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Abstract 

Pollen assemblages in surface sediments from Canada display geographical 
correlations with modern vegetation. Pollen deposited within regions of boreal, 
mixed, and deciduous forest are sufficiently distinct to allow identification of 
these three vegetational types from fossil pollen assemblages. Further subdivision 
is possible, since pollen within each type is characteristic for eastern, central, 
and west-central Canada. Polle11 assemblages from tundra far from any forest 
are different from forest pollen assemblages, but near the tree limit tundra and 
forest-tundra produce quite similar assemblages. 

Comparison with these surface samples indicates that late-glacial pollen 
sequences from southern New England record a long interval of tundra persisting 
until about I2,000 years ago. An open spruce woodland developed I0,500 
years ago. During the intervening period (12,000-I0,500 B.P.) the vegetation 
may. have resembled park-tundra, or, alternatively, spruce-oak woodland 
similar to modern vegetation near the prairie in Manitoba. There is no clear 
evidence for reversals in the general trend of climatic warming at this time. 
In Nova Scotia a late-glacial pollen sequence resembles modem assemblages 
in Labrador, and it may record a change from tundra to forest rather than a 
complete oscillation of vegetation and climate. In the Great Lakes region 
there was only a nqrrow belt of tundra vegetation, succeeded by a woodland 

1. Contribution No. 76 from the Great Lakes Research Division, University of 
Michigan. 
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and forest which may have resembled modern vegetation near the prairie margin, 
or modern vegetation of the boreal forest and forest-tundra to the north. At 
the end of late-glacial time, about 10,000 years ago, forest developed in New 
England similar to modern mixed forest in Ontario; in Minnesota a pine-birch 
pollen assemblage records a vegetation that may have resembled modern forests 
of southern Manitoba. Throughout /ate-glacial and early postglacial time the 
climate appears to have been cold and relatively continental, without a clearly 
recorded temperature oscillation correlative with the Allerod of northern 
Europe. 

In recent years palynologists have increasingly used the modern pollen 
rain for interpretation of the record of ancient pollen rain preserved 
in Quaternary sediments. Several investigators have demonstrated that 
characteristic pollen assemblages are associated with regions of distinct 
vegetation. The same pollen assemblages can be recognized in sequence 
in deposits of fossil pollen, indicating changes in vegetation over time 
resembling those found at present over space (Wenner, 1947; Martin 
and Gray, 1962; Bent and Wrigh_t, 1963; McAndrews, 1966; Ogden, 
1964). It is my purpose here to apply this method to late-glacial pollen 
diagrams by bringing together published data on modern pollen rain 
from widely spaced localities in Canada and comparing these data to 
late-glacial pollen deposits in northern United States. The method is 
the same as that previously used by other authors, except that the 
comparisons are attempted over greater distances and between regions 
of dissimilar physiography and present-day flora. Consequently, the 
interpretations are at best imprecise. Nevertheless, the review itself 
presents an encouraging picture of rapidly increasing knowledge of the 
modern pollen rain, and the comparisons between modern and fossil 
samples confirm the potentiality of this method for interpretation. 

Surface pollen samples from eastern Canada are clearly distinct in 
percentage composition from those from central Canada. It is therefore 
hardly surprising that differences can be seen 'farther south between the 
late-glacial pollen deposits of northeastern United States and north
central United States. The magnitude of these differences and their 
analogy with differences in the modern pollen rain will be noted. How
ever, the discussion will be organized around a basic similarity that 
can be seen in the pollen stratigraphy of the two regions. This similarity 
involves four pollen assemblage zones: a basal herb zone, a spruce
hardwood zone, an overlying spruce-fir or spruce-Artemisia zone, 
and a still younger pine-birch zone. These broadly defined assemblage 
zones are used as the basis for discussion because they form the major 
subdivisions of late-glacial sediments in each region. Their vegetational 
and climatic interpretation is the basis, whenever C14 dates are lacking, 



TABLE 1. Principal Fossil-Pol/en Assemblage Zones in Late-Glacial Sequences from the Great Lakes Region, New England, and Nova Scotia 

Pollen zones surrounded by lines are plotted against radiocarbon age, as indicated on the ordinate. The absolute ages of pollen zones not surrounded by lines are unknown; 
relative age estimates or correlations are not implied by the vertical position of these zones on the table. Figure references are to figures in this p~per in which pollen percentages from the 
assemblage zones are plotted and compared with percentages in surface samples. Zone designations in parentheses are those of the original authors. 
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for correlation with the glacial sequence. It is therefore appropriate 
for this symposium to contrast the evidence for late-glacial vegetational 
change in the two regions, and to attempt new interpretations through 
comparison with modern pollen rain. 

I shall not attempt to review the pollen stratigraphy, because several 
authors have done so recently (Ogden, I965 ; Cushing, I965; Davis, 
1965). Table I, summarizing the sequences of major pollen types and 

·giving the absolute ages of pollen zones, where known, is provided for 
the convenience of the reader. 

MODERN POLLEN SAMPLES 

Pollen grains are produced by plants, and therefore in the final analysis 
pollen rain must depend on the vegetation. But a dependence of the 
percentage values of the different pollen types upon the proportions 
of species in the vegetation is not always easy to demonstrate, because 
the percentages of pollen and plants at any one locality are usually 
dissimilar (Davis and Goodlett, I960; Davis, I963). On a broad 
geographical scale, however, a relationship betweeri pollen and vegetation 
clearly exists (Lichti-Federovich and Ritchie, I965; Terasmae and 
Mott, 1964, 1965). Pollen percentages in surface samples collected 
within the same region are similar to one another and are different 
from samples collected in other regions; trends in the percentages, 
many of them corresponding to known geographical trends in the 
vegetation, can be seen from region to region. 

