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ABSTRACT

A study of pollen grain concentration in surface
snow and ice cores at 15 sites in the Canadian high
Arctic and one site near the tree line, together with
published pollen deposition rates south of the tree line
has shown long-range dispersal of pollen from the boreal
forest to the limits of our area on the Arctic Ocean
close to Svalbard and the North Pole. There are no
discernible trends of deposition rates within the high
Arctic which suggests extremely long trajectories with
strong zonal components; some of the pollen may have
an Eurasian source. We relate the trajectories to synoptic
patterns in the mid- and high Arctic.

INTRODUCTION

Pollen grains vary in size between approximately
10 and 150 pm. Wind-pollinated plants can produce
millions of pollen grains each year. However, most of
the pollen grains injected into the air will fall close to
their source and only a few, termed the ‘"escape
fraction" (Gregory 1978), will be carried long distances.
It is the "escape fraction", of about 10% (Gregory 1978),
with which this paper is concerned.

Throughout the text we use the term "exotic" to
denote pollen types that originate outside the high
Arctic (in this case the Queen Elizabeth Islands and the
Arctic Ocean to their north); this includes all arboreal
pollen types except Salix. With respect to sites on the
ice caps, none of the pollen grains or spores can be
local so we use the term "regional" to refer to any
pollen types that may originate within the high Arctic.

PREVIOUS WORK

Palynological work in the high Arctic has been
almost entirely restricted to ice-free areas. Apart from
work based on analyses of our cores and surface snow
samples, the only glacier-based work of which we are
aware is that of Fredskild and Wagner (1974) on cores
from Camp Century and Dye 3 in Greenland (Fig.l: sites
B and C), Kalugina and others (1979) from filtered air
samples over Vavilov ice cap (Fig.l: site A) and Short
and Holdsworth (personal communication) from shallow
cores on Penny Ice Cap (Fig.l: site F). Fredskild and
Wagner studied very small samples (<1 1) which
produced very few pollen grains. The statistical validity
of their work is questionable. The work of Kalugina
and others suffers from the same problems. However,
both groups found pollen that must have originated
south of the tree line in their samples.

Snow samples collected from Devon Island ice cap
(Fig.1: site D) by the Polar Continental Shelf Project
(PCSP) in 1973 were studied by Lichti-Federovich (1974),
who found that there were seasonal differences in the
rates of pollen deposition such that exotic arboreal
pollen predominated in the winter and pollen of tundra

origin predominated in snow deposited in the fall.
Summer snow layers showed a scarcity of pollen.
LichtiFederovich (1975[b]) then studied a suite of

surface snow samples collected by the PCSP from several
ice caps. These samples also contained pollen exotic to
the high Arctic, but the total numbers were too small to
allow a proper statistical analysis.
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While Lichti-Federovich (1975[a]) made an
important pilot study of some ice cores from the Devon
Island ice cap, McAndrews (1984) has made the most
thorough palynological study to date of a continuous
surface-to-bedrock core. His work, which analyses
significant changes in the pollen concentration of the
core with depth, shows the relevance of palynology to
icecore studies.

Our knowledge of the present-day deposition of
pollen into the Arctic generally is largely due to the
work of Ritchie and Lichti-Federovich (1967), although
only one of their stations was in the high Arctic. They
set out open Petri dish samplers at 29 sites across
Canada between Moosonee (lat 51° 17'N, long 80°24'W),
south of the tree line, and Resolute Bay (Fig.l: site E)
at the southern edge of the high Arctic. In addition,

they collected pollen grains and spores in a Hirst
autom'atic volumetrif: spore trap at Churchill (lat
57°46 N, long 94°10'W). They found that about 50% of
the pollen types in the high and mid-Arctic were exotic
arboreal types. Therefore, the spectra there do not
accurately represent the nature of the regional
vegetation.

More recently, Elliott-Fisk and others (1982)

conducted a study of pollen rain in the eastern and
mid-Arctic, using moss polsters and lichens as the pollen
collector.  They constructed isopoll and pollen
concentration maps for the 39 sites but did not calculate
pollen deposition rates.

