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§ THE OBSERVER explores the

forests and the remmnants of the
grasslands of Illinois he is led to in-
quire what has been the past history of
the vegetation of the State. Neglecting
the cycads, the horsetails, the ferns, and
their associates that formed the coal
measures millions of years ago, and con-
‘'sidering the past half—mllhon years only,
the picture of the plant cover of the hills
and valleys is very incomplete. Sueh
plant remains as have been found are
encountered, for the most part, in various
peat deposits; many of them .deeply
buried in glacial drlft During the past
50 or 60 years numerous reports have
appeared of the finding of’ the remains
of the interglacial vegetation which were
encountered in well drillings, mine
shafts, and road and stream cuts. These
remains were seldom identified with any
desirable degree of scientific accuracy.
The wood, for example, was named usual-
1y on its external resemblance to that of
living trees.

During the past quarter of a century
there has been developed, however, a
more exact and scientific technique for
the examination of plant remains found
in peat deposxts It is based on the fact
that. the exines or outer coats of many
pollen graing are very resistant to de-
cay when immersed in pond or bog
waters and may be identified with ac-
curacy even after intervals of tens or
hundreds of thousands of years.

This technique was first developed m
,northern Eul‘ope about 25 years ago.
There a group of Swedish workers led
by von Post and Erdtman examined peat
deposits microscopically and finding in
them well preserved tree pollen elab-
orated a technigque now well known under

the designation “pollen analysis.” Hrdt-

man has been one of the. foremost in-
vestlgators in this field and has accumu-
lated many valuable data (7). He has
made the technique internationally known

and has devoted much attention to its
improvement (9, 10). Many Huropean
investigators have used these methods and
there has accumulated a great mass of
data indicated by the hundreds of titles
listed by Erdtman (8) in his bibliography
of the subject. The testimony of many
mvestlgators and some statistical ob-
servations have led to the acceptance-of

“the data of pollen analysis as being re-

liable within certain limitations.

It is not our purpose to discuss the de-
tails of the techmnique of pollen analysis,
except to say that instruments are avail-
able by which samples of peat may be
taken from bogs from known depths.
These samples are so treated that the
extraneous substances are removed and
the pollen grains made more recognizable,
These grains are examined. and counted
under a compound microscope. Further
details of the process may be found in
the contributions of Erdtman (8), Sears
(16, 17), Godwin (12), Voss (18,19, 20,
21)- and others. It may be significant,
however, to examine some of the limita-
tions to be observed in the interpretation
of the results thus obtained.

Both American and European investi-
gators have found the pollén of tree
species more useful and better preserved
than that of herbaceous plants. Such
pollens may be recognized as belonging
to the genera of the trees producing them,
and as found in peat deposits, may be
classified with regard to their source on
the basis of distance of transport as:

1. Pollen from trees growing on the

© bog and its immediate margin;

2. Pollen from trees in the forest

within a radius of 1000 yards of

the margin of the bog;
3. Pollen from - trees between 1000
yards and 5 miles of the bog;
4. Pollen from trees more than 5
miles from the bog.
These pollen components may be term-
ed respectively the bog, regional, distant,
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and remote components. Von Post, BErdt-
man, and others have shown that the

regional component_ is the largest and’
most important of these, with the distant-
component second in size and importance,

This may explain how pollen analysis-.. -

gives, as a rule, a general picture of the
forest type for a rather wide area, not a

representation of the local tree gr owth on

the bog itself and its immediate margin.
That is to say, the pollen diagram points
to the general character of the forest-
cover. of . the whole countryside and this
characteristic adds to its value as an in-
dlcator of the regional vegetatlon of - past
ages..

Amounts of pollen are . expressed in
percentages of the total tree pollen, . It
has been found impossible to express the
amount of each pollen on an absolute
sc_ale It is therefore true that the amount
of pollen  from.any one species always
affects the percentage values for all
other species, hence although the results
do not show the absolute abundance of

any one trée they do indicate changes in-

the relative abundance of the pollen of
different tree genera.

