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COMPARISON OF THE PRESENT VEGETATION WITH POLLEN-SPECTRA IN
SURFACE SAMPLES FROM BROWNINGTON POND, VERMONT

MARGARET BryaN Davis! anp JorN C. GoobpLETT?

INTRODUCTION

Pollen-bearing sediments found in lakes or
bogs provide a record of past vegetation, pre-
sumably arranged in a stratigraphic column.
Many pollen deposits contain essentially the same
pollen types throughout. Thus description of a
deposit depends largely upon a quantitative de-
termination of the relative proportions of pollen
types at various levels. Interpretation of pollen
deposits assumes that frequencies of pollen types
deposited reflect the complexion of the surround-
ing vegetation. Therefore, changes in frequencies
of pollen types within the stratigraphic column are
assumed to reflect changes in proportions of spe-
cles or genera in the surrounding vegetation.
These changes are often interpreted as the result
of climatic change, one of the major factors affect-
ing species composition of vegetation. For this
reason, interpretations of pollen-bearing deposits
are of great interest to students in such fields as
glacial geology and paleoclimatology.

It has long been recognized, however, that the
efficiency of pollen production and dispersal in
different species of plants varies widely. A rea-
sonable interpretation of a pollen spectrum can
be made only if the relative pollen dissemination
efficiency of each species is known. Attempts to
estimate pollen production and pollen dispersal
distance have been made in Europe (reviewed by
Faegri and Iversen 1950) and in Japan (e.g.
Tsukada 1958), but research in this aspect of
pollen analysis has been largely neglected in North
America. Pollen analysts here have tended to rely
on European estimates of pollen production, a
dangerous practice because the pollen production
of congeneric species has been shown to vary
(Pohl 1937). In a few areas, the present vege-
tation, studied at least in part quantitatively, has
been compared to the pollen spectra in surface
moss polsters or lake muds: the Great Smoky
Mountains (Carroll 1943), Oregon (Hansen
1949), Alaska (Livingstone 1955), Alberta
(Erdtman 1943) and Quebec (Potzger et al.
1956). However, pollen dissemination character-
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istics of most forest trees of New England are
completely unknown.

This paper compares the present vegetation of
the Memphremagog quadrangle in northern Ver-
mont, an area containing both deciduous and conif-
erous tree species, with pollen spectra in samples
of bottom muds now forming in lakes in that area.
It describes 1) the methods and results of a sur-
vey of the vegetation of the quadrangle, 2) the
methods and results of pollen analysis of mud
samples, and 3) a comparison between these data.
From the results a rough estimate is made of the
relative pollen dissemination efficiency of some
of the more common forest trees of the region.
The significance of the results for the interpreta-
tion of fossil pollen spectra is discussed.

Colloquial names for tree species will be used
in the discussion. For the convenience of the
reader, a list of the names and their Latin equiva-
lents (Fernald 1950) is given below:

Alder ........... ... ..., Alnus spp

Black alder ............. Ilex werticillata
Apple ... ... il Pyrus Malus
Arbor vitae ............. Thuja occidentalis
Blackash ............... Fraxinus nigra
White ash .............. Fraxinus americana

Mountain ash ........... Pyrus americana
Large-toothed aspen ...... Populus grandidentata
Trembling aspen ........ Populus tremuloides
Beech .................. Fagus grandifolia
Gray birch ............. Betula populifolia
Paper birch ............. Betula papyrifera
Yellow birch ............ Betula lutea

Butternut ............... Juglans cinerea
Black Cherry ........... Prunus serotina
Pin-cherry .............. Prunus pensylvanica
Chestnut ............... Castanea dentata
Elm ................... Ulmus americana
Balsam fir .............. Abies balsamea
Hawthorn .............. Crataegus spp.
Hemlock ............... Tsuga canadensis
Hickory ................ Carya spp.
Hop-hornbeam .......... Ostrya virginiana
Larch .................. Larix laricina
Mountain maple ........ Acer spicatum

Red Maple ............. Acer rubrum
Striped maple ........... Acer pensylvanicum
Sugar maple ............ Acer saccharum
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Red Oak ............... Quercus rubra

Red pine ............... Pinus resinosa
White pine ............. Pinus Strobus
Balsam poplar ........... Populus balsawmifera
Shadbush .............. Amelanchier

Black spruce ............ Picea wmariana

Red spruce ............. Picea rubens

White spruce ........... Picea glauca

Poison sumac ........... Rhus Vernix
Willow ................ Salix spp.

GEoLOGY AND CLIMATE OF THE MEMPHREMAGOG
QUADRANGLE
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D Area of detail map (Figure 2)

Plant traverses outside of sampled area (width of traverses exaggerated)
i)

M - one to few cak trees present on lawns

= no oak trees observed

EH - red oak present, presumably wild trees; occurs both in forest
stands and os scaottered trees along field borders
Frc. 1. Outline map of Memphremagog quadrangle,

showing the distribution of oak. Inset shows location
of Memphremagog quadrangle (hachured area) in Ver-
mont. Map is drawn from U. S. Geological Survey
topographic map, 1:62,500.

The Memphremagog quadrangle (Fig. 1) com-
prises rolling hills underlain in large part by
phyllite, schist, quartzite, slate and limestone and
rising 300-500 ft above adjacent valleys (Doll
1951). Altitudes range from 682 ft at Lake
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Memphremagog to 2935 ft, the summit of Good-
win Mountain. This peak and Barton Mountain
are underlain by granite and lie near the southern
edge of the quadrangle. Granite also underlies a
circular area about 5 miles in diameter that ex-
tends northward from Brownington Pond. The
principal drainage is northwestward toward Lake
Memphremagog and thence to the St. Lawrence
River. Most of the region is mantled with cal-
careous drift or “boulder clay.” Sand and gravel
deposits lie in many valleys. The uplands have
slopes that are commonly less than 20% ; many
are less than 12%. The region has a continental
climate with cold winters. The mean January
temperature at Newport, on the southern shores
of Lake Memphremagog, for the years 1930-
1958 has been 15.7°F; the mean July temperature
67.2°F ; and the average annual precipitation 35.7
in. (M. W. Drew, personal communication).

VEGETATION

Forests of sugar maple, birch, hemlock, beech
and other deciduous species with occasional spruce,
fir and arbor vitae occur on many slopes and on
the summits of the hills and ridges. Stands of
coniferous trees are common on the lower slopes
and in the valleys. Young arbor vitae, spruce,
fir and larch are frequently found in meadows and
pastures. Apparently many of the coniferous
stands are the first generation of trees on aban-
doned fields. This may explain their distribution
in the valleys and on the gentler slopes that were
suitable for clearing and cultivation.

