.5 1.5 .. ... 25.0 ...10.0 3.5 13.0 1.5 .. 
5.20...... . 60 . ..W0 0.5 4.0 0.5 2.5 .. ... 9.5 1.0 7.5 5.0 7.0 1.0 1.5 
5.40 ....... ... 82.0 ...2.5 ............ 6.5 1.0 3.0 2.5 1.0 1.5 .. 
5.60...... 0.5 .... 76.5 2.0 4.0 1.0 1.0 0.5 ... 4.5 ... 5.5 2.0 2.0 1.0 .. 
5.80......42.0 25.5 8.5 1.0 8.51 . 1.5 .. ... 3.0 0.5 .... 5.0 2.0 .... 2.0 
6.00......53 .0 31.0 8.5 ...1.0 ............ 1.0 .... 1.0 3.0 3.0 ..... 
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TABLE 4. PERCENTAGES OF FOSSIL POLLEN FROM KARMEL BOG 

'0 
Depth ~~ ~ 

in - 0 
meters . U a 0 ~~~ c 0 ~~~~~~~~~ ~0. 0 

UCJ 
...4 4 44 P U 0 U Z 

Surf......... 12.0 8.0 21.0 ...8.0 ......... 4.0.....10.0 30.0 7.0 .. 
0. 20.........60.0 1.5 10.0 ................20.0 3.5 .. 0.5 3.5 1.0 .. 
0.40......... 76.5 2.0 3.5 .............11.5 0.5 .... 3.0 3.0 ..... 
0.60 .....0.5 76.5 2.0U 5.0 .............10.0 .....4.0 2.0 ..... 
0.80......... 75.0 ...1.5 .... 0.5 ........17.0 .....3.5 1.0 ..... 
1.00......... 62.5 2.0 4.5 ......... 0.5 ...21.0 0.5 1.0 5.5 2.0 ...0.5 
1.20 .... 1.0 .... 59.5 3.0 10.5 .. .... . . 0.5 ...17.0 ... 1.5 4.5 2.0 0.5 .. 
1.40.... ..1.5 60.0 2.0 5.5 1.0 .... ..2.0 .. 18.0 1.0 2.5 2.5 3.0 .. -1.0 
1.60.... ..0.5 49.5 1.0 4.0 ............... 27.0 2.0 3.5 9.0 3.0 0.5 .. 
1.80......... 53.5 ...9.0 ............... 24.5 0.5 ...8.5 1.5 ...1.5 
2.00 .........19.5 0.5 3.5 ................47.5 0.5 .. 18.5 9.0 1.0 .. 
2.20.... ..0.5 54.5 ...2.5 ...1.0 .. ... 2.0 25.5 .. ... 7.5 5.0 4.5 .. 
2.40 .........58.5 .. 3.0 .... ..0.5 .. 2.0 22.0 1.0 2.0 5.5 3.0 2.0 0.5 
2.60.... ..1.5 38.0 0.5 1.5 ............... 43.5 .. ... 4.5 5.0 5.5 .. 
2.80......... 27.0 ...2.5 ............... 45.0 ...0.5 8.5 7.5 10.0 .. 
3.00.... ..0.5 29.5 ...0.5 ............... 48.0 ...0.5 7.5 4.5 9.0 
3.20.... ..1.5 30.5 ...3.0 ............... 39.0 .. ... 10.0 7.0 7.5 
3.40 .... 4.5 10.5 40.0 ... 0.5. ... . . ..... .....23.0 0.5 ... 5.5 8.5 8.0 .. 
3.60 .... 13.5 63.0 8.0 0.5 7.0 .............4.5 .....1.0 2.5 ..... 
3.80..... 44.0 35.5 5.0 .... 1.0 .............8.0 1.0 ....- 1.0 5.5 ..... 
4.00 .... 67.5 19.5 3.5 ..................3.0 .....4.5 2.0 ..... 
4.20 ............................................. 

crease in the frequency of Pinus at the surf ace may be due to the greater 
relative abundance of Compositae pollen. 

Ham Lake bog (10; Table 6, Fig. 7) may be considered most typical of 
five bogs in which Picea is the first dominant pollen at the bottom, while 
Abies is present in but minor amount. The spectrum begins with a definite 
maximum of Picea showing a frequency of 86.5 percent. Abies, Pinus and 
Quercus each show less than 5 percent at the same level. As Picea rapidly 
declines, Pinus reaches its initial maximum at 4.6 meters, and except for 
two brief periods of Quercus dominance in the middle part of the profile 
continues in control to the surface. 

Elk River bog (13; Table 7, Fig. 8) shows a pollen spectrum very similar 
to that of the Ham Lake deposit. A high frequency of Picea pollen, 79.5 
percent, is recorded in the bottom peat, while Abies is present only in minor 
amount. This profile differs from those described above in that the curves 
of Pinus and Quercus show no fluctuation throughout the spectrum. Pinus 
continues up one side of the diagram and Quercus up the other. This is the 
reverse of the relative positions of these two genera in the Illinois bogs (Voss, 
1934), where a long period of Quercus dominance follows the decline of 
Abies and Picea. Due to the very low pollen frequency of the peat (less 
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than 1 per square centimeter) a break occurs in the record from the 3-meter 
to the 1.8-meter level. 

Rice Lake bog (7; Table 8, Fig. 9). The section here is not as deep as the 
last but its pollen curves are in general quite similar. Picea pollen is dominant 
for an extended period in the lower levels and is superseded by Pinus, which 
remains in control throughout the remainder of the section. No Quercus 
maximum is recorded in this profile. 