The pollen -diagram- must not be. in-
terpreted in detail,. for the presence of: g
tew scattered. grains- of any particular
-species cannot be accepted as proof that
.the species was. growing in the immediate
neighborhood of the depdsit; they may
have been ' windborne - from a great
distance. Hence.they must be neglected
unless the. presence of the species in the
vicinity is -assured by other data. It
should 'also bé remembered that some
tree genera . produce: much more pollen
than . others, - that - certain - pollens are
much: bettér preserved in bogs and that
certain tree genera, on account of their
narrower ecological range,. are —much
better indicators than others;

It is therefore evident that a pollen'

.diagram (or” dlagrams) ‘of an entirely
. unknown forest would not aceur ately re-
'veal the tree population of such a forest.
But such diagrams would permit a choice
to be made from a score of known forest
types—the predominating type, or types,
could be distinguished in spite of the fact
that not all its tree components were
'represented in the poIIen diagram, thus
-an-abundance of Abies and Picea pollen
in the Great Lakes region would make it
most highly probable that Lariz, Betula,

and Frazinus were also present in con- ..

siderable numbers in the region adjacent
to the bog, and that the forest was of
the northern conifer type. .

PRESENTATION OF RESULTS
From the nature of the data it is most
desirable that generalizations based on
pollen analysis should be made only upon:
very considerable. accumulations of evi-
dence. In other words, the data from a

"singleé bog, “even though ‘carefully col-

lected "and accurately analyzed, may be

used for a general -picture of the sur-.

rounding forest only when supported by
other data. Such accumulations of data,
until very recently, have been lacking in
America and are still decidedly deficient.
In this field, Voss of Peoria has been the
outstanding American investigator, and

the only one who has studied the inter- -

glacial deposits. To him the writer is
indebted for the greater portion of the
data on which this article is based. Other
workers include Houdek  of Illinois, a
group of workers connected with Butler
Univergity .in- Indlana, Sears and his as-
sociates in the Lake Hrie region, and

. Wllson and Hangen in Wlsconsm

The northern half ¢f Illinois seems to

be particularly well suited for such.

studies of past vegetation. At least four

"ice sheots” have crept down from the

North to cover portions of its surface,
and retreatmg have left drift in which

‘were' depressions- that became occupied

by ponds and Iakes Thege have developed

vegétation that decayed into peat bogs.
“Some of these peat deposits have been
“buried by the moraines of siucceeding ice
sheets, compressing the peat, but aiding

in preservmg its store of tree pollens.

- The Pleistocene with 1ts glaciations has
been 1nvest1 ated by many geologists and
many of their data have been presented
in interesting form by Daly ~ (8).
Leighton (14, 15) and Ball (2) among

"others have studied the moraines and

other” evidences of the ice sheets that
have vigited Illinois. Various estimates
have been made of the duration of the
ice sheets and of the interval between
them. It seems to be particularly diffi-
cult to estimate the length of time re-

' quu‘ed for the accumulation and the sub-

sequent disappearance of these 1mmense
glaciers. The following estimates takén
from the best authorities available, must

‘be regarded as tentative approximations
- for the past half-million years.
.lowing stages are recognized:

The. fol-
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The most complete picture of the
vegetation of the northern half of Illinois
- for the past 25,000 or 30,000 years comes
from a group  of seven bogs in Lake
County found in Cary (3rd) substage of
the Wisconsin drift, and investigated by
Voss (19), (fig. 1).

The present vegetation of several of
these bogs has been described by Water-
man (22, 23) and by Kurz (13). They
are found scattered in a rolling morainal
area in a county that seems originally to
have had at least three-fourths of its
surface covered with deciduous forests.

The pollen analyses of these bogs show
such remarkable agreement in their
pollen diagrams that the results are most
convincing. One of these diagrams may
be taken as representative of the group
(fig. 2). In interpreting these diagrams
it must be remembered that the seven
bogs,. being in the same moraine and
necessarily of gimilar age, differ con-
siderably in depth. This necessitates

some adjustments in the vertical. length

chronize the records.

It may be instructive to make such ad-
justments and to compare the pollen
curves for the same species in the group
of bogs. .