These generalizations are supported by the data in Figures 1-3, 
in which pollen analyses of surface materials from Canada are sum
marized. The data are all from the literature and represent counts from 
both moss and lake-sediment samples; the latter were accepted as 
surface samples only when clearly labeled as such by the author (sample 
d, Fig. I , is an exception, but see Davis, 1965). In several cases the 
percentages shown represent the average of several samples collected 
at nearby sites. Percentages were read from graphs or tables and were 
recalculated as percentages of tree pollen, including Salix but not 
Alnus, in order to compare them with Potzger's samples from Quebec. 
Sa~ples were accepted only if the count included at least 100 grains; 
most of the samples included 150- 200 grains. Percentages are shown 
on the abscissa of each of the figures, plotted against latitude, which is 
indicated on the ordinate. Samples from eastern Canada are shown in 
Figure I, from central Canada in Figure 2; a few samples from the 
United States are included in Figures 1 and 2 for comparison. Counts 
from Labrador, shown as Figure 3, were calculated as per cent total 
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in which the pollen sum equaled or exceeded 100 were used. 

terrestrial plant pollen, and the samples were arranged according to 
the vegetational type near the collection site. The collection sites of 
all the surface samples are indicated on the map (Fig. 4), which also 
shows the major vegetational zones as mapped by Rowe (1959) and 
others. Percentages from Figures 1 and 2 are presented in Tables 2 
and 3; the original pollen counts in the Labrador samples are given 
in Wenner's (1947) paper. 

The surface samples show, as expected, that spruce (Picea) pollen 
occurs in highest percentages in the northern boreal forest, decreasing 
southward where deciduous-tree pollen becomes dominant. Birch 
(Betula) and alder (Alnus) pollen are prominent in tundra at the northern 
edge of the boreal forest in northern Labrador and Keewatin, and 
birch pollen occurs again in high percentages all along the southern 
portion of the boreal forest and northern portion of the mixed 
coniferous-deciduous forest. Willow (Salix) pollen is most prominent 
in the Labrador tundra and in the deciduous forest of central Canada. 
Oak (Quercus) pollen is absent in tundra regions and rare in the 
northern boreal forest; it occurs in low percentages in the northern 
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FIG. 4. Outline map of eastern and central Canada and adjacent United States, showing the major vegetational zones (after Rowe, 1959; 
Braun, 1950; Wright et al., 1963) and sites from which surface samples have' been collected. Dots indicate sites of samples shown in 
Figures I and 3, squares those shown in Figure 2. 
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mixed coniferous-deciduous forest, attaining higher percentages 
westward near the prairie margin and southward , where it reaches 
60% of total tree pollen in the deciduous forest region of southern 
Michigan. Fir (Abies) and hemlock (Tsuga) pollen occur in highest 
percentages in the east, where these trees are more abundant, and are 
absent entirely in west-central Canada. Pine (Pinus) pollen has highest 
percentages in central Canada, where it reaches a pronounced maximum 
along the transition between boreal and deciduous forest. Birch pollen 
is also abundant here, and the ratio of fir to spruce pollen is higher than 
in the boreal forest to the north. 

The sequence of changes in percentages from north to south is 
reminiscent of the late-glacial and early postglacial pollen record. It 
would be a mistake, however, to place too much emphasis on the 
geographical trends in percentages of the dominant types, because the 
percentage values are not independent variables; instead, the entire 
fossil-pollen spectrum deposited at a point in space and time must be 
compared with the entire spectrum in a surface sample. In making 
such comparisons I have been impressed with our lack of knowledge 
of the variability to be expected in contemporaneous samples, either 
from the surface or from correlated pollen zones in fossil deposits. 
Variations in the percentage values of pollen types that are poorly 
preserved, such as poplar (Populus), are probably not significant, for 
they reflect variation in conditions of sedimentation rather than variation 
in pollen deposition from the air; these variable types should preferably 
be subtracted from the pollen sum before one compares the remainder 
of the pollen spectrum (Lichti-Federovich and Ritchie, 1965). Variations 
in pollen percentages from large pollen producers may represent 
smaller differences in vegetation than variations in pollen percentages 
from small producers. These considerations have been taken into 
account subjectively here. More intensive studies of the modern pollen 
rain should eventually lead to the development of quantitative methods 
for comparing pollen assemblages (Ogden, 1964) that will replace 
the subjective method used in this paper. 

COMPARISON OF MODERN AND FOSSIL POLLEN ASSEMBLAGES 

In the following discussion I have arbitrarily selected samples from 
within certain pollen assemblage zones in late-glacial pollen diagrams 
and have compared the percentages of fossil pollen with those of 
modern pollen in selected surface samples. Where the percentages are 
very similar it "seems reasonable to conclude that similar vegetation 
produced the pollen, although qualifications to this generalization can 
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Table 2. Pollen Percentages, as Per Cent Tree Pollen Counted, in Surface Samples from Eastern Canada Shown Graphically in Figure 1, 0 
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Table 3. Pollen Percentages, as Per Cent Tree Pollen Counted, in Surface Samples from Central Canada Shown Graphically in Figure 2. 
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be made. Differences in the percentages are more difficult to interpret. 
Problems in methodology and theory will be discussed more fully 
below, after the examples have been presented. 

Herb Pollen Zone 

A few pollen profiles in the Great Lakes region and virtually all recently 
prepared pollen profiles from the Northeast include at the base a zone 
with high percentages (20-60 %) of pollen from herbaceous plants 
(Table 1). This zone is variously interpreted as representing tundra, 
park- tundra, or prairie-like vegetation which immediately followed 
the retreat of the ice. The few radiocarbon dates that are available 
from the zone indicate a minimal age of 10,000 years in Nova Scotia 
and 13,000 years in Minnesota, whereas in Connecticut a series of 
dates indicates it was deposited there between 12,000 and 14,300 years 
B.P. (Livingstone and Livingstone, 1958; Wright et al., 1963; Davis 
and Deevey, 1964). 