Most of the cleared land in the quadrangle is
used as pasture for dairy cattle. In addition,
many of the forests show evidence of grazing by
cattle and selective lumbering. The percentages of
forested and non-forested land were estimated
from the green overprint on the topographic map
of the Memphremagog quadrangle, published by
the U. S. Geological survey (scale 1:62,500, re-
vised 1953). The quadrangle contains about 50%
forested land, 45% non-forested land, and 5%
open water.

A quantative study was made of
forests in the vicinity of Brownington
near the center of the quadrangle.
pling points within a 2 mile radius of
the pond were selected by superimposing
a 74 in. grid on the map. Points that fell in green
areas were located on the ground by inspection
of the topographic map. Because of limited time
we sampled only at the 18 forested points within
the northern 180° sector (Fig. 2). However, it is
our impression, derived from traverses based upon

the
Pond,
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Fi. 2. Detail map of sample area, drawn from U. S.
Geological Survey topographic map of the Memphrema-
gog quadrangle. Contour interval 100 ft.

the road net (Fig. 1), that the vegetation in this
sector is typical of much of the forest vegetation
of the quadrangle. At each of the 18 sample
points a circular 0.2 acre (8712 {t%, about 800 m?)
plot was marked off. All stems in the plot greater
than 1 in. dbh (measured uniformly at 4.5 ft above
the ground surface) were identified, measured
with calipers, and tabulated in the following cate-
gories: 1-2, 2-3, 3-4, 4-5, 5-6, 6-10, 10-20 in. dbh.
Stems greater than 20 in. dbh were measured and
recorded individually. At sample point 3, saplings
were so numerous that an estimate, rather than
a count, was made for the deciduous tree stems
in the smaller size categories. The data were later
converted to basal area (cross-sectional area of
stem at breast-height ). Basal area is a more mean-
ingful expression of the data for this study than
stem frequency, because larger trees which have
larger and higher crowns and presumably shed
more pollen are assigned greater values than
smaller trees. The total basal area of each sample
plot, the number of stems counted, and the per-
centage of the total hasal area contributed by each
species are given in Table I and Figure 3. Spruce
species were identified in the field by cone charac-
ters, but when cones were not available identifi-
cations were based on less reliable vegetative
characters. For this reason spruce is identified
only to genus in Figure 3.

Sample plots indicated a highly diverse forest
cover (Fig. 3 and Table I). The number of tree
species per plot ranged from 4-14. Of the 31
species recorded, only 8 were found in as many
as half of the 18 plots, and 9 species were found in
only one or 2 plots. Not one of the species was
found in all plots, although yellow birch and bal-
sam fir each occurred in all but 3. Only 5 species
(balsam fir, arbor vitae, sugar maple, spruce and
balsam poplar) constituted as much as 50% of
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TazLe 1. Total basal area of each plot, the number
of stems counted, and the percentage of basal area in
sample plots contributed by species not shown in Fig. 3.

. <
I TR
RN .
= g:s. E"E Percentage basal area in plot:
o= o
1 42.05 99
2 | 33.31 | 183 | Pin-cherry 0.04; apple 1.28
3 | 13.62 | 421 | Pin-cherry 3.40
4 15.32 | 148 | White pine 1.07; hawthorn 0.74
5 | 25.71 63 | Striped maple 1.67
6 | 26.16 71 | Striped maple 8.45
7 19.74 | 326 | Paper birch 10.20; apple 1.67; shadbush 0.06
8 | 21.03 | 170 | Striped maple 0.81
9 | 30.50 | 311 | Willow 0.19; black alder 4.92
10 14.86 | 112

Striped maple 0.25; black ash 7.73

Striped maple 0.32; pin-cherry 0.52; apple 0.06

Black ash 0.41; pin-cherry 4.94; alder 3.32; shadbush
0. 13; poison sumac 0.06

15 | 20.27 | 156
16 | 33.28 | 135
17 7.12 | 153

Paper birch 0.87

Alder 0.75; shadbush 0. 10

Paper birch 0.34; willow 5.75; pin-cherry 0. 86; mountain
ash 0.52

Black cherry 1.49

18 | 23 34 97

the basal area in any one plot. Stand diversity
can be illustrated by another means. If the spe-
cies found in each sample plot are arranged in
descending order of basal area, and the minimum
number of species required to make 75% of the
basal area in the plot is recorded, it will be seen
that the composition of no 2 plots is the same.
The number of species required ranges from 1-4.
Sugar maple provides the largest percentage of
hasal area in 5 plots, and spruce, arbor vitae, and
hemlock in 2 plots each. In terms of total basal
area in all 18 sample plots (Table I1), the most
abundant trees are the maples, arbor vitae, bal-
sam fir, and the spruces, in that order. Each of
these constitutes more than 10% of the total
basal area.

Red pine, butternut, large-toothed aspen and
oak trees were observed in the Memphremagog
quadrangle, although none of these species was
found at the sample points. Butternut trees were
seen in field borders immediately north of the
sample area, large-toothed aspen were seen on a
few steep slopes, and red pines occasionally were
observed on thick deposits of sand and gravel.
Oak trees are apparently extremely rare in the
Memphremagog area (Fig. 1). A few red oaks,
and one mossy-cup oak (Quercus macrocarpa)
were seen near farmhouses and in the villages.
Red oaks are common shade trees in the city of
Newport. Forest stands containing red oak trees
were observed only on the steep sand banks, 200-
400 ft high, adjacent to South Bay of Lake
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Memphremagog, where at least 50% of the trees
are red oaks. Other species are red pine, white
pine, large-toothed aspen, trembling aspen, bal-
sam poplar, red maple, sugar maple, striped maple,
gray birch, paper birch, balsam fir, and arbor
vitae. No oak was seen on the less extensive
sand and gravel deposits along the rivers, or on
steep, thinly-mantled bedrock slopes. Apparently
oak does not grow naturally in this region except
on coarse-grained, gravelly soils on extremely
steep slopes. However, the possibility exists that
steep slopes on higher hills in the southeastern
part of the quadrangle, which were not thoroughly
examined, support forest containing oak trees.
Of the tree species not found in any vegetation
samples, oak is of the greatest interest because its
pollen is found in all the surface samples, where
it constitutes from 2.1-3.6% of the tree and shrub
pollen. Only 8 of the tree and shrub pollen types
exceed this maximum frequency of oak. Studies
of the distribution of oak in New England (Good-

lett, in preparation) suggest that oak is essen-
tially absent from a wide area around Lake Mem-
phremagog (Fig. 4). Unfortunately, the local
distribution of oak in southern Quebec is not

known, although small-scale distribution maps
(Munns 1938 Little 1949) indicate that it is
present.

Sample plots in unforested areas were not
studied quantitatively. Four of them lay in mead-
ows, one in a meadow with a few elm, 4 in
meadows with young arbor vitae, spruce and fir,
and one in a meadow overgrown with shrubs,
voung conifers and young deciduous trees.