The balsam fir, Abies balsameq, may be
regarded as a good indicator species. 1t
is found represented by its pollen in all
seven Illinois bogs at the bottom of the
deposits. = The pollen curves from the
seven bogs plotted together show an
abundance of the species in the earliest
centuries of the bog deposits but also
show its disappearance relatively early
in the history of the deposits (tig. 3).
With our present limitations of knowledge

“it is impossible to more than approximate

the time of the disappearance of Abies
from the deposits and hence from the
forests of Illinois, but if we accedt the
time of the recession of the last Wiscon-
sin ice sheet as occurring some 25;000
years ago it seems likely that fir entirely
disappeared during the first 5,000 or
6,000 years or about the end of the first
quarter of that period. Data from the
bogs of northern Indiana, collected by
Houdek and others, although mnot yet as
abundant as those from Illinois, give
similar graphs for Abies.

These Illinois and Indiana, bogs also
show the early presence of spruce in the
forests of the region and apparently the
genus Picea persisted for a slightly

of the graphs when we attempt to syn-

“the dominance of oak is

longer period than did the fir but it also
probably disappeared soon after the close
of the first quarter of postglacial time,
The curves representing the occurrence .
of Piceq. in the forests near all seven bogs .
are very similar (fig. 4).

As an indicator the genus Quercus
seems to rank with Abies and Picea as
very significant. Oak pollen appears in all
the bogs of postglacial age that have been
investigated. The pattern of its graphs
is strikingly different from those of the
fir and spruce but this pattern remains
very constant throughout all the Illinois
and Indiana bogs. It is found in small
quantities at the bottom of the deposits,
reaches a maximum about the time that
the fir and spruce disappear and persists
with irregular fluctuations to the present
(fig. 5). ‘

No other tree genera give records, com-
parable in importance to those of Abies,
Picea and Quercus. 'The Pinus record
would indicate the presence of the genus
throughout practically the entire post-
glacial period with no decided or regular
times of maxima or minima. Carya, in
the Illinois bogs roughly paralliels Quércus
with much smaller percentages of pollen.
Tilic and Acer show a wide distribution
both in time and space, but present nar-
row and irregular pollen curves that are °
difficult to interpret.

Comparable to the record of the 7 bogs
from the -Cary or Late Wisconsin stage
is that from 9 bogs of the Tazewell or
Barly Wisconsin substage (2nd) also
studied by Voss (20). They occur in
moraines of similar age and are found in
Bureau and adjacent counties. The bottom
of these deposits was laid down 35,000

©or 40,000 years ago or probably 10,000

years earlier than the base of the Cary
deposits just discussed. The pollen
record is similar to that of the more re-
cent deposits except that the fir and
spruce pollens appearing most abundantly
at the bottom of the bogs persist for a
relatively longer time and the period. of
relatively
shorter. Doubtless portions of northeast-
ern Illinois were still covered. with Late
‘Wisconsin ice while these peat deposits
were being laid down.

Passing from the records connected
with the Wisconsin Glaciation and ‘the
postglacial interval that has succeeded it,
Wwe come to the miore remote Sangamon
Interglacial Stage. The last centuries of
this stage were probably some 125,002 or




Fuller—‘—[nteqﬂglaciaz Vegetation IR 9

POLLEN DIAGRAM: GAVIN BOG

Depth
.
N _ b A ‘-1(.)0 ! ZOIO Legend
L ~NL L e~ Abtes
2 o ~
s e Yo-eeX
v Picea
4
CO—A
6
Pinus
[
7
Quercus
8
o ‘ . } —a
10 u'l:ui!ln Pt
» I ' —
12 o ~~
13 fh
“uuun Carex
e [ post
18 il
16 u”u"n
17 De. !
=0 P [ Limnie
18 B ] pest
N ‘ H“NNH
e “ I A
20 AR De- o I
o RS <o) 1]
%10 20 30 40 50 60 70 80 90 Pollen Preguency - ‘
Fig. 2. Pollen diagram of a postglaéial bog in lL.ake County, IHinois. After Voss.