Figure 5 shows the pollen percentages in samples from the basal 
herb zone at several sites in New England and the Great Lakes region 
(black bars) compared with pollen percentages in surface samples 
from modern tundra (stippled bars). The comparison shows that the 
late-glacial herb zone in southern New England contains much higher 
percentages of herb pollen than any samples from modern tundra 
except those from the Arctic coast of Alaska. This means either that 
conditions favored exceptionally high pollen productivity in the 
herbaceous vegetation, or that forest was far from the sites of deposition. 
In the Great Lakes region, in contrast, the high percentages of tree 
pollen, as in modern Keewatin, show that the source was nearby, a 
conclusion confirmed by macrofossil finds of spruce and larch (Larix) 
(Cushing, 1965). In further contrast to the New England late-glacial 
samples, pine and birch pollen is virtually absent in the Great Lakes 
region; the tree pollen is almost exclusively spruce. 

These data cannot be used, unfortunately, to test the hypothesis that 
the late-glacial vegetation resembled prairie rather than tundra. It is 

- true that the fossil-pollen percentages do not resemble modern pollen 
percentages from tundra in Labrador. This negative result means 
little, however, because modern pollen deposition in vast reaches of 
tundra in more continental regions, as well as that of the northern 
prairie itself, is still completely unknown. Data have not yet been 
collected to show whether the two kinds of vegetation can be 
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FIG. 5. Fossil pollen (black bars), calculated as per cent total terrestrial plant pollen 
counted, in samples from the basal herb pollen assemblage zones in deposits in New 
England and the Great Lakes region, compared with surface samples (stippled bars) 
from tundra regions. 

Letters to the left of each pollen spectrum identify the site and author as follows ; 
a, northern Alaska, Livingstone, 1955; b, Keewatin, Wright eta!., 1963; c, Labrador, 
Wenner, 1947; f, Cambridge, Mass., Davis, 1961; g, Rogers Lake, Conn., Davis and 
Deevey, 1964, Davis, unpublished; h , Pleasant Street bog, Mass., Davis, 1958; 
i, Gould's bog, Mass., Davis, 1958; j, Tom Swamp, Mass., Davis, 1958; I, Browning
ton Pond, Vt., Davis, 1965; m, Weber Lake, Minn., Fries, 1962; n, Spider Creek, 
Minn., Baker, 1965; o, Kirchner Marsh, Minn., Wright et a!., 1963; p, Madelia, 
Minn., Jelgersma, 1962; q, Seidel Lake, Wis., West, 1961. 

distinguished from each other by pollen evidence alone. Macrofossils 
show that the vegetation of the herb zone bore a floristic resemblance to 
tundra (Argus and Davis, 1962; Baker, 1965), but the climate could 
still have been continental and dry and not far different from climate 
prevailing in northern prairie regions. 

Some light might be shed on the problem through comparison of 
fossil-pollen sequences with assemblages of modern pollen observed 
in sample series collected across prairie-forest and tundra-forest 
boundaries. The vegetation of the prairie-forest transition in Manitoba 
does not produce pollen assemblages similar to the herb zone (Lichti
Federovich and Ritchie, 1965); regrettably, data are not now available 
from the prairie-forest transition farther north in Saskatchewan. The 
pollen data from Labrador (Wenner, 1947), shown in Figure 3, are the 
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only example in the literature of surface samples from North America 
collected systematically across a transitional zone between tundra and 
forest. The samples are shown arranged in groups according to the 
vegetational type within which they were collected; further subdivision 
of the tundra samples and the forest samples, according to their location 
in either northern or southern Labrador, is indicated to the left of the 
diagram. 

The data in Figure 3 provide information on the kinds of pollen 
sequence to be expected in Labrador and similar regions where forest 
borders tundra, in the event of succession from treeless vegetation to 
forest. They show that in southern Labrador there is little difference 
between the pollen rain in regions of coastal tundra and regions of 
forest; a change from tundra to forest there might be recorded by a 
decrease in heath (Ericaceae) and birch pollen and little change in other 
pollen types. Succession from tundra to woodland might be characterized 
by marked changes in pollen percentages in northern Labrador, how
ever, where a shrub zone borders an open woodland. In northern 
Labrador the percentages of sedge pollen in surface samples are high 
both in the tundra and woodland, whereas in the shrub zone between 
these vegetational types the percentage of sedge pollen is low relative 
to birch and alder. The pollen record of a change from tundra to forest 
in northern Labrador might therefore be expected to show two 
stratigraphic horizons with maximal percentages of sedge pollen, one 
from the time of tundra vegetation and the second from the time of 
woodland. Between these maxima of sedge pollen would be a zone with 
maximal birch-pollen percentages, dating from the time of birch-alder 
shrub. 

A sequence of changes in fossil-pollen percentages resembling this 
has been described from the herb assemblage zone in Nova Scotia 
(Table 1). A birch maximum within the herb zone at Gillis Lake was 
previously interpreted as representing a temporary advance of the 
forest margin into tundra in response to the Two Creeks interval of 
climatic warming (Livingstone and Livingstone, 1958). It seems possible 
to me, however, by analogy with the surface-sample data from Labrador, 
that the birch maximum simply represents a stage in succession from 
tundra to woodland. This succession could have occurred during a 
time of gradual climatic warming, rather than it time of climatic 
oscillation correlated with gla9ial retreat and readvance. This interpre
tation is speculative, as it depends upon the existence of conditions in 
Nova Scotia 11,000 years ago identical with those now prevailing within 
a small area of northern Labrador. 

D. A. Livingstone has also pointed out (in a letter, 1966) that many 
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of the surface-sample sites in northern Labrador are sedge fens, in 
which local sedges may be over-represented by pollen; he doubts that 
these samples are appropriate for comparison with fossil pollen from 
lake mud. 