Cedar Creek bog (1; Table 9, Fig. 10) shows the deepest section of peat 
and marl encountered in the present study. At a depth of 11 meters the 
sampler was still in the highly compacted non-shell marl. Repeated efforts 
to penetrate deeper resulted in damage to the instrument. The lowest sam- 
ples obtained indicate that the bottom was not far distant. The pollen curves 
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FIG. 6. Pollen diagram of Princeton bog. A.P.F.: absolute pollen frequency. 
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TABLE 5. PERCENTAGES OiF FOSSIL POLLEN FROM HAM LAKE BOG 

Depth 0 
in 

meters ~- ~ ~ ~ ~ ~ 
H ~~~~~ ~ U ~ 0 U0 Z 

0.20......... 86.0 0.5 0.5 ... ....... .4.0 1.0 2.0 3.5 2.5 
0.40.-..... ..85.0 ...0.5 2.0 ......... 0.5 3.0 0.5 0.5 4.5 3.5 ..... 
0.60......... 78.0 .. ... 1.0 ............ 9.0 0.5 2.5 5.5 1.5 2.0 .. 
0.80......... 71.0 ...1.0 3.5 ............ 19.5 ...1.0 2.5 1.5 0.5 .. 
1.00..... ... 62.5 . 1.5 7.5 ............ 16.5 0.5 1.5 2.5 4.5 3.0 .. 
1.20........ . 72.0 ... 0.5 1.5 0.5 1.0 .,.12.0 ... 0.5 3.0 5.0 ... 4.0 
1.40......... 57.5 .. ... 4.0 1.5 .. ... 17.5 0.5 0.5 4.0 7.5 1.0 4.0, 
1.60......... 58.0 ...1.5 2.5 ............ 22.0 0.5 2.5 7.0 6.0 ...0.5 
1.80......... 59.0 0.5 0.5 2.5 .. ... 1.0 ...27.5 0.5 1.5 5.0 .... 2.0 1.0 
2.00........ . 54.0 0.5 0.5 4.0 ... 1.0 ... 0.5 28.0 ... 1.5 5.0 2.5 2.5 2.5 
2.20... ..... . 6.0 ... 3.5 4.5 ... 1.0 0.5 ...60.0 ... 2.5 8.5 11.0 2.5 .. 
2.40......... 15.5 0.. .5 6.5 .......I.... 52.0 0.5 2.0 4.5 12.5 3.0 
2.60......... 48.0 .. ... 1.0 0.5 ......... 33.0 1.0 1.5 1.5 9.5 4.0 
2.80......... 50.0 .. ... 2.5 0.5 .. ... 1.5 27.5 1.5 8.0 5.5 3.0 
3.00......... 6.0 ...0.5 4.0 ............ 63.0 4.0 8.5 11.0 5.0 
3.20 .. .. ... 1.0 .. ... 3.5 ............ 62.5 ...6.0 12.0 13.5 1.5 
3.40......... 17.0 .. ... 4.0 ............ 41.5 0.5 9.0 12.0 14.0 2.0 
3.60......... 17.0 .. ... 4.0 ............ 40.5 ...4.0 32.0 25.0 6.0.. 
3.80 ......1.0 46.0 ...0.5 4.5 ...0.5 .. ... 21.5 0.5 10.0 5.5 6.0 4.0 
4.00 ......1.0 75.0 ...0.5 6.0 ............ 8.5 ...5.0 2.0 1.0 1.0 
4.20 .... 0.5 1.0 75.0 .. ...1.5 ....... .. ..7.0.. ... 3.0 2.0 1.0 
4.40 ......5.0 73.0 0.5 9.0 .. ......... 7.5 ...1.5 1.0 2.0 0.5 .. 
4.60 .... 2.0 26.0 53.0 0.5 9.5 ............3.5 ...2.5 2.5 3.0 .... 
4.80 .... 5.0 71.0 5.5 0.. .5 8.5 ............ 7.5.... .. ..1.5 0.5 
5.00.... 2.5 70.0 6.0 .. ...4.5 ......... ..9.5 ......5.5 1.0 0.5 .. 
5.20.... 4.5 86.5 1.0................. .... 1.5......1.5 1.0 ..... 

TABLE 6. PERCENTAGES OF FOSSIL POLLEN FROM PRINCETON BoG 

0 
Depth in 
meters 0 

0 
U 

5U 

Surf..... . 3.0 39.0 6.0 6.0 2.0 12.0 32.0 .. 
0.20...... 2.0 73.0... .. .2.0... .15.0 4.0 4.0 
0.40 .....1.0 2.0 75.0 .. 1.0 1.0 2.0 ..... 14.0 4.0 .. 
0.60...... 3.0 89.0 .. 2.0 .. 2.0 .. 4.0 .. .. 
0.80...... 1.0 34.0 3.0 1.0 ..26.0 2.0 . 13.0 16.0 4.0 
1.00........ 1.0 58.0 2.0 1.0 ..13.0 ..... 15.0 10.0 
1.20.......... 62.0 .. ... ...20.0 ..... 18.0 
1.40........ 2.0 18.0 10.0 2.0 2.0 32.0. ....22.0 10.0 2.0 
1.60.......... 30.0 4.0 10.0 ..38.0 4.0 4.0 
1.80.......... 28.0 2.0 2.0 ..40.0. ....20.0 8.0 .. 
2.00.......... 16.0 4.0 4.0 . 36.0 ..... 24.0 .. .. 
2.20.......... 37.0 .. 7.0 ..30.0 ..... 14.0 7.0 5.0 
2.40 .....18.0 35.0 ... .. ... 20.0 ..... 15.0 10.0 .. 
2.60 ........30.0 50.0... .... 4.0... ..... 6.0 10.0 
2.80 ... ..76.0 24.0 .. .... .. .. 
3.00 .....27.0 49.0 6.0 ... .. .12.0 .. .. 6.0 .. .. 
3.20 .....58.0 20.0. . . .. ........ 17.0 ... 5.0 
3.40 ... ..42.0 18.0 26.0 2.0 2.0 .. 4.0 .. 6.0 .. .. 
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TABLE 7. PERCENTAGES O-F FOSSIL FRO-M ELK RIvER BoG 

0 
4) 