METHODS
1. Field method

Because earlier work by Lichti-Federovich (1974)
on Devon Island ice cap had indicated rates of pollen
deposition as low as 7 grains m™? a’! sample volumes
must be between 50 and 200 1 of water. This means the
collection of up to 0.6 m* of snow/firn at each site,

We collected snow from two types of site. The
first, and preferable, one was from the tops of the
larger ice caps of the Queen Elizabeth Islands (Fig.l and
Table I). A corer was used at these sites to take 76 mm
diameter cores representing several years of
accumulation. The snow accumulation rate at each site is
known from earlier work (Koerner 1979). Therefore, the
length of cores needed to give multi-year samples can be
calculated. Cores were drilled at level sites, distant from
nunataks. The cores, together with all the ice chips, were
transferred directly from the core barrel to large, clear
plastic bags. Several bags of cores were collected at each
site and transported, in a frozen condition, back to
Resolute Bay by Twin Otter aircraft. Cores from Agassiz
Ice Cap (Fig.l: site 7) were processed at the site.

The second type of site lies in areas where only
the current surface snow layer can be sampled. These
sites are in the western high Arctic, on the floating ice
of the Arctic Ocean, and in northern Greenland (Figure
1 and Table I). At these sites the snow generally melts
completely in summer. The snow layer represents the
period from the end of melting in the fall to the time
of sampling which, in most cases, is the following May.
These samples were collected by transferring snow from
pits to clean plastic bags with a clean shovel. Care was
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Fig.l. Location map. The numbers correspond to the pollen sampling sites and are explained in

Table I. Shaded areas represent ice caps. The

letters in the inset map refer to locations

mentioned in the text: A Vavilov ice cap (Novaya Zemlya), B Camp Century, C Dye-3, D Devon
Island ice cap, E Resolute Bay, F Penny Ice Cap. The hatched line represents the approximate

northern limit of trees.

taken to make the pit walls vertical to avoid seasonal
bias.

Clean metal pots were used to melt the samples
over a propane stove. A known number of Lycopodium
spores were injected into the melted sample before
filtering. These spores are counted along with the
filtered pollen in the final microscope procedure and
allow calculation of pollen grain loss during sample
preparation. 47 mm cellulose nitrate filters with a pore
size of 8 pm were used to filter the meltwater. These
filters allow most of the siliceous microparticles to pass
through while retaining all the pollen grains and
spores.

Procedural blanks were made by exposing filtered
water to the air throughout the filtering procedure.
These blanks were later processed and showed that air
from the field laboratory contributed less than 1% of
the total pollen counted.

11
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2. Laboratory method

Because of the very low concentrations of pollen
in our samples, we found the traditional methods (Faegri
and Iverson 1975) of sample preparation, which includes
decanting a centrifuged sample, unsatisfactory. To
minimise loss of pollen during sample preparation a new
method was developed for wuse in our laboratory in
Ottawa.

The sample filter from the field is left in
hydrofluoric acid overnight to dissolve any remaining
siliceous microparticles. An infrared lamp is sometimes
used to speed up the procedure. The mixture is then
passed through a Nuclepore filter which retains all the
pollen grains on its surface rather than within a fibre
matrix as with many other filter types. An acetolysis
procedure (9 parts acetic anhydride, 1 part sulphuric
acid) is then used to stain the pollen grains and dissolve
the cellulose nitrate filter. The Nuclepore filter is cut in
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TABLE 1. POLLEN SUM SAMPLE VOLUMES, NUMBER OF YEARS REPRESENTED BY
SAMPLES AND ACCUMULATION RATES AT EACH SITE

Pollen Volume Number of Accumulation rate
Site number and name sum (1) years (kg m™? a1}
1* Nord 430 88.8 <l 150
2*  White Dwarf 287 794 <l 200
3* Transglobe 258 208 <l 150
4* CESAR 1055 713 <l 150
5 Mount Oxford (a) 80 155.1 approx. 15 160
5 Mount Oxford (b) 268 77.8 approx. 15 160
6 "Otto Ice Cap" 728 73.8 approx. 12 200
7  Agassiz Ice Cap (North) 540 77.8 approx. 12 175
8  Apgassiz Ice Cap (South) 440 110.9 approx. 8 327
9  Prince of Wales Ice Cap 450 81.8 approx. 8 320
10 Sydkap Ice Cap 387 70.1 3 335
11  Miller Ice Cap 879 62.5 approx. 15 157
12* Meighen Ice Cap 371 40.9 <l 187
13* Melville Island 872 432 <l 174
"South Ice Cap"
14 Bylot Island Ice Cap 291 31.8 3 220
15* Torngat Mountains 216 11 1 700

* Samples collected by other groups, listed in acknowledgements.