Spruce-Hardwood Pollen Zone 

Late-glacial pollen deposits all contain a zone overlying the basal 
herb zone that is characterized by 30-80% spruce pollen. The zone 
usually can be divided into two major portions, the lower of which 
contains 10-20% pollen of temperate deciduous-tree genera (hard
woods), such as oak and ash (Fraxinus). This subdivision will be called 
the "spruce-hardwood" assemblage zone. Radiocarbon dates indicate 
that the spruce-hardwood zone was deposited between 10,500 and 
12,000 years ago in New England and between 11,500 and 12,000 
years ago in the Great Lakes region (Table 1). 

The spruce- hardwood zone is of stratigraphic importance because 
it constitutes the primary evidence for a late-glacial climatic oscillation, 
even though there is little agreement whether it represents a cold or 
warm interval. The differences in interpretation stem from differing 
views of the origin of the hardwood-tree pollen. According to one 
view, the hardwood-tree pollen was redeposited from older, interglacial 
deposits during a period of intense solifluction. Solifluction would be 
promoted by cold climate, and therefore the hardwood pollen zone is 
correlated with the Valders glacial advance (Andersen, 1954). According 
to a second view, the maximal hardwood-tree pollen percentages do 
not represent an actual increase in numbers of hardwood-tree pollen 
grains, but rather a decline in local pollen productivity that was due to 
the replacement of local forest by parkland. Where temperature is the 
limiting factor, forest would be replaced by parkland during an interval 
of cold climate, so again the zone of hardwood-tree pollen is correlated 

' with the Valders ice advance (West, 1961). 
Still a third opinion is held by some Minnesota workers and by 

virtually all palynologists working with New England deposits (Wright 
et al., 1963; Leopold, 1956; and subsequent authors). These authors 
maintain that the rise in hardwood-tree pollen percentages represents 
a real increase in the numbers of hardwood-tree pollen grains, caused 
by an increase in the numbers of hardwood trees that resulted from a 
change to warmer climate. Thus the zone is correlated with the warm 
Two Creeks interval of glacial retreat. 

Interpretation of this pollen zone in New England is now aided by 
consideration of the absolute pollen accumulation rates, measured in 
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a core from Rogers Lake in southern Connecticut (Davis and Deevey, 
1964). These data show an increase in deposition rates for coniferous
tree pollen types at the lower boundary of the spruce-hardwood pollen 
zone, 12,000 years ago. The deposition rates for conifer pollen grains 
then continue to increase, spruce pollen reaching its maximal rates at 
10,000 years B.P. in the overlying spruce-fir pollen zone. Deposition 
rates for hardwood-tree pollen increased markedly 11,800 years ago, 
near the lower boundary of the zone. This confirms the previous 
interpretation that the increase in percentage implies a real increase 
in numbers. However, the deposition rate for hardwood-tree pollen 
shows only a slight decline at the upper boundary of the spruce-hard
wood zone, remaining more or less constant until a postglacial increase 
in rate began about 9,000 years ago. Thus it is apparent that the marked 
decline in percentage values for pollen of these warmth-demanding 
genera at the upper zone boundary, previously used as evidence for a 
return to cooler climate, is largely a result of dilution of hardwood-tree 
pollen by sharply increasing numbers of conifer pollen (Davis, 1967). 

The continuing rise in deposition. rates of conifer pollen from the 
spruce-hardwood zone to the overlying spruce-fir zone has led me to 
conclude that the spruce-hardwood zone in southern New England 
represents a vegetation transitional between tundra and forest, with 
hardwood-tree pollen being windblown from distant forests; this 
vegetation would represent a stage in succession from tundra to forest 
under a climate that began to warm 12,000 years ago, at a time correlated 
with the final years of the Two Creeks interval, or, less appropriately, 
with the Valders readvance (Davis, 1965). 

Comparison with surface samples adds very little to the interpretation, 
as few modern samples bear any resemblance to the spruce-hardwood 
pollen assemblage. Surface samples from eastern Canada, for example, 
are quite unlike the fossil pollen percentages of the spruce-hardwood 
zone. This negative result is important in showing that the spruce
hardwood zone does not represent mixed spruce- hardwood forest like 
that now growing south of the boreal spruce forest in eastern Canada, 
as was once supposed (Leopold, 1956; Davis, 1958). 

The only modern assemblages that are at all similar to the fossil 
assemblage are from the spruce-oak woodland of southern Manitoba 
(West, 1961). The comparison is shown in Figure 6, where the modern 
samples are indicated by the stippled bars, the fossil by the black bars. 
The fossil samples from the Great Lakes region differ from the surface 
samples in having almost no birch and pine pollen, and higher per
centages of spruce and ash; the New England fossil samples match the 
modern samples in many respects but have higher percentages of 
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FIG. 6. Fossil pollen (black bars) from spruce-hardwood pollen assemblage zones 
compared with surface samples (stippled bars) from woodland in south-central 
Manitoba. 

The code for site numbers indicated to the left of samples is as in Fig. 5 with the 
following additions: d, Manitoba, no. 83, Lichti-Federovich and Ritchie, 1965; 
e, Manitoba, West, 1961; k, Taunton, Mass., Davis, 1960; r, Disterhaft Farm bog, 
Wis., West, 1961; s, George Reserve, Mich., Andersen, 1954. 

spruce, fir, and hornbeam ( Ostrya-Carpinus) pollen and lower per
centages of Artemisia pollen. The two surface samples differ from each 
other, however; additional sampling might conceivably reveal modern 
assemblages in this region that resemble the fossil material more closely. 