Depth in 
meters ,C- 0. ~~~ 4) ~~~~~~0 0 - 0 

U 0'H~0 U Z 

Surf............. . 64.0 ... ..... . 2.0 1.0 ... 14.0 15.0 4.0 .. 
0.20 ......... ... 84.0 ......... 4.0 .. ... 8.0 4.0..... 
0.40 ......... . . . 83.0 ... ..... . 5.0 1.0 ... 7.0 4.0 ... .. 
0.60 ......... . . . 79.0 .... 1.0 ... 5.0 .. ... 2.0 9.0 1U.0 . 
0.80........... 2.0 78.0 ... ...... 8.0 .. ... 3.0 6.0 3.0 .. 
1.00 ......... . . . 84.0 .... 3.0 ... ......... 5.0 3.0 2.0 .. 
1.20..... .. .... 1.0 75.0 .... 1.0 ... 5.0 2.0 ... 6.0 8.0 2.0 .. 
1.40........1.0 1.0 89.0 ... .. ... ..... . . .. . 4.0 3.0 ... .. 
1.60 ......... . . . 80.0 .... 2.0 ... 9.0 .. ... 6.0 2.0 1.0 .. 
1.80 ......... ... 84.0 .. ... 2.0 2.0 .. ... 8.0 4.0 4.0 .. 
2.00 ......... . . . 80.0 ... ...... 4.0 .. ... 4.0 12.0 ... .. 

3.00 ......... ... 85.0 ......... 4.0 .. ... 7.0 3.0 1.0 .. 
3.20 ......... . . . 86.0 2.0 2.0 ... 8.0 .. ... 2.0 ... .. 
3.40 ......... . . . 88.5 .... 5.0 ... 2.0 ... 3.0 1.5 .. .. .. 
3.60..... .. .... 1.5 90.5 .... 1.0 ... 1.5 ... 3.0 1.0 0.5 ... 1.0 
3.80..... .. .... 1.0 83.0 .... 4.5 ... 1.5 ... 3.5 4.0 1.0 ... 1.5 
4.00........ 1.5 4.5 85.0 .... 2.0 ... 1.0 ... 2.0 2.5 0.5 ... 1.0 
4.20........10.0 35.0 31.5 .... 8.0 ... 3.5 ... 2.0 4.0 2.0 ... 4.0 
4.40........ 7.5 57.5 24.0 .... 1.5 ... 1.0 ... 0.5 5.0 .. . . . 2.5 
4.60........28.5 55.5 4.5 0.5 1.0 ... 2.0 ... 0.5 4.0 1.5 0.5 2.0 
4.80........6.5 79.5 4.5 .... 3.0 . . . . .. . .... 4.0 2.0 .. 0.5 

TABLE 8. PERCENTAGES OF FOSSIL POLLEN FROM RICE LAKE BOG 

0 ud 
'0 Cd 

Depth in r. V. meters Cd 0 .- 0 

U 0H )0U Z 

0.20 ......... . . . 70.0 ... 3.0 3.0 17.0 .. ... 2.0 5.0 ... .. 
0.40 ......... . . . 55.0 ... 4.0 3.0 25.0 ... ... 6.0 7.0 ... .. 
0.60 ......... . . . 47.0 ... 6.0 ...36.0 .. ... 5.0 4.0 2.0 
0.80........... 1.0 55.0 ... 3.0 ... 32.0 .. . . . 2.0 7.0 ... .. 
1.00 ......... . . . 60.0 ... 2.0 ...20.0 .. ... 8.0 7.0 3.0 .. 
1.20........... 1.0 65.0 ... ...... 17.0 3.0 ... 7.0 3.0 4.0 
1.40 ......... . . . 48.0 1.0 1.0 ...34.0 .. ... 7.0 7.0 2.0 .. 
1.60........... 1.0 57.0 2.0 1.0 1.0 27.0 .. ... 4.0 5.0 2.0 
1.80 ......... . 2.0 58.0 2.0 .. ... 18.0' .. ... 2.0 12.0 6.0 .. 
2.00 ......... . 2.0 50.0 1.0 3.0 ... 25.0 1.0 ... 7.0 10.0 1.0 
2.20 ......... ... 80.0 ......... 12.0 .. ... 1.0 5.0 2.0 
2.40....... ...... . 96.0 ... 1.0 ... 2.0 ... ..... . 1.0 ... .. 
2.60 ......... . . . 80.0 ... 3.0 ... 5.0 ... 4.0 3.0 5.0 ... .. 
2.80........... 2.0 95.0 ... .. . . . 3.0 ... .. ... .. ... .. 
3.00........... 1.0 94.0 .. .... . ... .... 1.0 1.0 ... .. 
3.20 ......... . 1.0 87.0 ... 5.0 1.0 4.0 .. . . . 2.0 .. .. .. 
3.40........2.0 25.0 68.0 ... ...... 2.0 ... .. ... 2.0 .... 1.0 
3.60........ 5.0 52.0 33.0 ... 2.0 .. . 4.0 .. . . . 2.0 2.0 
3.80........8.0 78.0 3.0 ... ...... 4.0 .. ... 3.0 1.0 2.0 1.0 
4.00........ 9.0 62.0 20.0 ... 2.0 ... 3.0 ... 1.0 1.0 2.0 ... .. 
4.20........17.0 67.0 4.0 .. ... 1.0 5.0.... . 1.0 L 3.0 2.0 
4.40........30.0 63.0 ... ......... 5.0 ... ...... 2.0 ... .. 
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are similar to those of Rice Lake bog except in the case of Abies. In the 
lowest level its f requency is very low, but at 10 meters it increases to a 
maximum of 45 percent, then disappears very abruptly f rom the diagram. 
Samples taken at closer intervals might have disclosed the same gradual 
decline of Abies that has been noted in all the preceding spectra. It is prob- 

DEPTH 
M. 