TABLE II. LIST OF TAXA, TOTALS AND CONCENTRATIONS PER LITRE FOR EACH SITE

5 % s B Z wn oy S e g 2=, =
S % % T ¥ . f §s.f i 358z 8
- - a o o =] @ @ co =3 CE R = &
- .— < [75] T — frerg < [ . E - z E (=n m [_.
z B & B 6 &6 @ <« € g8~ E
o —_ (o] [ag] - wy
= oM B - w N o ~ 0 o By i e
Pinus (pine) 52 3 X 8 12 34 §% K89 31 65 18 56 D 14 37 W3
Picea (spruce) 6 3 4 3 2 1 5 7 4 6§ 2 = 9 35 1 46
Betula (birch) 29 101 30 31 5 30 58 44 47 45 45 259 13 20 30 14
Alnus (alder) 11 8 6 31 - 12 43 47 41 21 3% 113 & 13 6 19
Other trees (-Salix) 17 21 7 15 6 4 17 16 28 6 20 2 12 6 10
Ambrosia (ragweed) - 4 11 36 A 1 45 17 24 37 11 16 3 1] 7 6
Artemisia (sage) - 7 T I8 2 3 5 1 I3 35 5 - 14 6 2
Exotic T 115 149 116 423* 35 85 228 194 176 205 125 469 43 89 86 140
Concentration
per litre 1.3 1.9 56 59 02 L2 3l 258 k6 25 1.8 7o 1.1 23 2iF 1261
Salix (willow) 6 7 19 53 3 38 108 100 27 - 16 36 6 25 - 2
Ericaceae 6 5 2 - - 3 4 5 4 6 14 6 1 3 B 5
Gramineae 11 15 19 185 2 43 123 62 31 38 41 63 70175 14 3
Cyperaceae 6 = 23 26 6 21 41 20 17 I3 9 43 ¥ 10 10 2
Saxifragaceae 11 5 i 8 - 8 24 26 6 4 13 9 F 20 - 1
Oxyria (sorrel) 6 15 13 7 2 11 43 25 19 3 11 17 7 6 1 -
Other herbs 12 27 21 52 13 16 49 40 44 33 23 47 3 56 12 4
Pteridophyta 22 6 8 24 3 9 6 & J I5 {01 23 0. 3% a3
Regional ¢ 80 80 112 355 29 149 398 284 151 122 137 232 142 335 63 40
Concentration
per litre 09 10 53 50 02 20 34 37 14 15 20 37 35 78 20 360
Sphagnum - 4 - 198 2 ¥ 23 16 59 56 63 133 IS8 399 119 26
Unknown 17 11 4 30 3 3 200 9 14 1l 21 1 e B3 6 5
Indeterminate 218 43 21 49 11 24 59 39 40 55 41 34 20 36 17 S
Total ¢ 430 287 253 1055 80 268 728 540 440 450 387 879 371 872 291 216
Litres 888 794 208 713 155.1 73.8 73.8 77.81109 81.8 70.1 62.5 409 432 318 1.1
Concentration
per litre 48 36 122 148 05 36 99 69 40 55 55 14.1 9.1 202 92 1946