If this turned out to be the case, an alternative to the park-tundra 
interpretation given above could be entertained, according to which the 
vegetation of the spruce-hardwood zone might have had affinities with 
the vegetation of the prairie-forest transition in Manitoba under a 
dry, cool, and continental climate. Moisture, rather than temperature, 
would then be the limiting factor for the abundance of trees. The 
distinction between the two limiting factors, moisture and temperature, 
is important because considered alone they imply reverse correlations 
with glacial events. Under the park-tundra hypothesis, for example, 
an increase in temperature would lead to an increase in trees. Thus 
evidence of an increase in trees leads to correlation with an episode 
of warmer climate and glacial retreat. Under the prairie-forest-transition 
hypothesis, on the other hand, an increase in temperature would result 
in increased evaporation and drought, and thus in a decrease in trees. 
Under this alternative hypothesis, then, evidence of increasing numbers 
of trees leads to correlation with an episode of cooler climate and 
glacial advance. In this manner palynologists-although in agreement 
in regard to which changes in the pollen assemblages represent de
creasing forest and which changes represent increasing forest-can 
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still arrive at opposite conclusions regarding the climatic history of the 
region and the correlation of pollen-bearing sediments and glacial 
events (Cushing, 1965). The hypothesis that the vegetation of the 
spruce-hardwood zone resembled the prairie-forest transition thus 
assumes importance rather out of proportion to the strength of 
supporting evidence. 

A theoretical limitation to interpretation of fossil assemblages 
through comparison with modern assemblages can result from absence 
of species because of their failure to migrate rapidly onto deglaciated 
territory. In Minnesota, for example, pine appears to have been 
completely absent during late-glacial time, preventing comparison of 
the fossil pollen assemblages with pollen now being deposited in 
Manitoba where this genus, which produces large amounts of pollen, 
is at present abundant. Wright (1964) believes the absence of pine 
resulted from its slow migration; if this is the case, the unique pollen 
assemblage of the spruce-hardwood zone may not reflect a unique 
climate. 

Spruce-Fir and Spruce-Artemisia Zones 

In New England, sediments overlying the spruce-hardwood zone 
contain increased percentages of pollen of boreal trees such as spruce, 
fir, and larch. This pollen assemblage was originally interpreted to mean 
a return to spruce forest as the climate became too cool for the mixed 
spruce-hardwood forest of the underlying horizon (Leopold, 1956). 
The climatic episode was correlated with the Valders ice advance in 
the Great Lakes region, then thought to have occurred about 10,800 
B.P. (Leopold, 1956; Davis, 1958). The spruce-fir zone was deposited 
between 9,500 and 10,500 years ago (Davis, 1965), however, a time 
now known to be 1,000 years after the advance of Valders ice (Broecker 
and Farrand, 1963). 

Figure 7 shows the pollen percentages from the spruce-fir zone at 
several sites, compared with percentages in surface samples from 
Quebec. The correspondence is very close to samples from the open, 
park-like boreal woodland of northern Quebec. The modern samples 
contain higher percentages of Artemisia and ragweed pollen and slightly 
lower percentages of oak pollen; I do not know whether these differences 
can be considered significant. It seems probable that the ragweed pollen 
in modern samples is blown in from agricultural regions far to the 
south and is more abundant than it would have been in prehistoric 
time. The oak pollen is also blown from afar; it occurs in higher per
centages nearer the source in surface samples from the southern boreal 



LATE-GLACIAL CLIMATE IN NORTHERN UNITED STATES 

I! w s g ~ c c 0:: .Q Jt a. 
~ 0 ~ "' c. "iii : 

roO..<ztlo<; X 
= 

gf
soNE. A-4 hk:---

Vt. A ) 1-

w 
0:: z 
lL !i: 

. -
i --

so.Mich. s~ ·-

Wise. 4 r :· ===--- • • 
Mim. A·b o: i ! 

:. ! 

.. ,.. 
~ ~ ; ! ... 
- ~ ~ ~ i 

33 

FIG. 7. Percentages of fossil pollen from the spruce-fir and spruce-Artemisia assem
blage zones are shown by black bars, and compared with percentages in surface 
samples from northern Quebec, shown by stippled bars. 

The code for site numbers indicated to the left of samples is as in preceding figures 
with the following addition: x, no. 7, 8, 1- 5, 6, Terasmae and Mott, 1965. 

forest. Samples from the Gaspe (Fig. I) may be compared with those 
in Figure 7 to illustrate that, although the oak percentages at the 
surface in the southern boreal forest correspond to those in the late
glacial sediments, the percentages of other kinds of tree pollen are 
quite different. 

The correspondence of the spruce-fir assemblage zone in New 
England to surface assemblages from northern Quebec implies that the 
fossil assemblage records a boreal woodland similar to the present 
vegetation of northern Quebec; a change from the climatic conditions 
of the preceding zone is indicated. If the preceding zone represents 
tundra-forest transitional vegetation, as I am inclined to believe, then 
a gradual climatic warming is indicated. On the other hand, if the 
preceding zone represents prairie-forest transitional vegetation like 
that of southern Manitoba, then the change to boreal woodland 
represents cooling, increased precipitation, or decreased continentality. 
This second possibility could be used as tentative evidence for a late
glacial climatic oscillation, whereas the first cannot. Uncertainty 
about the climatic interpretation will remain until (I) the possibility 
is eliminated that other kinds of vegetation also produce pollen per
centages similar to the spruce-fir assemblage (e.g. by negative evidence 
derived from surface samples from other regions) and (2) the ecological 
requirements of vegetation represented by the underlying spruce
hardwood subzone are better understood. 
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In a recent discussion Wright (1964) has proposed that the late
glacial spruce forest in the Great Lakes region delayed the immigration 
of other tree species because seedlings of other species would have 
difficulty becoming established within a closed spruce forest. This idea 
cannot be applied to New England, at least, because the interpretation 
made in the present study suggests that the late-glacial forests were 
not closed coniferous forest but resembled instead the discontinuous 
park-like woodland of the transition regions farther north. In fact, the 
pollen evidence suggests that a closed forest like the modern boreal 
forest never develope~ on a regional scale in New England during 
late-glacial time. If it did, it was so ephemeral that its pollen is not 
recognized as an assemblage zone separate from other stratigraphic 
units. This interpretation is tentative, of course, pending evidence that 
pollen percentages produced by closed boreal forest can be distinguished 
reliably from the percentages of the forest- tundra transition zone of 
northern Quebec. 