1g0'300 LEGEND 
.20 - - - - - - 

~~~~~~~ABIES 
.40 - 

----ii 

.60 - ---- - -PICEA 

PINUS 
l.00__li 

120 - - - -QUERCUS 

1.60 - -- "I'" ~~~~~CAREX 
-- ~~d11II11Ii PEAT 

1.80 - - -111 IJEi 
2.00 - -- 

I'll ~LIMNIC 

2.2 0 ~ ~~~~~~~~~~iIiIPEAT 

2.401111El 

2.60 - 

MARL 
2.80 --- ----L 

3.00 --- ---- 

3.20-- _ 

3.40 - --FT 

3.60 - _ _ - _ 

3.80 - __ - - 

4.00 \' -- - 

4.20 -( 

4.40 
%10 2 030'40 5060 70 8090 A.PF 

FIG. 9. Pollen diagram of Rice Lake bog. A.P.F.: absolute pollen frequency. 
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able that this Abies maximum is a second return to dominance as in the 
Princeton profile (Fig. 6) while the record of the first may be present in 
the lower sediments which were not obtained. Quercus and Pinus pollen is 
present at all levels in the spectrum but their curves remain widely separated, 
with Pinus dominant throughout. A very slight increase in Picea pollen 
appears in the upper layers although this tree is not present today in the 
immediate vicinity. Voss (1934) attributes a similar increase in spruce near 
the surface of two bogs in Wisconsin to the presence of the bog spruce 
(P. mariana.) on the surrounding mature bogs. The same explanation seems 
tenable here, since P. inariana BSP has been found less than two miles away. 

TABLE: 9. PERCENTAGES OF FOSSIL POLLEN FROM CEDAR CREEK BOG 

Depth in T 0 
meters CAE 

0.20 ........ 3.0 83.0... ..... 6.0 ... 1.0 5.0 1.0 1.0 
1.00 ........ 2.0 76.0 .. 4.0 2.0 4.0 ... 2.0 10.0 .. .. 
2.40 ..... .. 2.0 58.0 3.0 2.0 ..21.0 1.0 ... 10.0 3.0 .. 
3.00.......... 56.0 1 .0 1.0 3.0 15.0 11.0 ... 4.0 8.0 1.0 
4.00........ 60.0 1.0 2.0 1.0 20.0 2.0 ... 5.0 4.0 5.0 
5.00.... ... 53.0... ..... 26.0 2.0 1.0 6.0 6.0 6.0 
6.00.......... 46.0 .. 1.0 1.0 23.0 1.0 ... 10.0 15.0 3.0 
7.00 ..... .. 1.0 59.0 .. .. 2.0 9.0 .. 1.0 9.0 14.0 5.0 
8.00 ..... .. 1.0 47.0 .. 2.0 ..20.0 .. 2.0 12.0 12.0 4.0 
9.00 ..... .. 4.0 78.0... ..... 1.1.0 ... 2.0 1.0 1.0G 3.0 

10.00.....45.0 10.0 22 .0 .. 18.0 .. 5.0 .. .. .. .. 
11.00.....19.0 40.0 28.0... .... 7.0 .. 1.0 

Grass Lake bog (4; Table 10, Fig. 11I) is only 2 meters in depth but the 
bottom peat records dominance of Picea pollen and a very small amount of 
Abies which disappears at the next level above. Quercus and Pinus fluctuate 
in the middle part of the spectrum but the latter is the outstanding pollen in 
the upper layers. A slight decrease in the frequency of both genera in the 

TABLE 10. PERCENTAGES OF Fossu. POLLEN FROM GRASS LAKE BoG. 

N~~~~~' 
Depth in 
meters ~- - U. 

4) 0 ~~~~~ -~ ~ ~ EQ5 

Surf ...... . . 44.0 2.0 ..12.00. ...32.0 6.0 4.0 
0.20...... . . ..50.0 1.0 6.0 ..27.0 1.0 1.0 7.0 6.0 1.0 
0.40...... .. ..47.0 .. 5.0 1.0 30.0 .. .. 5.0 11.0 1.0 
0.60...... .. ..41.0 2.0 2.0 1.0 42.U) .. 1.0 7.0 4.0 .. 
0.80 ........ 1.0 40.0 2.0 2.0 2.0 32.0 .. 3.0 9.0 8.0 1.0 
1.00........ . . 29.0 2.0 2.0 2.0 41.0 1.0 2.0 11.0 8.0 2.0 
1.20........ ..58.0... ..... 25.0 .. .. 6.0 4.0 7.0 
1.40 ........ 8.0 56.0 2.0 .. 9.0 1.0 .. 5.0 9.0 10.0 
1.60 ........15.0 40.0 -5.0 .. .. 8.0 ..... 10.0 10.0 12.0 
1.80 .....2.0 50.0 26.0 6.0 ..... 10.0 .. .. 2.0 4.0 .. 
2.00 .....3.0 65.0 13.0 1.0 .. 3.0 11.0... ..... 4.0 .. 



October, 1939 POLLEN SPECTRUM STUDIES 523 

DEPTH 
M. 

.00_ 

% 4080 02 304 506 708 90A FLEGEND 
- ~~~~~~~~0ABIES 

.20- ~ ~ ~ ~ ~ ~ - 

.60 PINUS 

G P.80 PROFILES BEINNING WITHDOMINANCE O PINU ANDQUERCUS 

l.00.. -CAREX 

1.20 ~~~~~~~~~~PEAT 

1.40 - - - - - - - ~~~~~~LIMNIC 
1.60 -PEAT 

1.80 -t - - - 1 peat 

2.00- - - - - 

% 10 20 3040 5060 70 8090 A.PF 
FIG. 11. Pollen diagram of Grass Lake bog. A.P.F.: absolute pollen frequency. 

surface peat is probably to be correlated with the very marked increase in 

pollen of Graminere. 

GROUP II. PROFILES BEGINNING WITH DOMINANCE OF PINUS AND QUERCUS 

Tamarack Lake bog (2; Table 1 1, Fig. 12) in Anoka County may be con- 

sidered the type spectrum of this group of four bogs. The materials of this 

deposit consist of about 5 meters of non-shell marl, 0.8 meter of limnic. peat 
and above this a layer of carex peat 2 meters in thickness. This profile is 

similar to that of the Cedar Creek deposit in which a depth of 9 meters of 

marl was encountered. In the lowest level, pollen of Pinus represents more 
than 90 percent of the total grains counted, while the frequencies of Abies, 
Picea, and Quercus total less than 10 percent. Due to the fact that the pollen 
frequency of the marl dropped to less than 1 grain per square centimeter 
from the 6.2 meter to the 5 meter level, a break occurs in an otherwise con- 

tinuous record. A single Quercus maximum of 42 percent appears at 3.4 
meters and a trend toward a second is shown a little higher up at 2.8 meters. 
Throughout the remainder of the spectrum, Pinus is predominant. 