PoLLEN ANALysis oF [LAKE Mubp
Samples for pollen analysis were collected from
Brownington Pond in the Memphremagog quad-
rangle and from Spectacle Pond, 15.5 miles to
the southeast, in the Island Pond quadrangle.
Samples #1-5 were collected from the surface
of the mud bottom in the shallower parts of



350

TasLe II. Comparison of percentages of total basal
area in the sample plots and percentages of pollen in
the sediment samples.

Spec-
tacle
Brownington Pond Pond
Surface sampleno................. #1 \ #2 | #3 I #4 1 #5 ‘ #6 | *10
Percentage total basal arca: Percentage tree and shrub pollen:
Sugar maple 16.86
Suipedmpleo.ﬂ} ------- 17.57 | 3.88| 2.05| 2.69| 4.03| 3.46{ 3.27| 1.71
Arbor vitae. ............. 15.91 1.44| 1.56( 0.63| 0.82| 3.74| 4.48] 1.71
Red spruce 6.317
White spruce 3.977 1L33 | 3.70 3.78| 2.24| 4.12| 5.20] 6.54| 7.58
Black spruce 0.71?
Unidentified spruce 0.31 )
Yellow birch 6.16
Gray birch 2.10 -+ 8.80 153.61/55.83|57.65|56.87/50.68(48.92(49.86
Paper birch 0.54
Balsam poplar 4.18
Trembling aspen 3.56 7.74 | 0.09| 0.25] 0.09} 0.27| 0.09| 0.32| 0.76
Large-toothed aspen —
Hemlock................. 5.48 | 9.39| 8.46| 9.40( 8.97|7.75| 6.78| 1.71
Beech................... 4.52 |°5.87| 6:90[10.38| 8.24| 9.21] 6.70| 5.12
Whiteash 239\ 2.89
Black ash 0.50} 2.08( 1.40| 0.80| 1.83| 2.46| 1.44| 1.71
Redmaple............... 2.79 | 0.36( 0.33] 0.27{ 0.09( 0.36} 0.47| —
Basswood................ 2.79 — | 0.16) 0.27| 0.09| 0.09] — | 0.09
Larch................... 2.40 - | = = | =100 — | —
Elm..................... 2.39 2.08) 1.89) 1.07| 1.83| 1.37| 2.71) 1.42
Hop-hornbeam. .......... 2.09 1.35 1.48| 1.43| 1.37( 1.00| 0 88| 1.23
Pin-cherry 0.39
Apple 0.19
Black cherry 0.08 11
Hawthorn 0.03 0 0.19 0.33| — | 0.45| — | 0 08| 0.47
Shadbush 0.01 J
Mountain ash 0.01
Black alder. ........... 0.37 - — | —| -] =1 —1]0.28
Alder.................... 0.22 3.07| 4.43| 2.06| 2.11| 3.01| 4.23| 7.87
Willow.................. 0.11 0.36] 0.25| 0.09| 0.27 0.18] 0.32( 0.28
Mountain maple.......... 0.07 —_— == = = =1 =
Poison sumac. .. ......... 003 — | —| —|—| —1|— | —
Wh‘“.p‘""o'o“} --------- 004 | ¢.86( 6.16| 5.82| 4.85| 6.20| 8.22[12.04
Red pine —
Oak — ... ..o 2.47| 3.58] 2.93| 2.92| 2.40| 2.08
Hickory — ................... .. 0.33) -— | 0.18] 0.18| 0.32| 0.09
Butternut — 0.16{ 0.45{ 0.09) — | 0.32] 0.28
Chestnut — ............ 0.08| 0.09| 0.09| 0.09| 0.08 —
Hazel — ............... 0.16| — — [ 0.09] — |0.19
Viburnum — — | 0.09f — | 0.09f — | —
Ericaceae — ............ 0.16f — | — | — | — |0.19
Myricaceae — 0.41] 0.27| 0.27| 0.45| 0.49} 2.08
Total basal area in sample plots
409.53 ft2
Total number stems counted in
sample plots—2976
Number tree and shrub pollen
counted . ..................... 1148| 1218| 1117 1092| 1097, 1253 1055
Distance from shore in feet. .......| 50/ 55/ 225/ 400{ 700 1600| 250
Water depth in feet............... 0.5 1] 1.5 3| 4.5 25 7

Brownington Pond and sample #10 was collected
from the surface of the mud bottom in Spectacle
Pond. The samples were collected directly from
the mud surface in 5 dr glass vials. The ap-
proximate distance from shore at which the
samples were taken and the water depth at each
sampling site are indicated in Table II.

Sample #6, mud from the center of Browning-
ton Pond, was collected with a Livingstone borer
by Davis and E. S. Deevey Jr. Soundings indi-
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cated a firm mud bottom 8 m (26 ft) below the
water surface. The borer was lowered through
the water to a depth of 7.3 m and a core of water
and mud was taken from 7.3 m-8.3 m depth. A
few minutes after the liner containing the core
was brought to the surface, it was tilted to pour
off water and loose mud in the upper part of the
liner. The mud was caught in numbered 5 dr
vials as it was poured. These samples were desig-
nated #6-9. The similarity of pollen frequencies
in these samples indicated that mixing might have
occurred when mud samples were poured from
the liner. However, when they were tested for
similarity by the chi-square test recommended by
Faegri and Ottestad (Faegri and Iversen 1950),
it was found that the frequencies of spruce, hem-
lock, birch and ash pollen in the 4 samples varied
more than could be expected on the basis of chance
if all 4 were from the same population (0.05>P).
The frequencies of spruce, hemlock and ash pol-
len in the 2 samples, #6 and #7, also varied signifi-
cantly. It was decided, therefore, that complete
mixing had not occurred, and that sample #6,
although perhaps contaminated to some extent
with slightly older material, could be considered
a sample of the mud surface.

Pollen was extracted from mud samples by
flotation in bromoform (Frey 1951), defloccula-
tion for 6 min. with 10% KOH in a boiling
water bath, and acetolysis as described by Faegri
and Iversen (1950). The residue was stained
with neutral red and mounted in Mounting Me-
dium No. 8, obtained from the Tanglefoot Co.,
Grand Rapids, Mich. Pollen counts were made
at 200x magnification. An apochromatic oil im-
mersion lens was used for all critical identifica-
tions, including that of oak pollen. Pollen identi-
fications were based on comparison with reference
slides from herbarium collections. At least 1000
tree and shrub pollen grains were counted in each
sample. The sum for calculating the percentages
of these pollen types included only tree and shrub
(and unidentified Rosaceae) pollen to allow com-
parison of pollen frequencies with frequencies of
trees and shrubs in the forest survey. Percentages
of herbaceous and aquatic plant pollen and spores
were calculated as percentages of total tree, shrub
and terrestrial herb pollen. The results of the
analyses are shown in Tables II and III.