*65 Chenopodiaceae are also listed in the "exotic" sum at this site.
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TABLE IIl. POLLEN DEPOSITION RATES IN m™? a’l
a5
o ] — o~ Z 17 T = -
g 3 : £ § 5 - B g 4B g
» M B E . 4 @ 8g X = %23 3 =
- 2 © =] (=] 2 wv @ o =) ] L] s o
5 2 8 @ % ¥ § & i 4 2 AP A -
4 = = &) = L i o
- «~ o - % wn =} ~ © o - o =
Pinus 88 13 367 179 19 74 149 155 91 254 86 141 46 56 208 27,364
Picea 10 8 29 6 2 2 14 16 12 23 10 - 41 20 7 2927713
Betula 50 254 216 65 5 65 157 90 139 175 215 651 59 &4 208 8,909
Alnus 19 20 43 65 - 26 116 106 121 82 182 284 27 52 42 12,091
Other trees
(-Salix) 29 51 50 33 5 ) 49 20 44 109 29 50 8 56 42 6,364
Ambrosia - 10 79 76 2 2 122 38 ] 145 53 40 14 44 48 3,818
Artemisia - 18 50 330 2 3 14 2 38 12 24 13 = 56 42 1.273
Total exotic 194 373 835 890* 35 184 620 436 516 802 598 1178 196 366 596 88,368
Salix 10 . 18 137 112 3 82 293 225 80 - 76 90 27 101 - 1,273
Ericaceae 10 13 14 - - 7 11 11 12 23 67 15 s B2 a1 3,182
Gramineae 19 38 137 389 2 93 333 139 91 149 196 158 320 705 97 1,909
Cyperaceae 10 - 166 55 6 4§ 111 45 50 51 43 108 69 40 69 1.273
Saxifragaceae 19 13 50 17 - 17 65 58 18 16 62 23 32 8l - 636
Oxyria 10 38 94 15 2 24 117 56 57 12 53 43 32 24 7 -
Other herbs 20 68 151 109 13 35 133 90 130 129 110 118 59 226 83 2,545
Pteridophyta 37 15 58 50 3 20 16 13 9 98 48 28 105 161 159 14,636
Total 135 202 806 741 30 323 1078 641 445 475 653 583 647 1357 436 25,248
regional
Sphagnum - 10 - 417 2 15 62 36 174 219 301 334 722 1607 823 16.545
Unknown 29 28 29 63 3 7 54 16 41 43 100 28 32 52 42 3,182
Indeterminate 368 108 151 103 1 52 160 88 118 219 196 85 96 145 118 3,182
Total pollen .
and spores 726 721 1821 2220 83 581 1973 1215 1297 1760 1849 2208 1696 3512 2013 137,455

*137 Chenopodiaceae are included in "total exotic" at this site.

Note:
shown in the Table.

two for mounting. A few drops of glycerine are added
to the mounted filter which is then covered with a 220
X 600 mm cover glass.

All laboratory procedures are carried out in a
Class-100 clean-air cabinet. Vacuum-drawn samples taken
at various times in the laboratory, away from the
aircleaning facilities, showed the laboratory air to be
pollen-free.

RESULTS

We should emphasize that the data for all but one
site consist of from 200 to over 1000 pollen grains per
site (Table I). The one exception (Fig.l: site 5) is
represented by 80 grains. However, a second core was
taken, 1 km from the original site and yielded over 200
grains (Tables 1 and II, Figs. 2(a) and (b)).

Our method generates data in terms of pollen
grain/spore concentrations per litre of melted sample.
These values are converted to deposition rates in grains
m 2 a’! by multiplying the concentration values by the
accumulation rate (kg m™2
The various deposition rates are listed in Table III. The
regional and exotic pollen totals for each site are shown
in Figures 2(a) and (b). The average total pollen-grain
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a"!) at each site (Table I).

totals may not equal the sum of individual pollen types due to rounding off the individual values

deposition rate for the high Arctic (which includes
exotic, regional, unknown and indeterminate grains and
Sphagnum spores) is 16x10% grains m™® a"l, The average
for exotic pollen is 05x10% grains m™? a! and for
regional pollen grains is 0.6x10% grains m™? a°1,

To extend the discussion to include areas south of
the tree line, values from table IV of Ritchie and
Lichti-Federovich (1967) have been taken for pollen
types exotic to the high Arctic (see our Table II) and
expressed in terms of annual deposition rates. The most
striking feature of the exotic pollen distribution is the
steep concentration gradient between the northern edge
of the pollen source and the deposition site. There is a
drop from 8.5x10% grains m™? a"! at the tree line in
northern Ungava (mean value for Great Whale River,
Fort Chimo and Knob Lake) to our value of 8.8x10*
grains m'? a"! in the glacierized parts of the Torngat
Mountains (Fig.l: site 15 and Fig.2(a)) just tens of
kilometres beyond the tree line. Deposition rates then
drop two orders of magnitude between the Torngats and
the southern part of the high Arctic. In the western
Arctic, over a much shorter distance (Fig.l), the drop
between the tree line and the southern high Arctic is
from deposition rates of 3.1x10°® grains m % a! (mean
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Fig.2. Exotic (a) and regional (b) pollen deposition
rates. The values between the North Pole and northern
Ellesmere Island (835) are the means of several
samples collected by the British Transglobe Expedition
between those two locations.