It is striking that the pollen record of so deep a deposit should begin 

with Pinus as the dominant pollen while other more shallow bogs (Figs. 5, 

6) show distinct Abies and Picea maxima. The bottom sediments were cer- 

tainly obtained in this bog since the lowest sample of marl rested upon fine 

sand. A bog in Wisconsin reported by Hansen (1937) shows a similar spec- 
trum in that the record begins with Pinus. 
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Bethel bog (7; Table 12, Fig. 13) is but 1.6 meters in depth and is the 
shallowest deposit investigated. Its pollen spectrum, however, is similar to 
that of the very deep profile just described. Pinus pollen is dominant at the 
bottom of the bog and continues in control throughout. The percentage of 
Quercus is slightly higher in the lower levels, while Abies and Picea. are 
entirely absent. The meager showing of spruce pollen in the upper layers 
may be from black spruce growing on other bogs in the region. 

Rabbit Lake bog (5; Table 13, Fig. 14) is similar to the Bethel deposit 
except that an extended period of Quercus dominance appears in the lower 
portion of the spectrum. At the 1-meter level, however, Pinus gains control 

TABLE 11. PERCENTAGES- OF FosSIL POLLEN FROM TAMARACK LAKE BOG 

Depth in 04 
meters - 

1 
-o0 

0 
4 0 5 U 0 41 

U O~E- 0 0 

Su rf .............60.0 ........2.0 ... ..12.0 14.0 12.0 .. 
0.20 ........ ..9.0 61.0 .. ... 1.0 12.9 .. ... 12.0 4.0 1.0 .. 
0.40..... ...... 1.0 59.5 3.0 2.5 0.5 13.5 ... 0.5 14.5 4.0 1.0 .. 
0.60 .... .... .. 2.0 56.0 4.0 3.0 1.0 11.0 ... 11.0 14.0 9.0 ... .. 
0.80 ......... . . . 55.0 2.0 3.0 ...19.0 .. ... 16.0 4.0 1.0 .. 
1.00 ......... .. . 62.0 ...2.0 3.0 19.0 .. ... 6.0 6.0 2.0 .. 
1.20 ......... . . . 59.0 ... 3.0 ... 11.0 ... 2.0 15.0 7.0 3.0 .. 
1.40 ......... . . . 81.0 2.0 1.0 ...11.0 .. ... 1.0 4.0..... 
1.60 ......... .. . 78.0 1.0 3.0 ...9.0 .. ... 4.0 4.0 1.0 .. 
1.80...........1.0. 92.0 ...1.0 ...6.0 ............ 1.0 .. 
2.00 ........ ..1.0 77.0 ......... 10.0 .. ... 5.0 7.0..... 
2.20 ......... . . . 58.0 ...2.0 ...17.0 .. ... 7.0 14.0 2.0 .. 
2.40 ......... .. . 65.0o 2.0 1.0 1.0 20.0 .. ... 3.0 7.0 1.0 .. 
2.60 ......... . . . 61.0 ...1.0 ...22.0 ...... 3.0 6.0 7.0 .. 
2.80 ......... . . . 48.0 ...3.0 ...40.0 .. ... 3.0 2.0 4.0 .. 
3.00 ......... .. . 56.0 ...3.0 ...28.0 .. ... 6.0 5.0 2.0 .. 
3.20...........1.0 75.0 1.0 .. ... 12.0 .. ... 4.0 3.0 4.0 .. 
3.40 ......... . . . 32.0 2.0 .. ... 42.0 ...1.0 3.0 18.0 2.0 .. 
3.60 ......... . . . 39.0 3.0 1.0 2.. 9.0 ...2.0 8.0 15.0 3.0 
3.80 ......... . . . 48.0 4.0 4.0 ...10.0 .. ... 10.0 20.0 4.0 .. 
4.00 ......... . . . 58.0 ..... ... 17.0 1.0 1.0 9.0 12.0 2.0 .. 
4.20 ......... .. . 65.0 ...2.0 ...15.0 .. ... 5.0 10.0 3.0 .. 
4.40 ......... .. . 68.0 ...2.0 ...10.0 .. ... 3.0 15.0 2.0 .. 
4.60 ......... . . . 72.0 ......... 20.0 .. ... 1.0 5.0 2.0 .. 
4.80 ......... . . . 72.0 ...2.0 ...20.0 .. ... 2.0 4.0..... 
5.00 ......... . . . 50.0 ... 2.0 ... 30.0 1.0 ... 5.0 8.0 4.0 .. 
5.20 ........................................ 

6.20 ........ ..1.0 64.0 ......... 16.0 1.0 ...8.0 6.0 4.0 .. 
6.40 ........ ..2.0 76.0 ......... 13.0 ...3.0 4.0 1.0 1.0 .. 
6.60 ........ ..2.0 68.0 1.0 1.0 ...14.0 .. ... 7.0 7.0..... 
6.80 ......... . . . 42.0 1.0 4.0 ... 25.0 ... 5.0 8.0 12.0 5.0 1.0 
7.600......... . . . 90.0 ... 3.0 ... 4.0 1.0 1.0 3.0 1.0 ... .. 
7.20........ 1.0 .... 81.0 ... 2.0 ... 9.0 2.0 1.0 3.0 .. .. .. 
7.40 ......... . . . 83.5 ... 1.0 ... 4.5 3.0 2.5 3.5 0.5 0.5 .. 
7.60 .... .... .. 2.5 91.0 ... 2.0 ... 1.0 0.5 0.5 1.5 1.0 ... .. 
7.80........ 1.0 2.0 92.0 ... 2.5 ... 2.5 .. . . . 1.5 1.0 ... .. 
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and dominates most of the remainder. A sharp decrease in frequency of its 
pollen occurs at the surface which is probably due to the increase in pollen 
of Compositae and Amaranth-Chenopod (Table 13). 