In the Great Lakes region sediments overlying the spruce- hardwood 
zone are characterized by maximal percentages of Artemisia pollen 
(Table 1). Pollen percentages from this "spruce-Artemisia" assemblage 
zone are shown in Figure 7; they are quite different from any modern 
samples collected so far. The abundance of Artemisia pollen in these 
sediments has led some authors (Wright et al. , 1963) to conclude that 
the zone represents a park- tundra that developed as a result of climatic 
cooling associated with the advance of Valders ice. Radiocarbon dates 
corroborate the correlation at some, but not all, sites (Table 1). Surface 
samples from regions of park-tundra in Labrador fail to suggest that 
an abundance of Artemisia pollen characterizes this kind of vegetation 
(Fig. 3), but the surface samples from northern Quebec suggest that 
the interpretation may be correct for more continental regions. Further, 
pine trees do not grow in the vicinity of the northern Quebec samples 
(although some pollen is blown in from a distance) perll}itting further 
analogy with the late-glacial vegetation of Minnesota. A difficulty 
arises because high percentages of Artemisia pollen (accompanied by 
other NAP types) also characterize prairie vegetation. On this basis 
Cushing (1965) has suggested as an alternative interpretation that the 
spruce- Artemisia subzone of Minnesota might represent the develop
ment of a prairie- forest transition; this interpretation implies an episode 
of warmer rather than colder climate and would correspond with 
Ritchie and de Vries' (1964) interpretation of a pollen diagram from 
Saskatchewan (Table 1). The question remains open until additional 
surface samples have been collected and methods have been developed 
for distinguishing pollen spectra from these different types of vegetation. 
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Pine-Birch Zone 

The lower part (B-1) of the postglacial pine zone, as it is known from 
New England, is closely matched by surface samples (Fig. 8). The 
fossil assemblage is similar to modern pollen assemblages from central 
Canada and northern Minnesota, particularly the Lake Timagami 
region in Ontario and the Gatineau Valley in Quebec. These localities 
are each about 100 km south of Rowe's boundary between boreal 
forest and mixed deciduous-coniferous ("Great Lakes-St. Lawrence") 
forest. High percentages of pine and birch pollen are characteristic of 
this vegetation type (Fig. 2), and, recognizing this, we might expect a 
fossil pine-birch pollen zone in the mid-continent region for a time 
when there was a transition from boreal to deciduous forest. According 
to size-frequency studies of fossil pine pollen (Davis, 1958, and 
unpublished data from Taunton, Mass.; Whitehead and Bentley, 
1963), jack and/or red pine may have been growing in New England at 
this time. These species, now rare or absent in southern New England, 
are abundant in Ontario and Quebec, where the surface samples were 
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FIG. 8. Black bars show percentages of fossil pollen from the pine-birch pollen assem
blage zone. Stippled bars show for comparison surface samples collected near the 
transition between boreal forest and mixed coniferous--<leciduous forest in the Lake 
Timagami region, Ontario, and in southeastern Manitoba. A sample from a northern 
Minnesota deposit, just below a rise in ragweed pollen percentages that indicates 
human disturbance, is included with the surface samples. 

The code for site numbers indicated to the left of samples is as in preceding figures 
with the following additions: u, nos. 17, 15, 14, 16, 13, King and Kapp, 1963; v, Weber 
Lake, core from lake center, 11-cm depth below mud surface, Fries, 1962; w, nos. 
84, 75, 76, 83, Lichti-Federovich and Ritchie, 1965. 
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collected (Rowe, 1959). A continental climate, cooler and drier than 
the present climate of southern New England, is indicated. 

The early pine zone in the Great Lakes region is not so easily under
stood because of the absence of birch pollen at many sites. In Minnesota, 
fossil birch pollen is present, but it does not occur in maximal percentages 
at the same stratigraphic levels as pine pollen. Nevertheless, there is 
some resemblance to presettlement pollen rain in northeastern 
Minnesota (Fig. 8) and to the modern pollen rain in southeast Manitoba, 
where jack pine is at present abundant. In the case of both the Great 
Lakes and New England pollen sequences, then, resemblance to 
vegetation to the northwest is indicated by the pine- birch fossil-pollen 
subzone. The same may be said of the overlying pine-oak assemblage 
(B-2) of southern New England, which resembles surface samples from 
southern Ontario (Fig. 2). 

VALIDITY OF INTERPRETATION THROUGH COMPARISON 

WITH SURFACE SAMPLES 

The data from surface samples that are summarized in this paper show 
recognizable and consistent relationships between pollen percentages 
and regional vegetation. I am in agreement with Lichti-Federovich and 
Ritchie (1965) that a geographical study of modern pollen rain is the 
most useful approach to interpretation of pollen diagrams in our present 
state of knowledge. There are limitations to interpretation through 
comparison with the modern pollen rain, however, that should be 
discussed, particularly as they apply to comparisons over great distances, 
as I have attempted here. 

We know already from the variation observed from station to 
station within a small area that the same vegetation can produce 
different pollen spectra. These differences are obvious whenever large 
numbers of samples have been collected (Fig. 3). They can be minimized 
by collecting samples from exposed sites, as moss from small islands 
(King and Kapp, 1963) or sediment from lakes (Davis and Goodlett, 
1960; Lichti-Federovich and Ritchie, 1965). In general it has been 
possible to demonstrate that the differences between samples collected 
from different landform-vegetational regions are greater than differences 
among those from the same region (Terasmae and Mott, 1964; Lichti
Federovich and Ritchie, 1965). 