value for Inuvik, Coppermine and Ennadai Lake) to
04x10* grains m™? a! on southern Melville Island (Fig.1:
site 13 and Fig2(a)). In the region north of, and
including, the Bylot and Melville island sites (Fig.l: sites
13 and 14 and Fig. 2(a)) and on the adjacent Arctic
Ocean there is no further significant decrease in pollen
deposition rates.

There are some anomalously high and low
concentrations of individual species at certain sites. The
furthest north site on land, Mount Oxford (Fig.l: site 5
and Fig.2(a)), shows the lowest pollen concentrations of
all sites regardless of species. There is a very high
concentration of Ariemisia and, although not listed,
Chenopodiaceae, on one Arctic Ocean site (Fig.l: site 4
and Fig.2(a)). There are similarly high concentrations of
Betula and, to a lesser extent, Alnus on Miller Ice Cap
(Fig.l: site 11 and Fig.2(a)). Finally, we draw attention
to the concentrations of Pinus compared to Picea; both
have similar source areas. In northern Ungava, where
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TABLE IV. EXOTIC POLLEN CONCENTRATIONS
IN SNOW, DEVON ISLAND ICE CAP, MAY 1973

Concentration Depth in snowpack
x 107% kg™) (m)
138* 0 -0.1
135 0.1 -02
74 02 =03
45 03 -04
35 04 -05
- T 05 - 0.6

*  April-May 1973 snow layer.
**  summer 1972 layer, slight melting.

the Picea and Pinus tree lines are most widely separated,
Picea pollen exceeds Pinus pollen by 50:1 (Ritchie and
Lichti-Federovich 1967). However, only a short distance
to the north the ratio approaches 1:1 even at the Picea
tree line in some cases (Ritchie and Lichti-Federovich
1967). In the high Arctic, Pinus pollen dominates Picea
pollen by about 10:1, It would appear from this data
that wusing the Picea : Pinus ratio to determine the
source region could be misleading.

DISCUSSION

The values shown in Tables Il and IIT and Figures
2(a) and (b) include three basic types of variability:
annual, regional and local.

Annual variability complicates comparisons between
sites represented by surface snow samples as these are
accumulations of slightly less than one year and not all
of the samples were taken in the same yvear. Thus the
high concentration of Artemisia at site 4 on the Arctic
Ocean (Fig.l and Table III) may be an example of
annual noise. Core sites represent several years of
accumulation so that annual variability is substantially
reduced in them. Hence we cannot explain the high
concentration of Betula and, to a lesser extent, A/nus on
Miiller Ice Cap (Fig.l: site 11 and Table III) in terms of
annual variability. In fact at present we have no
satisfactory explanation for such high concentrations.

Regional variability may be due either to
topographic differences between sites or to differences
of site location with respect to general air circulation.
The very low pollen deposition rate at one of the Mount
Oxford sites (Fig.l: site 5 and Fig.2) is a good example
of the topographic ~effect. The snow at a similar
ridge-top site on Agassiz Ice Cap (Fig.1: site 7) has
already been shown to have anomalously high oxygen
isotope values due to scouring of the winter snow layer
(Fisher and others 1983). We will explain later that it is
this layer that probably contains most of the pollen, so
we may be seeing a similar scouring effect on Mount
Oxford. A second set of core samples downslope of the
original set has in fact shown significantly higher pollen
concentrations.

Local variability applies within areas less than 1
km apart and is due to variations in the way that snow
and pollen accumulate and move in response to each
individual storm. We have no measure of such local
variability yet but do not believe it is large enough to
disturb the orders-of-magnitude wvariations in rates of
pollen deposition that we discuss in this paper.

REGIONAL DISTRIBUTION OF POLLEN

The process of production, transport and
incorporation of pollen into snow deposits in the high
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(c)

(d)

Fig.3. (a) Summer (July) mean surface pressure (kPa) 1949-1978 (T Jakobssen personal communication).

Arrow indicates generalized direction of flow.