Pollen size as a means of identification.—Size
measurements of birch, pine and spruce pollen in
the sediment samples were made because size
measurements are sometimes used for species
identification of pollen types identifiable other-
wise only to genus. The usual practice has been
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F16. 4. Outline map of a portion of northern Vermont and New Hampshire, showing the distribution of oak
in the region surrounding the Memphremagog quadrangle.

to compare the size distribution of a fossil pollen
type with the size distribution observed in pollen
prepared from living trees or herbarium speci-
mens. Because size distributions of pollen from
a single plant or from several plants of the same
species are unimodal, bimodal size distributions
of fossil pollen are usually interpreted to indicate
the presence of pollen contributed by at least 2
species within the genus. The modal sizes are
compared to the mean sizes of pollen observed in
modern species, and identifications are made on
this basis (Cain and Cain 1948). It was felt that
the validity of this method could be tested by
comparing the distributions of pollen size in the
sediment surface samples with the mean pollen
sizes described in the literature for species now
living in the region.

The species of birch known in the Memphrem-
agog quadrangle are yellow birch, gray birch
and paper birch. In the sample plots yellow birch
makes up to 70% of the basal area recorded for
birch, gray birch 24%, and paper birch 6%.
The mean size of pollen, treated with KOH and
acetolyzed, observed for these species is 29.7w
(the average of the mean sizes of 100 grains meas-
ured in each of 10 collections from herbarium

specimens) for yellow birch, 30.7u (5 collections)
for paper birch, and 25.4u (4 collections) for gray
birch (Leopold 1956). The birch pollen in our
samples #1 and #6 is considerably smaller (Fig.
5). It ranges from 14.8u. to 29.6w ; the modal size
is 24.7u. Probably the pollen in the sediments is
pollen from the 3 local species that has undergone
a change in size as a result of laboratory treat-
ment or of conditions of preservation. This hypoth-
esis is supported by the fact that the pine and
spruce pollen in the sediments is considerably
smaller than modern pine and spruce pollen (see
below). The mode of the size distribution of
birch pollen in samples #1 and #6 may represent
the modal size of yellow and paper birch pollen,
and the asymmetry of the distribution may be
due to the presence of gray birch pollen with a
smaller modal size. In these samples, compari-
son of absolute pollen size apparently is not a
reliable method for making species identifica-
tions.

White pine and red pine were the only pine
species observed in the Memphremagog quad-
rangle. Measurements of the maximum internal
diameter of acetolyzed pine pollen have been
made by Cain and Cain (1948). They report
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TasLe III. Percentages of non-arboreal pollen types
in the sediment analysis.
SeecTACLE
BrowNINGTON Ponp Ponp
Surface sample no........... #1 ' #2 | #3 | #4 | #5 | #6 #10
Percent total terrestrial plant pollen:

Total herbs. ........ .. .... 9.92| 6.19| 6.92| 8.16(10.16(16.19 13.60
Total shrubs. .. ... .. ... .. 3.58| 3.76| 2.33| 2.44| 3.44| 4.15 9.42
Total NAP................ 13.50| 9.95| 9.25/10.60)13.60(20.33| 23.01
Graminege. . ............... 3.66| 3.39) 1.82| 3.20| 4.01| 6.35 6.06
Cyperaceae. . ......... ..... 2.11| 1.62| 0.67| 0.67| 0.57| 1.54 0.90
Ambrosia. ................. 2.20{ 3.02| 0.23| 1.85| 3.28  4.75 3.28
Xanthium-type. . ... ... .. .. — | 0.07| — | 0.25] — | 0.07 —
Artemisia-type. ... ......... 0.08| 0.07| 0.25| 0.08| 0.24| 0.20 0.16
Tubuliflorege . . . .. .. ....| 0.24| 0.37| — | 0.25{ 0.24] 0.60 0.16
Ligulifloreae. .. ............. — | — | 0.08) — | 0.08] 0.07 0.16
Chenopodiaceae. .. .......... 0.16| 0.22) — | 0.17) — | 0.13 0.16
Rumez.................... 1.30] 1.18] 1.33] 1.26| 1.39| 1.81 2.05
Plantago major-type.. .. .. ... 0.08 — — — 1 0.16/ 0.20 —
Plantayo lanceolata-type. . . .. — 1 0.15) — — | 0.08] 0.07 0.16
Plantagosp................. — | = | = = —=10.15 —
Thalictrum. . ...............|0.16/] — | — [ 0.17| — | 0.07 0.24
Caryophyllaceae. .. ... .. ... — 1 0.07| — — — 1013 -
Leguminosae. . ... ... ... ... — 00011017, — | — | — 0.08
Umbelliferae.......... .. ... — | — | 008 — | — | — 0.08
Urticaceae. . ... ............. — ! — | — | — | 0.08 0.07 —
Galium-type.... ...........| — | — — - | = = 0.08
Numb:r terr strial plant

pollen counted. ... ... .| 12:30] 1357| 1200| 1189| 1221| 1495 1221

Not included in sum:

Unknewn. ..o 024 007 0 58 0.75/ 0.0n5 0.60 0.57
Ranunculaceae. .. . ... ... .. 0.16/ —~ | 0.17| 0.08 0 41| 0.40 0.33
Typhuceae . . . .. ... — 10.07{ 0.08/ 0.25 0.16 — 0.33
Nymphaea . . . . 0.08] — - — — [ 0.07 -
Nuphar. ... ... .. 0.08/ 0.07 — | 0.17| 0 24| 0.13 0.08
Ponteleria. . ... 008 — | 0.08 008/ 0.08 0.13 -
Potimogeton. .. ... ... 0.08 0.15 0.08 0.04 0 08 0.07 0.08
Braxeria...... ........... .| — | 007 — — - | — —
Myrioph dlum ... ... ... .. — -—— | 0 O8] 0 O8{ 0 98/ 0 07 -
Lyropoidium ... . ......] 0.41) 0.22| 0 58| 0 17| 0.24| 0 67 0.74
Lycopo 'ium luciiulum-type. | 0 16| 0.22| 0.17| 0.25 0 0%] 0.40 0.149
Selaginella. .. .. ... .. ... e - — 1007 -
Isoetes. .. .. ... .. . . ... . | — 0.08 — | 024 027 0 41
Sphagrum . ... ... .. 005 007 -- | C 0K 0.08 007 U 57
Filices... .. ... ... .. ... 1.71) 1 3.) 0.75] 1.09 0 82| 1.8/ 2 87
Dryopteris Linnaeana-type . - - - — | — | — 0.08
Ovmunda. .. .............. | 0.1¢] 0 22| 0.17( — | 0.16] 0.20 0.24
Unknown spores. ... 0.15f — | — | — [0.40 0.33

a mean size of 50.38u (¢=4.03w) for white pine
(9 collections ) and 46.00u (¢=2.85u) for red pine
(10 collections). The size distribution of the
maximum internal diameter of pine pollen in
sample #6 (Fig. 5) has 2 modes, 37.0p. and 42.0p.
As in birch, the absolute size is smaller than that
observed for modern pollen. The distribution
shows, however, that bimodal size-frequency dis-
tributions can occur in mixed populations of pollen
from white and red pine. Bimodal size frequency
distributions of pine pollen in fossil material are
often interpreted to indicate the presence of the
pollen of jack pine (Pinus banksiana), which has
a mean size of 45.9u. (Cain and Cain 1948). How-
ever, it is clear from these data that both red
and jack pine, as Cain and Cain’s measurements
have already indicated, must be considered in the
interpertation of himodal distributions of fossil
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n= ”q
— | ——

Y45 4Q.4 543 59.3 64.2 69.2 74.1 T79.0 M

F16. 3. Size distributions of birch, pine and spruce
pollen in sediment samples.
pine pollen.