One cannot say, however, that a distinct vegetational type always 
produces a distinct pollen assemblage. The hypothesis has not been 
adequately tested, because the modern pollen rain of so many regions 
is undescribed (Fig. 4). In theory, it should be possible for different 
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vegetational types to produce similar pollen spectra. Species that 
contribute few grains to sediment make up a "silent area" on the 
landscape that is not registered in the pollen rain. Vegetational types 
that differ greatly in the sizes of silent areas, but which are similar in 
other respects, could produce similar pollen percentages (Fagerlind, 
1952; Davis, 1963). This problem arises in its simplest form when 
tree-pollen assemblages from regions of closed forest are compared 
with tree-pollen assemblages from regions of parkland. If the percentages 
of tree pollen produced by the forested areas in the two regions are 
similar, the pollen might give the impression of similar vegetation, 
although in fact forest and parkland are quite different. In this case 
one has only to consider the nonarboreal pollen as well as the tree 
pollen to allow the silent area to be registered in the pollen assemblage. 
But when pollen from the silent area is not produced, or is destroyed, 
such a simple solution is not possible. Even in these cases, however, the 
problem may not be so serious in practice as it appears to be in principle. 
Perhaps in nature the proportions of species in a forest where poplar 
does not occur, for example, are never identical with those in regions 
where poplar is abundant. It may thus be possible to distinguish the 
pollen rain of the two regions, even though poplar itself does not 
contribute to the pollen assemblage preserved in sediments. 

A related problem is the difficulty of determining which variations 
among pollen spectra are significant and which are not. With the 
subjective method employed here, bias may be introduced through the 
choice of fossil samples used for comparison. There is, in fact, much 
more variation from site to site and from level to level within a pollen 
zone than I had previously realized. Averaging samples will not solve 
the problem, moreover, because trends exist within pollen zones. 
More extensive studies of surface samples and statistical analyses of 
the results may yield methods to solve this problem. 

An additional question is posed by diversities in soils and topography. 
Where these have profound influence on the distribution of species, 
they must be considered as important as climate in controlling the 
vegetation. Thus an identity of species frequencies, in regions of very 
different soil or topography, must mean a compensatory difference in 
some other factor(s), e.g. climate, between the two regions. This problem 
must be recognized in comparing the pollen rain of New England, a 
region which is mountainous and largely underlain by acidic rock, to 
that of the Great Lakes region, which has low relief and a thick mantle 
of calcareous drift. An additional problem may arise because of direct 
influence of differences in relief on pollen deposition. Topography 
itself may influence the way in which vegetation is represented by 
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pollen (Tauber, 1965); identical species frequencies may in fact be 
represented by different pollen percentages in regions of contrasting relief. 

The possibility also exists that day-length affects pollen productivity. 
If this is so, similar vegetation growing at 42°N during late-glacial time 
and 55°N at present may produce pollen in different percentages. 

Even if topography, soils, and latitude are assumed unimportant 
relative to temperature and moisture in determining modern vegetation, 
one must establish that the vegetation is controlled by natural factors 
rather than by man. Such is not the case in much of the region considered 
here, where recent farming or extensive logging has changed the 
vegetation (Rowe, 1959). Meaningful samples can be obtained, however, 
from sediment deposited immediately before the inception of farming 
and logging by white settlers, where it can be assumed that Indian 
influence was minimal. Such sediments occur from 10-40 em below 
the surface in midwestern deposits and can be recognized by their low 
percentage of ragweed pollen relative to the surface (McAndrews, 
1966). Using this fact, McAndrews has been able to relate the pre
settlement pollen rain in Minnesota -to the presettlement vegetation, as 
recorded by early surveyors. In addition, he has been able to find pre
settlement samples with pollen percentages similar to fossil pollen 
percentages in most of the postglacial portion of the pollen sequence 
from the region, thus placing the interpretation of the sequence on an 
unusually firm basis. 

The qualifications and reservations that are discussed in the last 
section are important ones, applicable to the present study. Nevertheless, 
the data are adequate to support the following conclusions: 

1. Comparison with modern pollen samples can be used to interpret 
most late-glacial pollen diagrams, although one must look far afield 
for similar modern pollen spectra. In the present study comparisons 
have been made with modern pollen deposited more than 1,000 km 
from the late-glacial sites. 

2. Late-glacial pollen assemblages resemble pollen assemblages now 
being deposited in regions of tundra, northern prairie-forest parkland, 
and boreal parkland. A few fossil assemblages are unlike any modern 
assemblages collected so far, but this negative result is meaningless until 
the modern pollen rain has been sampled more extensively. 

3. Late-glacial material from Nova Scotia bears some resemblance to 
modern material from maritime regions of the eastern Arctic, but 
late-glacial material from southern New England and the Great Lakes 
region has a more western aspect, with affinities to modern pollen 
assemblages produced in continental regions of tundra or prairie-forest 
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transition. The oldest assemblages in New England resemble those 
deposited today in tundra far from any forest, whereas the oldest 
assemblages in the Great Lakes region resemble those deposited today 
in tundra regions near the northern tree limit. In southern New England 
the tundra was replaced 12;000 years ago by vegetation that may have 
resembled modern park-tundra. Subsequently, spruce woodland 
developed, similar to modern open woodland north of the boreal forest 
in Quebec. About 9,500 years ago this vegetation was replaced by mixed 
coniferous-deciduous forest similar to modern forests of the northern 
Great Lakes region south of the modern boreal forest. In the Great 
Lakes region the early late-glacial tundra vegetation appears to have 
been replaced rapidly by woodland or forest. Subsequent vegetation 
produced pollen assemblages dominated first by spruce and then by 
pine pollen, with affinities to modern assemblages farther to the north 
and west, in Manitoba. 