(b) Summer (July) mean 50 kPa height contours

(m x 10), 1949-1978 (T Jakobssen personal

communication). Arrow indicates generalized direction of flow.

(¢) Winter (January) surface mean pressure (kPa) composite from various sources (from Prik, after
Orvig 1970). Arrow indicates generalized direction of flow.

(d) Winter (January) mean 50 kPa height contours (m x 10) schematic composite (from Prik, after
Orvig 1970). Arrow indicates generalized direction of flow.

Arctic is a complicated one, especially in the case of
exotic species. However, we have ample evidence for
straight-line transport distances of at least 3000 km (eg.
for pollen from southern Canada such as Ambrosia). In
general, the distances are of the order of 1000 to 2500
km. The actual transport distances must be considerably
longer; otherwise we would see gradients of deposition
rates within the high Arctic region and we do not (Figs.
2(a) and (b)).

Exotic pollen

The steep exponential decrease in deposition rates
of exotic pollen between the North American tree line
and the high Arctic warrants discussion. This decay
pattern is not a simple south-north one (i.e. meridional)
and does not reflect direct northward transport of
aerosols.

The steepest decrease in deposition rates of exotic
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pollen is between the tree line and the western high
Arctic sites (Fig.l: site 13). This gradient may be
explained by examining the mean atmospheric circulation
conditions shown in Figures 3(a), (b), (¢) and (d). In
both the summer and the winter, at the surface and at
upper levels, the mean flow into the Melville Island
region is from the north-west sector. The north-westerly
flow dominates the Arctic islands as far south and east
as Bylot Island (Fig.l: site 14) which has pollen
deposition rates similar to the other high Arctic sites in
the west. Thus we see why the mean flow at all levels
in the troposphere does not support direct transport of
pollen into the high Arctic from the treedine sources
directly to the south.

While some pollen grains have a diameter as large
as 100 pm, their structure and shape makes them
extremely buoyant. Thus when discussing transport of
pollen grains, particularly in the low concentrations
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Fig4. Mean July 70 kPa height contours (m x 10)
(after Maxwell 1980). Arrow indicates flow into the
Bylot Island area.

measured in the high Arctic, it is necessary to consider
atmospheric levels up to at least 50 kPa (about 6000 m).
For example, Holdsworth (personal communication) has
found pollen in cores collected from the 5400 m level
on Mount Logan in Yukon Territory. It is also necessary
to consider the unique nature of the circulation within
the cold<ore westerly circumpolar vortex which
dominates the Canadian high Arctic (Maxwell 1980). We
may explain the sustained pollen deposition rates over
the central Arctic Ocean in terms of the characteristics
of the mean high Arctic circulation (Alt 1985) as
follows. Pollen can be carried by, and washed out of,
non-frontal lows which extend from the surface to 50
kPa and move slowly across the central Arctic Ocean
(Fig.5). In addition to wash out in non-frontal lows,
large-scale subsidence in conditions of shallow surface
anticyclonic circulation, shown in Figures 3(a) and (c),
encourages dry fallout of pollen brought in at quite
high levels of the atmosphere. The intrusion of
mid-atitude frontal storms into the domain of the
circumpolar vortex is an important feature of the high
Arctic synoptic regime which is not represented by the
mean pressure patterns discussed here. They may play a
significant part in the transport of pollen and other
aerosols and require further study.

Fig.5. Examples of storm tracks into the Canadian high
Arctic  (Maxwell personal  communication) from
reanalyzed charts for July 1964. Dots represent the

position of a surface low every 12 h beginning 1200
GMT, 25 July 1964.
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Regional pollen

The deposition rates of regional pollen types for
each site are listed in Table III. Proximity to nearby
tundra sources may explain the high regional rates of
pollen deposition on the Melville Island ice cap site
(Fig.l: site 13 and Fig2(b)). However, quite high
deposition rates over the Arctic Ocean (Fig.2 (a) and (b))
suggest that even these regionally produced pollen types
can be widely dispersed.