The maximum internal diameter of spruce pol-
len in sample #6 was also measured (Fig. 5).
Size measurements of pollen, treated with KOH
and acetolyzed, are available for the 3 species that
occur in the Memphremagog quadrangle. The
mean pollen size for white spruce (5 collections)
is 80.36p. (5=5.45x), red spruce (8 collections)
76.59u (e=4.73u.), and black spruce (3 collec-
tions) 62.17u (6=4.28u) (Cain 1948; S. A. Cain
and S. T. Andersen, personal communication).
The size distribution of spruce pollen in sample #6
is himodal, with modes at about 54p and 67.
Although the absolute size of the pollen is smaller
than in modern pollen preparations it is likely
that the mode at 67p. represents white and red
spruce pollen, and the mode at 54u, black spruce
pollen. The bimodality of the distribution was
unexpected because of the low frequency of black
spruce in the forest (6% of the basal area re-
corded for spruce in the sample plots). However,
spruce pollen in samples #5 and #7, measured
several months later, displayed unimodal size dis-
tributions, skewed to the larger size classes.
Bimodality in sample #6 may be the result of
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statistical error or of an unusually large propor-
tion of black spruce pollen in that sample. Al-
though the data seem to indicate that black spruce
is better represented in the sediments than the
other spruce species, surface samples from Que-
bec (Potzger et al. 1956) indicate the reverse.
The possibility that the spruce species differ in
pollen production should be investigated, because
changes in the percentages of fossil spruce pollen
in pollen zone A in Massachusetts have been cor-
related with changes in the modal pollen size
(Davis 1958). 1If the spruce species vary greatly
in pollen dissemination efficiency, the changes in
pollen frequency may have resulted from a change
in the relative abundance of the species, rather
than from a change in the absolute abundance of
the genus in the vegetation.

COMPARISON OF THE POLLEN FREQUENCIES AND
THE PRESENT VEGETATION

Results of the forest survey and the pollen
analyses are summarized in Figure 3 and Tables I,
IT and ITI. Two outstanding facts emerge from a
comparison of these data. First, although there
are large local differences in the composition of
the vegetation, the pollen content of sediments
now forming in Brownington Pond shows only
slight differences. Even the spectrum from Spec-
tacle Pond, about 15 miles from Browning Pond,
is similar. Second, the pollen composition of the
sediments shows little relation to the composition
of the vegetation. Nearly all the tree species ob-
served in the present vegetation are represented
in the sediments, but quantitative relations are al-
most completely lacking. For most species and
genera the percentages of total tree and shrub
pollen in the surface samples are strikingly dif-
ferent from the percentages of total basal area
in the forest stands (Fig. 6). The forest survey
indicates that the maples, arbor vitae, balsam fir,
spruce, birch and poplar constitute about 75%
of the forest stands. Although the sample is
smaller than desirable in a region of such diverse
vegetation, even casual observation of the forest
would support this conclusion. In contrast to the
forest survey, birch, beech, hemlock and pine
are the most abundant pollen types in all the
samples.

To use our data to estimate relative efficiencies
of pollen dissemination, we must assume that most
of the pollen deposited at Brownington Pond had
its source within the Memphremagog quadrangle.
This cannot be proved on the basis of the pollen
spectra because much of northern New England
and southern Canada has a similar flora, at least
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F16. 6. Comparison of the percentage total basal area
recorded in sample plots and the average pollen per-
centage in sediments from Brownington Pond of seventeen
species and genera.
on the generic level. However, in regions of
widely divergent vegetation, series of surface peat
and humus samples indicate that in forested
regions the majority of the pollen is contributed
by trees within a few miles of the sampling sta-
tion (Tsukada 1958). In partially forested or non-
forested regions the frequency of tree pollen trans-
ported from a “long distance” is much higher.
For example, in Norway the frequency of “long-
distance” tree pollen as opposed to “local” tree
pollen is thought to be roughly the same as the
frequency of non-arboreal pollen (Faegri and
Iversen 1950). This generalization has not yet
been tested in eastern North America, but if it
is true we may expect that 80-90% of the tree
pollen at Brownington Pond is from “local” trees,
and 10-20% has been transported from trees
growing at a ‘“distance.” Unfortunately the area
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regarded as “local” cannot be easily defined and
depends upon the relative buoyancy of each pollen
type. According to Faegri and Iversen (1950)
pollen is only occasionally transported hundreds
of miles. They believe that the natural limit of
pollen transport is 50-100 km (30-60 miles) and
that the great majority of pollen falls to the ground
long before it has traveled that distance.

Considering the uncertainty of the origin of the
pollen and the small size of the forest sample, it
is not possible on the basis of our data to rank
the trees according to their pollen dissemination
efficiency. We can only provide a rough rank-
order by observing those genera that are over-
represented in the sediments (according to our
data) and those that are underrepresented. It
should be emphasized that these relations will not
necessarily hold in other pollen spectra even though
other variables are equal, because the pollen per-
centages are relative. For example, genera that
are overrepresented here may he underrepresented
in regions where genera with high pollen produc-
tion are more abundant.

Owverrepresented pollen types—QOak pollen is
highly overrepresented in the sediments. The
frequencies are similar in all samples, suggesting
that oak pollen is readily dispersed by wind. Al-
though European species have generally been con-
sidered moderate to poor pollen producers, sev-
eral authors have noted that the pollen is readily
transported by air currents (Hesmer 1933 ; Vares-
chi 1935; Dyakowska 1936). Similar observa-
tions have been made in Japan (Tsukada 1958).
Potzger et al. (1956) found oak pollen in sur-
face samples in Quebec that were collected at
least 5 miles from the nearest stands of oak, and
Carroll (1943) observed oak pollen in moss pol-
sters collected in the Great Smokies at an eleva-
tion 1,950 ft higher than the nearest oak trees.
The relatively high frequencies of oak pollen in
samples from the Memphremagog quadrangle,
where oak trees are extremely infrequent, sug-
gest that red oak in this region is a heavy pollen
producer. Another possibility is that the high
frequencies are due to long-distance transport,
but oak is infrequent in a wide area surrounding
the quadrangle (Fig. 4). The characteristics of
pollen dissemination in other species of oak, and
in red oak in other parts of its range, should bhe
studied further.