Clear Lake bog (14; Table 14, Fig. 15) is similar to Tamarack Lake. Pinus 
is the outstanding pollen in the spectrum except at the surface where it shows 
a very marked decrease to 16 percent, while the frequency of Composite 

DE PTH 
M. 

A do,~~~~~~~ & LEGEND 
%20 - 2 PICEA 
.40A 
.60E PINUS 

260Af 

.80 - ---QUERCUS 

1.0 0 X11 1 I PA 

1.40 - - -- ****,SAND 

% 10 20 30 40 50 60 70 80 90 A.PF 
FIG. 13. Pollen diagram of Bethel bog. A.P.F.: absolute pollen frequency. 
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.60~ ~~~~~~- 

- - ~~~~~~~~~~PINUS 
I.00 ~ 
1.20 .-.....-.. . QUERCUS 

1.40 - AREX 

1.60 - JJJ1PEAT 
1.80 -- -LIMNIC 

2.oo - - - - - - - ~ ~ ~ 11111PEAT 

2.20. - - IflISAND 

2.40 -- - - - 

2.60 - 

V. 10 20 30 40 50 60 70 80 90 APE 
FIG. 14. Pollen diagram of Rabbit Lake bog. A.P.F.: absolute pollen frequency. 
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TABLE 12. PERCENTAGES OF FOSSIL POLLEN FROM BETHEL BOG. 

0 

0~~~~~~~~~~~~~~~ 
U 0 0 U 

0.20 .... 4.0 37.0 ... 4.0 .. 22.0 ... ... 16.0 9.0 8.0 
0.40 .... 6.0 52.0 1.0 5.0 ... 16.0 5.0 ... 5.0 9.0 1.0 
0.60 .... 6.0 53.0 3.0 9.0 .. 14.0 2.0 1.0 4.0 8.0u 
0.80 .... 4.0 60.0 ... 4.0 .. 21.0 ... .. 1.0 8.0 2.0 
1.00 ... . .. 66.0 ... 5.0 .. 22.0 ... ... 4.0 3.0 
1.20 .... 2.0 73.0 .. 3.0 .. 16.0 2.0 ... 3.0 ... 1.0 
1.40 ... . 70.0 ... 2.0 2.0 16.0 2.0 ... 5.0 2.0 1.0 
1.60 ... . 56.0 .. 2.0 1.0 27.0 1.0 ... 7.0 5.0 1.0 

TABLE 13. PERCENTAGES OF FOSSIL POLLEN FROM RABBIT LAKE BOG 

Depth in 41 . 
meters 4) 

.- 'U~~~ 0 0 0 cN 
U H 0 U Z 

Surf...... .. 1.0 33.0 2.0 2.0 1.0 ... 9.0 .. ... 15.0 24.0 13.0 .. 
0.20 ...... .. . 60.0 5.0 ... ...... 12.0 .. ... 15.0 4.0 4.0 .. 
0.40 ..... .. 1.0 71.0 ... 2.0 .. ... 13.0 .. ... 10.0 3.0 1.0 
0.60 ...... .. . 53.0 ... 3.0 .. ... 23.0 1.0 3.0 8.0 9.0 2.0 .. 
0.80 ...... ... 44.0 ... 6.0 3.0 ...30.0 ... 2.0 18.0 7.0 1.0 .. 
1.00 ...... ... 49.0 ... 4.0 .. ... 24.0 .. ... 25.u 8.0 ... .. 
1.20 ..... .. 1.0 31.0 3.0 3.0 .. ... 39.0 2.0 1.0 16.0 6.0 1.0 .. 
1.40 ..... .. 1.0 28.0 3.0 3.0 .. ... 41.0 .. ... 14.0 7.0 3.0 .. 
1.60 ... . 1 .. .0 27.0 3.0 3.0 3.0 ...44.0 .. ... 13.0 6.0 .... 2.0 
1.80 ...... ... 22.0 1.0 2.0 .. ... 41.0 2.0 ... 9.0 16.0 7.0 .. 
2.00 ...... ... 20.0 2.0 3.0 .. ... 52.0 1.0 1.0 7.0 15.0... .. 
2.20 ...... . .. 18.0 2.0 4.0 .. ... 59.0 .. ... 8.0 10.0... .. 
2.40 ...... ... 44.0 ... 3.0 .. ... 37.0 0.5 ... 8.0 6.0 2.5 .. 
2.60.....2.5 2.0 24.5 0.5 3.0 ... 2.5 29.0 1.5 3.5 11.0 16.0 4.0 .. 

TABLE 14. PERCENTAGES OF FOSSIL POLLEN FROM CLEAR LAKE BOG 

Depth Amaranth- 
in meters Picea Pinus Alnus Betula Quercus Ulmus Gramineae Compositae Chenopod. 

Su rf.... .. 16.0 4.0 6.0 5.0 .... 14.0 41.0 .. 
0.20... ... 69.0 4.0 6.0 10.0 .... 19.0 2.0 .... 
0.40.... 5.0 80.0 .... .... 8.0 .... 6.0 1.0 .. 
0.60.... 2.0 75.0 .... 5.0 7.0 .... 9.0 2.0 .. 
0.80... ... 80.0 .... .... 5.0 .... 6.0 6.0 3.0 
1.00.... 4.0 86.0 .... .... 2.0 4.0 18.0 2.0 4.0 
1.20... ... 80.0 .... .... .... .... 15.0 5.0 .. 

2.40.. 92.0 .0. .... 1.0. .... 5.0. .... .. 

2.60.... 0.5 78.5 .... 0.5 1.5 .... 18.0 1.0 .. 
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pollen increases to 41 percent. A break in the record occurs from the 2.4- 
to the 1.2-meter level, due to the low pollen frequency of the limnic peat. 
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FIG. 15. Pollen diagram of Clear Lake bog. A.P.F.: absolute111 pollen JJIeuJncJ 
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FIG. 15. Pollen diagram of Clear Lake bog. A.P.F.: absolute pollen frequency. 