SEASONAL DISTRIBUTION OF EXOTIC POLLEN

While we have variations of pollen deposition rates
regionally due to the nature of atmospheric circulation,
we also see variations in the pollen concentrations of
snow layers at any one site from season to season., If we
recalculate the snow-pit data from the Devon Island ice
cap in table I of Lichti-Federovich (1974) in terms of
pollen concentrations in the snow we find that the
concentration of exotic pollen increases as winter
progresses (Table I1V). The layer at the bottom of the pit
profile shows evidence of melting; it therefore represents
the warmest period of the 1972 summer, yet it contains
almost no exotic arboreal pollen. Most high Arctic
profiles, whether of soluble or insoluble materials in the
snow, show similar seasonal variations. Low autumn
values increase through winter to a spring peak and
then drop back to low summer values (Koerner and
Fisher 1982). We will consider three mechanisms that
contribute to such a seasonal wvariation of pollen
concentrations in a high Arctic snowpack.

The first mechanism relates to seasonal movement
of the Arctic Front which is often considered to form a
barrier to meridional transport (Bryson 1966).
McAndrews (1984) attributes the almost complete
dominance of pollen from Arctic plants in Arctic air
masses in summer (the season of major arboreal pollen
productivity) to the presence of the Arctic Front along
the tree line in that season prohibiting the northward
transport of arboreal pollen. Rahn and McCaffrey (1980)
have explained relatively high concentrations of
anthropogenic aerosols in winter at Barrow, Alaska as
due to movement southwards of the Arctic Front in
winter. This movement extends the source area beyond
the tree line and, in the case of pollutants, far enough
south to incorporate large industrial sources of pollution.
While winter is not a season of pollen production,
Janzon (1981), working in Stockholm, has shown that
pollen is available for re-entrainment within the source
region during this season. However, southward movement
of the Arctic Front, while it may expand the source
area, does not necessarily make that area more accessible
to the high Arctic.

A second, and very important, effect on pollen
concentration in the snow, is seasonal wvariations of
synoptic weather patterns in the Arctic (Figs.3 and 4).
For example, the summer circulation pattern shown in
Figure 4 does not support pollen influx to the high
Arctic at a time when pollen production south of the
tree line is at a maximum. In fact there is a very low
pollen concentration in the summer snow layer on the
Devon Island ice cap (Table IV) indicating conditions of
exotic pollen drought in summer in the high Arctic,

Finally, there is the effect of seasonal variations
in the rate of precipitation both over the site and
between the pollen source and deposition site. Snow
stratigraphy studies (Koerner 1966) have shown that the
winter snow accumulation rate on Devon Island ice cap
is only about 1 or 2 mm d™! compared to 3 to 10 mm
d! in autumn and summer. Records from permanent
weather stations show that such a seasonal precipitation
distribution is quite typical of the Arctic. Because
wash-out is probably an important mechanism of pollen
removal from the atmosphere (Schmidt 1973), more
pollen is washed out en route between source and site
during the seasons with higher precipitation. That is,
autumn and summer snow layers have low concentrations
of exotic pollen because less exotic pollen reaches the
high Arctic during those seasons.

Pollen concentration in the snow must also be
related to the precipitation rate at the site. In this case
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heavy snowfall dilutes the pollen concentration in the
accumulating snowpack to reduce even further the
depleted concentrations of pollen in snow layers
deposited in the warmer months.

CONCLUSIONS

While our work on the present-day distribution of
pollen deposition rates is far from complete, it has so
far been possible to show that there is a steep
exponential decay of pollen deposition rates north of‘ the
tree line and an absence of deposition rate gradients
within the circumpolar vortex which covers the Arctic
islands and most of the central part of the Arctic
Ocean. We do not see pollen transport in the atmosphere
as a simple meridional feature (cf. Barry and others
1981).

The absence of any detectable trend in pollen
deposition rates within the Arctic islands extends onto
the sea ice of the Arctic Ocean, possibly as far as and
beyond the North Pole, but certainly across the north
coast of Greenland up to our furthest sampling point
close to Svalbard (Fig.l: site 2). The extent of this
apparently trendless region coupled with the
characteristics of the general circulation may mean that
some of the pollen entering the Arctic islands may have
an Eurasian source. The flatness of the distribution
suggests long trajectories and complete mixing of pollen
from different source areas.

Although exotic pollen deposition rates are as low
as 0.5x10% grains m % a~l, further study of the regional
distribution of these rates and assemblages should lead
to a better understanding of air mass circulation and
dispersion of aerosols in the high Arctic,
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