Pine is also overrepresented. The percentage
is highest in sample #10, as was expected since
red and white pine are common along the shore
of Spectacle Pond. However, it is surprising that
there is so little difference in the pine pollen per-
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centages at this site and at Brownington Pond,
where pine is infrequent. Pollen produced by the
few pine in the area apparently is readily dispersed
and falls in an even rain over a wide area. Dya-
kowska (1936) has shown that pine pollen is
buoyant in air, and surface sample studies have
shown that it is transported over long distances
(Hesmer 1933 ; Vareschi 1935; Lidi 1937; Car-
roll 1943 ; Aario 1944 ; Potzger et al. 1956). The
high frequencies of pine pollen in comparison to
the low frequency of pine in the forest probably
indicate that red and white pine, like European
pine species (Pohl 1937), produce pollen in great
quantity.

Birch and alder are also highly overrepresented,
although the differences in per cent basal area
and per cent pollen are not so striking as in pine
and oak. Potzger et al. (1956) found in Quebec
that birch was overrepresented in pollen spectra
somewhat similar to ours.

Proportionately represented pollen types.—Pol-
len percentages of hemlock and beech slightly ex-
ceed the per cent basal area recorded for these spe-
cies, and the pollen percentages of ash, elm, spruce
and hop-hornbeam are equal to or slightly less
than their per cent hasal area. Within the limits
of accuracy of this study, all these genera or spe-
cies are about the same in their representation in
the pollen spectra as compared to their repre-
sentation in the forest.

Underrepresented pollen types—The percent-
ages of maple, arbor vitae, fir, poplar, larch and
basswood pollen all are much lower than the per
cent basal area recorded in the forest. Similar
results have been obtained by Potzger et al.
(1956) in Quebec, where arbor vitae, larch and
mountain maple were found to be poorly repre-
sented in surface pollen spectra. They also found
that although the basal area per acre of balsam
fir and spruce (mostly black spruce) was approxi-
mately equal, the ratio of fir to spruce pollen was
2:3. In the Memphremagog quadrangle the basal
area of halsam fir and spruce (mostly red and
white spruce) is again approximately equal; the
ratio of fir to spruce pollen at Brownington Pond
is in most cases about 1:4. Balsam fir appears
consistently less well represented in pollen samples
than spruce, regardless of which spruce species
are considered. Fir species may differ in pollen
production, however. In an area in the Great
Smokies where the basal area of Fraser’s fir
(Abies Fraseri) was two thirds as great as spruce
(red spruce), the pollen frequencies of fir and
spruce were approximately equal (Carroll 1943).

The percentages of arbor vitae pollen are low
(45% maximum) and vary from one sample
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to another. Arbor vitae is abundant in forests
near the shore, yet pollen percentages are lower
in sample #10 and in the shallow water samples
from Brownington Pond than they are in samples
from deeper water. Possibly arbor vitae pollen
is less resistant to decay than other pollen types
(Hesmer 1933). As the mud surface beneath
shallow water is occasionally exposed to oxidative
conditions that promote pollen degradation, the
frequencies of arbor vitae pollen in shallow water
samples may be reduced, relative to other pollen
types, by decay under oxidative conditions.

Other trec and shrub pollen types.—Pollen of
butternut, hickory and chestnut was found in low
frequencies in most surface samples, although
these genera were not observed in the sample
plots. A few butternut trees were observed along
roadsides, but hickory and chestnut were not seen
in the quadrangle and are either infrequent or ab-
sent. The efficiency of pollen dissemination in
these species should be tested in areas where they
occur in greater abundance.

Rosaceous trees, willow, black alder, hazel,
Viburnum, Ericaceae, Myricaceae and poison
sumac occurred in low frequencies in the sample
plots or were found as pollen in the sediments.
The frequencies are too low to allow an estimate
of their relative representation in the pollen spec-
tra.

Non-arboreal pollen types—It is estimated that
45% of the Memphremagog quadrangle is non-
forested. Most of the non-forested land is used
as pasture, and supports a rich growth of sedges
and grasses. Weeds are common along roadsides
and in meadows. The herbaceous flora, however,
is poorly represented as pollen in the sediments.
Percentages vary from 6% of total pollen in
samples taken near the shore of Brownington
Pond, to 16% in sample #6 from the center of
the lake. Very little herbaceous pollen, apparent-
ly, comes from the aquatic vegetation near the
shore. The pollen of shallow water rushes and
sedges in Brownington Pond either is produced in
minute quantities or its proportion in the sedi-
ments is reduced by tree pollen. The variations
in non-arboreal pollen percentages from one
sample to another are in contrast to the uniformity
of the tree pollen percentages. There are several
possible explanations: 1) During collection,
sample #6, which was collected with a Livingstone
borer, could have been mixed with older sediment
with a high NAP (non-arboreal pollen) fre-
quency. However, the mud underlying sample
#6 has heen analyzed and found to have the same
or lower NAP frequency, and statistical tests
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indicate that mixing was not complete. 2) The
frequency of NAP may have been reduced by
differential degradation, as has been suggested
in the case of arbor vitae. Lidi (1937) has sug-
gested that non-arboreal pollen is less resistant
to decay than arboreal pollen. However, this
explanation is not satisfactory because sample #10,
in which the pollen was in noticeably poor con-
dition, has a higher NAP frequency (13.6% herbs,
9.4% shrubs) than any of the samples from
Brownington Pond. 3) The proportion of NAP
in sediments near the shore has been reduced
by pollen from nearby trees. This assumption
fails to explain the high NAP percentages in
the sample taken near the shore of Spectacle Pond.
4) The patchy distribution of forests may affect
the dispersal of non-arhoreal pollen, because her-
baceous pollen is shed near the ground and dis-
persed by local air movements (Hesmer 1933)3.
The waters near the shore of Brownington Pond
may be protected by nearby forests from the local
winds that carry NAP. The effect of a forest
near the shore may be similar to the vertical
screening effect produced by forest canopies
(Dengler 1955; Potzger et al. 1956). In con-
trast, Spectacle Pond is relatively unprotected
because it is bordered on one side by a meadow.
Possibly the pollen deposited at an exposed site
such as the center of a large lake is derived from
a larger area than pollen deposited at sites pro-
tected from wind by nearby forest.