DISCUSSION 

Many students of pollen analysis in this country have followed the practice 
of drilling only the deepest bogs, maintaining that the earliest records may 
be obtained only in this way. Wilson believes, however (1938), that the 
smaller and shallower bogs, in all cases less than one acre in area and often 
but a few inches deep, give as complete a record as the deeper deposits. In 
his own work he has avoided sampling the deeper bogs, asserting that they 
present many complex problems in sedimentation. 

In the present study, the fourteen bogs drilled include both deep and 
shallow deposits, varying in depth from 1.6 meters to more than 11 meters. 
The depths of the complete series are shown in Table 15. 

Pollen spectra of ten of the fourteen bogs are theoretically complete in 
that they show initial dominance of Abies and Picea or of Picea alone at 
the bottom. In the other four the record begins with dominance of Pinus, 



October, 1939 POLLEN SPECTRUM STUDIES 529 

the above two genera being barely suggested at the bottom or not present 
there, and such a profile may be said to give an "incomplete" record. Division 
of the series into "shallow" and "deep" classes must necessarily be arbitrary 
and will not be attempted. It appears from the table, however, that three of 
the four shallowest bogs have incomplete records, while all the others are 
complete except one, which is next to the deepest. The evidence, as far as 
it goes, seems to indicate that Wilson's trust in shallow bogs is not justified, 
and that the deeper ones are more likely to give a complete picture of post- 
glacial vegetational history. 

TAB.LE 15. DEPTH OF BOGS AND COMPLETENESS OF PROFILE 
(C: complete; I: incomplete) 

Bog Depth 
Bethel .......... 1.6 m. I 
Grass Lake .......... 2.0 m. C 
Rabbit Lake .......... 2.6 m. I 
Clear Lake .......... 2.6 m. I 
Princeton .......... 3.4 m. C 
Rice Lake .......... 4.4 m. C 
Karmel .......... 4.8 m. C 
Elk River .......... 4.8 m. C 
Coon Lake .......... 5.0m. C 
Ham Lake .......... 5.2m. C 
Linwood .......... 6.0 m. C 
Coon Creek .......... 7.0 m. C 
Tamarack Lake .......... 7.8 m. I 
Cedar Creek .......... 11.0 m. C 

It is further indicated that the common practice of attempting to interpret 
vegetational and climatic history from a single bog profile in an area is faulty 
in that there is no assurance that the particular one studied gives a complete 
record. Dependence upon the shallow Rabbit Lake bog alone, for example, 
or the deep Tamarack Lake bog, would lead to erroneous conclusions. The 
only safe method is to investigate a group of bogs close enough together so 
that the climatic sequence must be the same for all; and this group, so far 
as possible, should be confined to a physiographic formation uniform in 
origin and age. The series selected fulfills these requirements to a satisfactory 
degree. 

Presumably the ten with "complete" records provide the most adequate 
vegetational history of the region, and these will therefore be first considered, 
afterward, the problem presented by the bogs with "incomplete" records will 
be discussed. 

VEGETATIONAL AND CLIMATIC HISTORY AS DISCLOSED BY THE BOGS WITH 

COMPLETE RECORD 

Combined evidence from the bogs of this group indicates spruce-fir forest 
as the first type leaving a record. Five of the profiles show Abies as the 
first dominant, followed by Picea; three show Picea dominating at first with 
Abies in minor quantity and decreasing. In two cases Abies reaches a maxi- 
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mum after the decline of spruce. These variations might well be due to 
differing successional changes related to local environmental differences. 
There is agreement in general here with records discovered by other workers 
as noted in the historical summary. 

Bogs of this group agree fairly well in history after the practical dis- 
appearance of Abies and Picea. Curves of pine and oak cross and recross, 
but the former dominates more or less and in some cases, decisively so. 
Valuable local confirmation is found in the study by Voss (1934) at Bald 
Eagle, near the boundary of Washington and Ramsey counties in Minnesota. 
Located upon drift of the Grantsburg Sublobe, it must be of approximately 
the same age as the bogs on the Anoka Sand plain. Its spectrum indicates 
that the postglacial plant succession has been Abies-Picea to Pinus-Quercus, 
although the record throughout most of the latter period is omitted from the 
diagram due to the low pollen frequency of the peat. There is thus agreement 
in general with other recorded bog profiles of the northern stations and there- 
fore a history different from that indicated by more southern bogs in which 
deciduous genera show a more pronounced dominance (see historical sum- 
mary). 

In interpreting pollen profiles, the most rational view seems to be that of 
Aario (1932) who holds that the only significant indications of climatic 
change are appearance and disappearance of genera, and that relative fluctua- 
tions are not to be relied upon. 

In the history of the Anoka Sand Plain as indicated by these ten profiles, 
the only significant events are initial appearance of Abies and Picea and 
their subsequent practical disappearance. Fluctuations in genera which con- 
tinue through the record, such as pine and oak, are inconclusive unless they 
can be traced from section to section. This cannot be done, therefore there 
is no valid evidence for climatic change since the disappearance of Abies and 
Picea. The facts do not disprove climatic changes but they throw no light 
on the problem. It is suggested that local successional changes, perhaps 
secondary, due to fire or other causes, may account for the alternation of 
pine and oak. 

There is indicated, therefore, a single major progressive climatic change: 
from conditions favoring continental glaciation to conditions bringing about 
its disappearance. During this period of transition, the ice melted away, 
Abies and Picea established dominance and held it for a relatively brief period. 
and were succeeded by dominance of pine and oak with other angiospern 
species in minor amount. Since the disappearance of spruce and fir, no climatic 
change of major magnitude is indicated. 

It was stated in the historical summary that certain workers find evidence 
for postulating a period of maximum warmth during the time represented 
by the middle of the profiles investigated. A general increase in grass- 
Amaranth-Chenopod pollen in certain of the northern bogs has been con- 
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sidered by Sears (1935) to indicate a xerothermic period. Whatever evidence 
there may be in the present data to indicate such a climatic change should in 
all fairness be presented. Accordingly, a statistical analysis was made of the 
percentages of this complex (grass-Amaranth-Chenopod), by periods, using 
the shift from spruce-fir to pine-deciduous as a base, and extending to the 
surface. Only the ten bogs with complete record were utilized. Since these 
differed greatly in depth, an attempt was made to adjust all to an approximate 
standard time-scale, based upon the profile at Coon Creek bog, which shows 
the clearest record of the basal shift. In this the pertinent portion of the 
profile is six meters deep, and the standard time-scale was accordingly divided 
into six units. For each of the other bogs the adjustment was made by mul- 
tiplying the intervals between sampling depths by a factor obtained by divid- 
ing the standard six meters by the depth of the bog. In this way the shallower 
profiles were stretched out and the deeper ones shortened to conform with 
the standard. 