4. The resemblance of many late-glacial pollen assemblages to modern 
pollen being deposited in regions to the north and west is sufficient to 
suggest that ~e late-glacial vegetation of New England resembled the 
modern vegetation of central Canada, whereas the late-glacial vegetation 
of the Great Lakes region may have resembled the modern vegetation 
of west-central Canada. This implies that the late-glacial climate of 
both regions was drier, cooler, and more continental than at present 
This interpretation fits well with evidence for the development of 
prairie in Minnesota early in postglacial time (Wright et al. , 1963; 
Cushing, 1965). A simple temperature rise relative to late-glacial 
conditions might have been sufficient to induce this change in vegetation. 

Some of the contradictory climatic interpretations of late-glacial 
pollen evidence stem from disagreement about the primary factor 
(temperature or moisture) that limited forest growth during late-glacial 
time. Comparisons with modern samples suggest that the climate was 
cooler than at present; in the Great Lakes region it may have been at 
least close to a climate in which moisture was limiting to tree growth. 
This interpretation is not precise enough to allow us to conclude what 
the effect of an increase or decrease in temperature might have been, 
but further application of the methods used in this paper may give 
results sufficiently refined' to decide this point. It may then be possible 
to understand fully the significance of the changes in pollen percentages 
within the spruce-pollen zones that are so characteristic of late-glacial 
deposits, and to determine in an objective manner the nature and 
magnitude of the climatic changes they may record. 

This work has been supported by the National Science Foundation, Project 
Grant GB 2377. 
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Discussion 

J. H. McAndrews: Dr. Ritchie has been trying to characterize the pollen 
assemblages produced by the present landform-vegetation units in Manitoba 
in the hope of using these in the interpretation of fossil pollen assemblages 
in the same region. He is, however, more pessimistic than you are. For 
example, he can find no modern correlative for the large late-glacial per
centages of Populus (10 to 20%) that have been reported from southern 
Manitoba and Minnesota. Also in Minnesota we find substantial percentages 
of Fraxinus nigra-type pollen in the late-glacial, and there are no modern 
spectra equivalent to these. I urge more pollen analysts to attempt to 
distinguish the pollen of Fraxinus species. 

Davis: It seems probable that cases will arise where no modern equivalent 
exists for a fossil pollen assemblage. It would be premature, however, to 
assume that this is true for our late-glacial pollen assemblages when such 
vast regions of the continent have never been explored in regard to modern 
pollen deposition. 

Dr. Ritchie has suggested that Populus pollen counts should be left out 
of the pollen sum when pollen percentages are calculated, in order that 
comparisons can be made between percentages of the remaining pollen types 
in sediment where Populus is preserved, and sediment where it is not. This 
was not done in the present study, although I think-it would be a good idea. 
It is my hope that the remaining pollen spectrum, exclusive of Populus, will 
be sufficiently characteristic to permit us to distinguish vegetation with 
abundant Populus from vegetation that does not include Populus. 

J. Terasmae: I am particularly happy to see the use of pollen and spore 
assemblages obtained from surface samples in northeastern Canada in the 
interpretation of late-glacial parts of pollen diagrams from eastern North 
America and to note the several interesting correlations evident from such 
comparison. 

Further supporting evidence for some of the points you have raised may 
be forthcoming when recent surface assemblages from other parts of Canada 
(that have been obtained but are as yet unpublished) are incorporated with 
the work you have reported. I hope that you will continue these studies. 

Davis: Thank you for your comment. The close geographical correlation 
between pollen assemblages and vegetation has impressed me very much, 
and made me more optimistic than I was previously about the use of surface 
samples for interpretation. I had felt many of the problems thai arise in 
interpretation of pollen percentages through correction for differences in 
representation would apply also to comparisons with surface samples, but 
it appears now that many of these problems will not prove especially serious 
in practice. 

I am glad to hear that additional studies of modern pollen deposition in 
Canada are in progress, as your own studies have been particularly valuable 



LATE-GLACIAL CLIMATE IN NORTHERN UNITED STATES 41 

for interpretation of late-glacial material from the United States. Among the 
interesting results of your recent studies has been the demonstration that 
pollen of temperate species, such as oak, is deposited together with local 
pollen in surface sediment in the forest-tundra regions of the far north. This 
makes more understandable the occurrence of pollen of temperate deciduous 
trees in late-glacial sediment. 

J. G. Ogden, III: In connection with problems of the presence of thermo
philous tree pollen in late-glacial sediments, it is quite probable that the 
exposed continental shelf off New England served both as a corridor and a 
refugium fo~ coastal plain elements which have since become isolated by 
sea-level rise. The establishment of these plants was first postulated by 
Hollock in 1894 and endorsed subsequently by Fernald in his studies of the 
flora of Nova Scotia. 

Although critical dates and levels are not yet available from the continental 
shelf region and offshore banks in eastern New England, it is quite probable 
that sea levels 10,000 years ago were more than 150 feet lower than at present. 
Such a lowering would expose vast areas to the south of the present islands 
of southeastern New England, and would firmly connect Long Island with 
Martha's Vineyard and Nantucket, as well as extending far out along the 
Grand Banks. 

A second problem concerns the migration of pine that you mention. It is 
quite likely that the source of pine, and perhaps hemlock, for the revegetation 
of Michigan and Illinois could not have been from the unglaciated Appalachian 
uplands east of Ohio. The calcareous tills of western and central Ohio would 
effectively preclude the establishment or migration of these genera. Pollen 
records from this region (Ogden, in press) show no "pine period" and only 
a very brief interval where the contribution of pine pollen exceeds 10 %. 
I therefore consider an "Ohio corridor" for Appalachian elements very 
improbable in the postglacial revegetation of states west of Ohio. 
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