SIGNIFICANCE OF STUDY FOR INTERPRETATION OF
FossiL PoLLEN DIAGRAMS

In the comparison of the present vegetation
of the Memphremagog quadrangle with the pollen
in surface samples, little quantitative relation was
found between the frequencies of pollen types
and the frequencies of species in the vegetation.
The complexion of past vegetation cannot be de-
duced accurately from fossil pollen spectra hefore
the relations hetween the present pollen rain and
the present vegetation are better understood. An
understanding of these relations depends upon
greater knowledge of at least four variables: 1)
differences in amounts of pollen produced by dif-
ferent species, which may themselves show genet-
ic, environmental and ontogenetic variations; 2)
differences in pollen transport distances, which
vary widely because of the physical properties of
the pollen grains themselves, and are influenced by
topography, vegetation cover, and atmospheric
conditions that differ from year to year; 3) differ-

® Rowley (1955), however, found similar nuinbers of

grass pollen in pollen traps located about 800 ft apart,
one in a meadow, the other on the forest floor.
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ences in preservation and patterns of deposition
of pollen types, which may be affected both by the
properties of the different kinds of pollen as well
as by the characteristics of the collecting basins;
and 4) local variations in species distribution and
frequency of the present vegeation. Unfortu-
nately, this study can make little contribution to
solution of these problems, and can only emphasize
their existence.

Furthermore, large local variations in the for-
ests of the Memphremagog region produce es-
sentially uniform pollen spectra in the lake sedi-
ments. This uniformity suggests that estimates of
the local variations of past vegetation probably
cannot be made on the basis of pollen diagrams.
The pollen diagrams will record the contribution
of each species that grew in the region from which
the pollen came, rather than the contribution of
presumied plant communities. Species with quite
different ecological requirements will occur to-
gether in pollen spectra if the region contributing
pollen is large.

Chimatic interpretations of pollen diagrams are
based on the presence or absence of “indicator
species” and on changes in pollen frequencies.
The presence or absence of pollen has little mean-
ing, however, unless pollen dispersal character-
istics are known. Similarly, interpretation of
changes in pollen frequencies depends on knowl-
edge of the size of the region that contributes
pollen. The pollen deposited in Brownington
Pond, for example, may have come from trees
within a 5 or a 50 mile radius. Changes of pol-
len frequency in the sediments of the lake may
thus represent changes in the vegetation of an
area ranging in size from 75-7500 sq miles. In-
terpretations of such changes will remain entirely
speculative until the meanings of the terms “re-
gional vegetation” and “regional pollen rain” are
clarified by many comparative studies of the pres-
ent vegetation and the present pollen rain in North
America.

The complexity of the American flora adds
difficulties to the solution of the problems we
have outlined. Much of the data in the literature
cannot be applied to North America because con-
generic species vary in pollen production and
pollen bouyancy. Even American estimates of
pollen production, if they are based on one species
or a mixed population of species, cannot be applied
to generic pollen types. If species within a genus
show extreme variation in pollen production, it
will be difficult or impossible to interpret changes
in frequency of fossil pollen types unless species
identifications are made.
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It is our hope that this study will prompt fur-
ther research into the basic principles of pollen
analysis. Clarification of problems outlined here
will make future analyses of fossil pollen deposits
more meaningful, and will increase the value of
previous work.

SUMMARY

The vegetation of the Memphremagog quad-
rangle in northern Vermont has been surveyed in
some detail. Quantitative studies of 18 sample
plots in the vicinity of Brownington Pond indi-
cate a highly diverse forest vegetation. Pollen
was analyzed in samples of the mud bottom of
Brownington Pond and of Spectacle Pond, 15.5
miles distant. The tree pollen percentages in
all the samples were closely similar, indicating that
the tree pollen rain in the region is fairly uniform.
Variations in NAP percentages may indicate that
the non-arboreal pollen rain is not uniform because
it is distributed by local air currents. Pollen
frequencies of tree species show little quantitative
relation to the basal area percentages recorded
in the forest sample plots. On the basis of com-
parison of the basal area percentages in the sample
plots and the percentage pollen in the sediment
samples, the more common tree and shrub species
of the region have been divided into 3 groups ac-
cording to relative représentation in the pollen
sum. In order of decreasing representation, the
groups are: 1) red oak, pine (2 spp.), alder and
birch (3 spp.); 2) beech, hemlock, elm, spruce
(3 spp.), ash (2 spp.) and hop-hornbeam; and
3) maple (4 spp.), arbor vitae, balsam fir, poplar
(3 spp.), larch and basswood.

Size measurements were made of the pollen
of birch, pine and spruce and compared to the
mean size of pollen of the species that now occur
in the region. The size-frequency distribution of
yellow, white and gray birch pollen was unimodal
and skewed to the larger size classes, and the
distributions of both red and white pine pollen
and white, red and black spruce pollen were
bimodal.

ACKNOWLEDGMENTS

The authors wish to express their sincere appreciation
to E. S. Deevey, Jr. for supporting this project and aiding
in the collection of surface samples; to Milton W. Drew,
U. S. Airway Observer, for providing climatic data for
Newport, Vt.; to J. G. Ogden III for sending needed
reference slides of Quercus rubra pollen; to Heinz A.
Lowenstam, California Institute of Technology, for
providing laboratory space; and to Charles S. Denny and
John T. Hack for reading the manuscript and offering
valuable criticism. Field work for this study was sup-
ported by the National Science Foundation, research
grant number G-4802, and by the Maria Moors Cabot
Foundation for Botanical Research.



April, 1960

REFERENCES

Aario, L. 1944, Uber die pollenanalytischen Meth-
oden zur Untersuchung von Waldgrenzen. Geol.
Foren. Forhdl. 66: 337-354.

Cain, S. A. 1948. Palynological studies at Sodon Lake,
I. Size-frequency study of fossil spruce pollen. Science
108: 115-117.

Cain, S. A, and Cain, L. G. 1948. Palynological stud-
ies at Sodon Lake, II. Size-frequency studies of pine
pollen, fossil and modern. Amer. Jour. Botany 35:
585-591.

Carroll, G. 1943. The use of Bryophytic polsters and
mats in the study of recent pollen deposition. Amer.
Jour. Botany 30: 361-360.

Davis, M. B. 1958. Three pollen diagrams from cen-
tral Massachusetts. Amer. Jour. Science 256: 5340-
570.

Dengler, A. 1955. Uber den Pollenflug und seine

Ausfilterung innerhalb von Waldbestinden. Z. Forst-
genetik, Frankfurt a. M. 4, H. 4/5: 110-113.

Doll, C. G. 1951. Geology of the Memphremagog
quadrangle and the southeastern portion of the Iras-
burg quadrangle, Vermont. Vermont Geological
Survey Bull. 3: 113 pp.

Dyakowska, J. 1936. Researches on the rapidity of
the falling down of pollen of some trees. Acad.
Polonaise Sci. et Let, Cl. Sci. Math. et Nat.,, Bull.
III, B. I: 155-168.

Erdtman, G. 1943. An introduction to pollen analysis.
Waltham, Mass., Chronica Bontanica Company.

Faegri, K., and Iversen, J. 1950. Text-book of mod-
ern pollen analysis. Copenhagen, Ejnar Munks-
gaard.

Fernald, M. L. 1950. Gray’s Manual of Botany, 8th
ed. New York, American Book Company.

Frey, D. G. 1951. Pollen succession in the sediments
of Singletary Lake, North Carolina. Ecology 32:
518-533.