150,000 years ago, and the interglacial
period is supposed to have lasted for
something like 120,000 years. Recently
several peat deposits, known to belong to
the Sangamon Interglacial and buried be-

neath many feet of gravel and loess, have

been exposed. Two of these are so thick
(135 and 78 inches) that it seems prob-
able that they represent the greater por-
tions of the period. Five of these deposits
from Peoria, Bureau, Fulton, Tazewell
and Woodford counties, investigated by
Voss (21) give a good picture of the
climate and vegetation of the period.
The fact that the five records agree 80
closely adds ‘much to ‘their credibility.
The pollen of deciduous trees is con-
spicuous by its almost entire absence but

throughout all the records. there is a

persistence of fir, spruce and pine with
relatively little variation in the propor-

tionate amounts. In one deposit only

(the Canton) does oak and hemlock pollen
appear. This is 'the only evidence at

present uncovered that there was any
marked climatic variation throughout the
Sangamon Interglacial although its dura-
tion has been estimated at 120,000 years.
The persistence of the gpruce-fir record
indiecates a cool climate with a rainfall

_ perhaps comparable to that at present; in

other words, a climate similar to that ex-
isting today north of Lake Superior. The
Canton record . suggests that at two in-
tervals there may have been such an

‘amelioration of temperature that some

areas of the forest possessed a small pro-
portion of oak, hemloeck and associated
gpecies. This might mean a climate and
a vegetation like that at present existing
on the south shore of Lake Superior.
These two milder intervals may have oc-
curred before the middle and towards the
close of the Sangamon Interglacial Stage

‘and éach may have persisted for several

thousand years (fig. 6).
The Yarmouth Interglacial Stage is
much oldér than the Sangamon, being
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Fia, 3. ’Graphs showing the occurrence of Abics pollen in seven bbg’s

in Lake County, Illinois,.

The graphs represent depth of bogs

vertically and. percentages of pollen horizontally. From data by Voss.

separated from it by the Illinocian Glacial
that -had a duration of perhaps 100,000
years. This would mean that the Yar-
mouth began over half a million years
ago and it seems to have persisted for
some 200,000 to 300,000 years., With this
prolonged existence it is unlikely that
any one peat deposit represents more than

a portion of the period. Two deposits of
Yarmouth Age found in Adams “and
Macoupin counties, have recently been

“studied by  Voss (21) partly through the

assistance of a grant from this Academy
of funds made available by the A. A. A. S.

Of these deposits that at Quincy, Adams
County, may. be taken as revealing the
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forest vegetation of that remote period
(fig. 7). The two deposits, however, dis-
close similar records showing the exist-
ence of fir, spruce, tamarack, and pine
throughout. In other words, the plant
remains indicate the northern conifer
forest characteristic of a cool, rather
moist climate.. This agrees with the con-

clusions drawn bj? Bakér (1) from his
studies of the mollusca of Illnois asso-
ciated with the Yarmouth period.

INTERPRETATION OF TIE RECORDS

Tn, attempting to obtain a more com-
plete picture of the vegetation of Illinois
during the past half-million years we
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Fie. 5. Graphs showing the occurrence of Quercus pollen in seven

bogs in Lake County, Iilineis.

should have as g background the geologic
data which have accumulated during the
past few decades. These have been
brought together in an interesting and
relatively non-technical form by Daly
(6). They indicate that a climate some-
what cooler than the present obtained for

most if uot all of Pleistocene time and
b

The graphs represent depth of bogs
vertically and percentages of pollen horizontally, From dats by Voss.

that precipitation was at least equal to
that of the present.