Summation of percentages of grass-Amaranth-Chenopod pollen from the 
ten complete bogs supplied points which were used to construct a graph, 
plotting percentage against time. The mean of all the points falling within 
each time division was taken and when these were again plotted a curve 
showing the average of the ten bogs was obtained (Fig. 16). 
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TOTAL TIME: SHIFT FROM SPRUCE-FIR TO PRESENT 
FIG. 16. Curve of the combined percentages of grass-Amaranth-Chenopod 

pollen based on data from 10 bogs. Total time is an arbitrary time scale using 
the shift from spruce-fir as a marker. 
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The highest percentage (44 percent) appears at the surface and may be 
attributed to an increase of pollen of this complex due to disturbance as has 
been found in the surface layers by other workers. The remainder of the 
curve, after irregularities have been smoothed out, seems to point to a rather 
general increase of pollen of this group at some time during the middle 
period. It must be kept in mind that these percentages are only relative and 
in no case does this complex show a maximum over pollen of pine or oak. 
Whether or not this increase in the grass complex is significant enough to 
indicate a climatic change is left an open question. 

The presence of oak pollen at the bottom of the profiles, and of other 
angiosperm genera at very low levels, is significant. If the occurrence 
of pollen were sporadic, it might have been blown from a long distance, but 
in the case of oak at least it seems too consistently present for this. The data 
strongly indicate the presence of at least a few angiosperm trees in the imme- 
diate region, suggesting that some species entered the region almost as soon 
as the pioneer conifers. Such an hypothesis should be easy to accept in view 
of the nearness of regions which might have served as sources of seed 
(Cooper, 1938). Areas undisturbed since Kansan time lay beyond the limits 
of the Wisconsin ice advance but sixty-five kilometers from the Anoka Sand 
Plain; the Driftless Area is not much farther away. Moreover, there is 
strong confirmation in unpublished studies of C. 0. Rosendahl on wood and 
other fossil material found in silts of Lake Agassiz. Furthermore, abun- 
dance of pollen at depths of twenty and forty centimeters in the sand at the 
bottom of three sections in the present study, indicating that pollen was being 
deposited while sediments were still being washed or blown into the lakes, 
suggests very early establishment of vegetation in the vicinity. 

THE PROBLEM OF THE BOGS WITH INCOMPLETE RECORD 

Four sections in which the profile begins with dominance of pine and oak 
strongly suggest a truncated record with the lower portion missing. Finding 
these side by side with a larger series showing complete records presents a 
problem which still awaits solution. These four profiles are very similar to 
that of the Dells bog of Hansen (1937), who explains lack of Abies and 
Picea on the basis of late origin of basin, and compares it with the nearby 
Baraboo bog on much older terrain which shows a complete record. In this 
case geologic evidence supports Hansen's conclusions. Such an explanation 
will not hold in the case of the Anoka Sand Plain, since all the basins are 
of closely similar age. It may be remarked, that, judging from results of the 
present study, it is possible that if Hansen had investigated other bogs under 
the same conditions as obtain at the Dells bog, he might have discovered that 
the latter is an exceptional case. Moreover, Voss (1937) found the same 
conifers in bogs located on Cary and Tazewell drift in Illinois differing some 
8,000 years in age. 
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One possible explanation, for Minnesota bogs at least, is that certain ice 
blocks remained unmelted much longer than others, so that the resulting pits 
came into being much later. In the meantime, Abies and Picea attained 
dominance and disappeared from the vicinity, so that the first adjacent vege- 
tation was Pinus-Quercus. This hypothesis would require persistence of 
buried ice for a number of centuries. 

It is possible that some of the incomplete bogs could have formed later 
than the complete bogs due to shifting sands during early postglacial time. 
Detailed study of the bottom sands of the "incompletes" might reveal the 
missing Abies and Picea maximum and careful investigation of these par- 
ticular pits with regard to size, form and probable physiographic history 
might also suggest a clue. At present, the problem must be left unsolved. 

SUMMARY 

Fourteen bogs drilled on the Anoka Sand Plain include both deep and 
shallow deposits, varying in depth from 1.6 meters to more than 11 meters. 
The pollen analyses show that there is a rough correlation between depth 
and completeness of record. 

Pollen spectra of ten of the bogs indicate that Abies and Picea were the 
first dominant trees in the region after ice recession, and that this pioneer 
forest was superseded by Pinus-Quercus, while four show that the postglacial 
plant succession had reached the Pinus-Quercus stage when they came into 
being. 

Overwhelming abundance of Abies and Picea followed by their practical 
disappearance is the most significant event recorded in the spectra and indi- 
cates a major climatic change. 

Fluctuations in Pinus and Quercus through the upper two thirds or more 
of the profiles have no certain climatic significance and may be due to local 
causes. Therefore, no climatic changes are indicated since the disappearance 
of Abies-Picea. In general, the recent increase in spruce at the upper levels 
is probably due to the presence of this tree on the bog or in the immediate 
vicinity. 

A statistical analysis of the combined percentages of grass-Amaranth- 
Chenopod pollen based on data from the ten complete bogs shows that there 
is some evidence for a general increase of this group in the middle of the 
profiles. Interpretation of this curve must await further investigation. 

Consistent occurrence of Quercus at the bottom of all profiles and general 
presence of other angiosperms at very low levels in some strongly suggests 
that certain deciduous genera came into the region almost as soon as the 
pioneer conifers. 

These studies show that the group method gives more reliable data than 
the single-bog plan, unavoidable in reconnaissance study, in that it avoids, 
to a reasonable degree, the danger of basing conclusions on exceptional cases. 
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