POLLEN SPECTRA FROM A VERMONT POND

357

Hansen, H. P. 1949. Pollen content of moss polsters

in relation to forest composition. Amer. Midl. Nat-
uralist 42: 473-479.

Hesmer, H. 1933. Die naturliche Bestockung und die
Waldentwicklung auf verschiedenartigen markischen
Standorten. Zeit. fur Forst-und Jagdwesen 65: 505-
540, 509-606, 631-651.

Leopold, E. B. 1956. Pollen size-frequency in New
England species of the genus Betula. Grana Paly-
nologica (N. S.) 1: 140-147.

Little, E. L., Jr. 1949. Important forest trees of the
United States. In Trees, Yearbook of Agriculture:
763-814. Washington, U. S. Government Printing
Office.

Livingstone, D. A. 1955. Some pollen profiles from
arctic Alaska. Ecology 36: 597-600.

Ludi, W. 1937. Die Pollensedimentation im Davoser
Hochtale. Ber. geobot. Inst. Riibel 1936: 365-470.
Munns, E. N. 1938. The distribution of important
forest trees of the United States. U. S. Dept. Agri-

culture Misc. Pub. 287.

Pohl, F. 1937. Die pollenerzeugung der Windblitler.
Beih. Bot. Centralbl. A 56: 365-470.

Potzger, J. E., Courtemanche, A., Sylvio, Br. M., and
Hueber, F. M. 1956. Pollen from moss polsters on
the mat of Lac Shaw bog, Quebec, correlated with a
forest survey. Butler Univ. Bot. Stud. 13: 24-35.

Rowley, J. R. 1955. A study of recent pollen at Lake

Itasca Biological station. Minnesota Acad. of Science
23: 50-60.

Tsukada, M. 1958. Untersuchungen iiber das verhilt-
nis zwischen dem Pollengehalt der Oberflachenproben
und der Vegetation des Hochlandes Shiga. Jour.
Inst. Polytechnics, Osaka City Univ. Series D 9:
217-234.

Vareschi, V. 1935. Pollenanlysen aus Gletschereis.
Ber. Geobot. Inst. Riibel 1934: 81-99.



	Article Contents
	p. [346]
	p. 347
	p. 348
	p. 349
	p. 350
	p. 351
	p. 352
	p. 353
	p. 354
	p. 355
	p. 356
	p. 357

	Issue Table of Contents
	Ecology, Vol. 41, No. 2 (Apr., 1960), pp. 249-407
	Front Matter [pp. ]
	Measurement of Engelmann Spruce Beetle Populations [pp. 249-252]
	The Relationship Between Several Environmental Factors and the Density of European Chafer Larvae in Permanent Pasture Sod [pp. 253-258]
	Size and Dispersion of a Louisiana Population of the Cricket Frog, Acris Gryllus [pp. 258-268]
	Small-Mammal Populations of a Maryland Woodlot, 1949-1954 [pp. 269-286]
	Metabolism of an Antarctic Fish and the Phenomenon of Cold Adaptation [pp. 287-292]
	Sporadic Mass Shoreward Migrations of Demersal Fish and Crustaceans in Mobile Bay, Alabama [pp. 292-298]
	Growth and Development in PhaLaris. I. Vernalization Response in Geographic Strains of P. Tuberosa L. [pp. 298-305]
	Differential Responses of Three Species of the Annual Grassland Type to Plant Competition and Mineral Nutrition [pp. 305-310]
	The Role of Fire in Altering the Species Composition of Forests in Rhode Island [pp. 310-316]
	A Phytosociological Study of a Small Prairie in Wisconsin [pp. 316-327]
	Winter Deer Activity in the White Cedar Swamps of Northern Wisconsin [pp. 327-333]
	Quantitative Seasonal Changes in the Phytoplankton Communities of Pymatuning Reservoir [pp. 333-340]
	Flowering Variations in Eupatorium Rugosum [pp. 340-345]
	Comparison of the Present Vegetation with Pollen-Spectra in Surface Samples from Brownington Pond, Vermont [pp. 346-357]
	Notes and Comments
	Observations on the Effect of a Burn on a Population of Sceloporus Occidentilis [pp. 358-359]
	A Cage for the Study of Growth in Sea Urchins [pp. 359-360]
	Bees, Daphnia, and Polarized Light [pp. 360-363]
	A Host-Parasite Interaction Conditioned by Predation [pp. 363-365]
	Stomach Contents of a Kit Fox [pp. 365]
	Movements and Home Range of the Gray Squirrel Sciurus Carolinensis, in Two Maryland Woodlots [pp. 365-369]
	An Estimate of Intrinsic Rate of Natural Increase in the Planarian, Dugesia Tigrina [pp. 369-372]
	A Note on Population Parameters in Cases of Complex Reproduction [pp. 372-375]
	A Note on Stationary Nets [pp. 375-376]
	Cardiac Response to Cold of Two Species of Mammalian Hibernators [pp. 377-378]
	Notes on Homing and Migratoy Behavior of Bats [pp. 378-381]
	Penetration of Fresh Water Through Two Oceanic Stream Bars [pp. 381]
	Notes on the Harvester Ant, Pogonomyrmex Barbatus Var. Molefacieus, in South Texas [pp. 381-382]
	An Occurrence of "Chimney" Construction by the Crayfish Cambarus B. Bartoni [pp. 383-384]
	Living Inclusions in the Shell of the Sea Scallop Placopecten Magellanicus [pp. 385-386]
	Transpiration Rates of Arctic and Alpine Shrubs [pp. 386-389]
	An Electric Dendrograph [pp. 389-390]
	Volcanic Ash Content of the Soil of a Festuca Viridual "Bald" on a Mountain in Northern Idaho [pp. 390-391]
	An Evaluation of Timothy Flint's Observations on the Ohio and Mississippi Valleys [pp. 391-393]
	Standing Crop of Herbaceous Vegetation in Southern Michigan [pp. 393-395]
	Experimental Germination of Seed and Establishment of Seedlings of Phragmities Communis [pp. 395]
	An Organizational Hierarchy Postulate for the Interpretation of Species-Individual Distributions, Species Entropy, Ecosystem Evolution, and the Meaning of a Species-Variety Index [pp. 395-399]

	Reviews
	Review: untitled [pp. 400]
	A Symposium on Human Ecology [pp. 400-401]
	Plant Sociology in Central Europe [pp. 401-402]
	Norwegian Mountain Vegetation and Its Ecology [pp. 402-403]
	The Forest Community [pp. 403-404]
	Experimental Plant Ecology [pp. 404-405]
	Contributions Towards the Autecology of a Plant Family [pp. 405]
	Range Management for the Animal Ecologist [pp. 406]
	The Brown Coal Formation of the Lower Rhine: Paleontological and Paleoecological Aspects [pp. 407]

	Back Matter [pp. ]