In attempting to translate the bog
records into terms of climate and actual
vegetation we are faced at the very be-~
ginning with the question of whether the
forests followed closely upon the margin
of the retreating ice sheet or whether a
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rather extended period of tundra vegeta-
tion intervened. This dquestion is par-
ticularly pertinent when applied to post-
glacial time since Woodard and others
have argued in favor of an extended
period of tundra vegetation which per-
sisted until invaded by prairie grasses.
Certain facts, however, seem to indi-
cate that there was no wide interval be-
tween the ice-and the forest. The records
of the Harly Wisconsin stage and of the

Sangamon Interglacial seem to prove that
there were conifer forests in porth-middle
Tlinois for many thousand years during
which the Wisconsin ice sheet existed in
the northern portions of the state. This
makes it almost certain that such forests
followed closely - upon the retreating
glaciers. Cooper (5) has recently fond
a spruce forest following within a few
miles the retreating ice front of Alagkan
glaciers.
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Fig. 7. Pollen diagram of a bog of Yar-
mouth age in Adams County, Iiinois.
After. Voss.

All these records seem to point to the
various substages of the Wisconsin. glacia-
tion having been followed closely by a
forest of the northern comifer type such
as now exists about the shores of Lake
Superior.. Such a forest must have con-
sisted principally of spruce, balsam fir,

‘species of birch together with some maple.

Tamarack, ash and alder also doubtless
grew on the swampy areas. This forest
seems to have persisted for probably
10,000 to 15,000 years in middle Illinois
and perhaps for half that time in the
northern portion where the ice sheet had
a longer duration.

The greater remoteness in time makes
the interprétation of the vegetation of the
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Sangamon and Yarmouth pericds still
more difficult. Recent studies by Braun
(3) and by Cain (4), made in parts of the
continent not subjected to Pleistocene
glaciation, seem to indicate that a flora
essentially similar to the present “has
existed in North America for more than
a million years. ]
same tree genera and probably the sam
species that now exist in Illinois were
present on the continent, and had the
same climatic requirements during the
Sangamon and Yarmouth, that they have
today.

Unfortunately we have little or mno
direct information as to the relative areas
ococupied by forest and grassland during
those remote periods. The fact, however,
that the grassland soils now existing are
composed of materials deposited much
_more recently than the Sangamon and
Yarmouth seems to make it highly prob-
able that forests covered a much larger
portion of the state than during recent
times. .

CONCLUSIONS

The fossil pollen of Yarmouth, Sanga-
mon and Early Wisconsin -interglacial
periods supports geological and other evi-
dence that these periods were character-
ized by cool and moist climates and that
during these periods.the northérn half of
Hlinois was covered largely with northern
conifer forests. '

These forests appear to have been -
similar to those now existing north of

Lake Superior, being composed of balsam
fir, Abies balsamea, spruce, Piceq spp.,

pine (Pinus banksiene and Pinus Spp.),

tamarack, Lariz lgricing, birch, Betule
spp., and smaller amounts of associated
species. There is at present no evidence
that deciduous forests were present dur-
ing the long Yarmouth period. .

Twice during the Sangamon period,
there seems to have been a mixture of
oaks and hemlocks ~along with the
elements of the more northern conifer
forest. These would indicate a somewhat
milder cliinate during some centuries (or
thousands of years) in the earlier portion
and again towards the end of the period.
The data, however, indicate.the " dom-
inance of northern conifers throughout.

In postglacial times the ice sheet seems
to have been rather closely followed by
a forest similar to the existing northern
conifer forest in which spruce, fir, and
pine were notable genera. Sl

This means that thq~
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This forest seems to have been re-
placed in Illinois before the end of the
first quarter of postglacial time, by a
mixed deciduous forest in which oak,
hickory, maple, and elm were dominant
trees. This deciduous forest seems to-
have continued, relatively unchanged
throughout the later threefourths of
“postglacial time, o )
* The pollen record in the Lake Michigan
region seems to show no evidence of al-
ternating moist and dry periods during
postglacial time. ‘ ’

The pollen record seems to indicate
that the forested areas of Illinois were
much more extensive during the Yar-
mouth and Sangamon Interglacial periods
and in the early portion of postglacial
times than at present. It seems possible
that the increasing warmth of the middle
and later parts of the postglacial period
and greater relative dryness favored the
invasion of the forest by the grassland.
Our present data are too scanty, however,

* to determine the relative extent of forest

and grassland throughout these inter-
. glacial periods. :
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