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primarily Pinus pollen. Swiftcurrent Zone 3 (1255-
770 cal yr BP) and Swiftcurrent Zone 4 (770-75 cal yr
BP) overlap with the MWP and the LIA. See Figures
1 and 2 for specific values for each of the 20 samples
and the average AP/NAP and xeric to mesic pollen
ratios.

DISCUSSION

Swiftcurrent Zone 1 vegetation and climatic recon-
struction (5660 - 2200 cal yr BP)

Less forest cover and slightly more xeric taxa charac-
terize Zone 1 of Swiftcurrent Lake. When compared
with modern pollen rain studies from the Yellowstone
National Park region, Zone 1 represents a period of
steppe vegetation with patches of forest (Whitlock,
1993). Steppe vegetation most likely grew on the dry
slopes, while the Picea/Abies/Pinus forest cover grew
in the low, cool valley around the lake and in upper
elevations where cooler temperatures prevent the
growth of steppe vegetation.

Specifically, the Zone 1 levels of Picea engelmannii
(3.7%) and Poaceae (5%) are similar to the modern
pollen rain of steppe vegetation (Whitlock, 1993).
Lower levels of Artemisia pollen (2.6%) and higher
levels of Abies lasiocarpa pollen (6.3%) more closely
align with the Picea/Abies/Pinus forest type. This
bimodal pollen record most likely reflects the large
change in elevations from the base of the valley floor
(1488 m) to the upper reaches of the valley (2000 m).
Steppe vegetation most likely grew on the dry slopes,
while the Picea/Abies/Pinus forest cover grew in the
low, cool valley around the lake and in upper eleva-
tions where cooler temperatures prevent the growth of
steppe vegetation.

Swiftcurrent Zone 2 vegetation and climate recon-
struction (2200 - 1050 cal yr BP)

The increase in Pinus pollen and decrease of Abies
lasiocarpa, Alnus viridis, Artemisia, and Poaceae in-
dicate the initial development of forest at the expense
of steppe vegetation in Zone 2. Decreased amounts
of A. lasiocarpa, A. viridis, and P. engelmanni pollen
possibly reflect a slow and steady warming through-
out the time period. Arboreal to non-arboreal pollen

ratios increased suggesting an increase in forest cover.
The increase in the xeric to mesic pollen ratio indi-
cates decreased moisture availability. Total conifer
taxa (Pinus, Abies, and Picea) increased, which sug-
gests and expansion of a Picea/Abies/Pinus forest that
characterizes modern vegetation. The high percent-
ages of Pinus likely reflects a cool, dry forest. A.
lasiocarpa is an indicator of cool, moist climate, and
thus the decrease in Abies alongside the increase in
the xeric to mesic ratio suggests a drier climate. The
persistence of high P. engelmannii indicates that the
climate was not warming, as Picea grows in colder
conditions.

Two potential explanations exist for the change in
pollen abundance, specifically the increase in Pinus,
the maintainance of high P. enge/mannii, and the
decrease in 4. lasiocarpa. The transition from steppe
to a developing forest may be the result of a decrease
in available moisture. However, as the abundance of
P. engelmannii did not change and it is characteristic
of cold and moister conditions, this does not fully
explain the change in vegetation. Alternatively, the
increase of Pinus and the decrease in Abies lasiocarpa
could be argued as an indication of changing season-
ality. Pinus contorta and P. flexilis are suited for a
variety of growing seasons, but generally dominate

in longer summers. Both 4. lasiocarpa and P. engel-
mannii require long, cold winters and short, cool sum-
mers to germinate and grow (Uchytil, 1991a, 1991b).
If the summer season became either warmer or wetter
in the valley, then both Picea and Abies would be
affected. Because the abundance of Picea did not
change, the argument for a warmer summer does not
hold, but a wetter summer could explain the decrease
in Abies. The average January and July precipitation
for P. engelmannii are 24 mm and 200 mm respec-
tively, while the mean values for 4. lasiocarpa are
125 mm and 75 mm respectively. However, the in-
crease in the xeric to mesic pollen ratio indicates that
total moisture availability decreased. If the summers
between 2200 and 1255 cal yr BP became slightly
wetter and the winters drier, then 4. lasiocarpa would
decrease in abundance. The lack of change in the
abundance of 4. engelmanni may indicate the rate at
which Pinus replaced the 4. lasiocarpa to become the
dominant species in the lower parts of the valley.
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Swiftcurrent Zone 3 vegetation and climate recon-
struction (1050 - 565 cal yr BP)

The decrease in the AP/NAP ratio (11.8 to 11.1) in-
dicates a slight contraction of the forest cover and an
increase in steppe vegetation during this period. The
average percentage of 4. lasiocarpa and P. engel-
mannii increased relative to Pinus. This most likely
represents the fluctuation of the modern Picea/Abies/
Pinus forest and steppe vegetation of the lowest part
of the valley. Alnus viridis decreased <1% compared
to Zone 2, and thus does not significantly affect the
interpretation of climate. While the averages of 4.
lasiocarpa and P. engelmannii pollen increased, it is
telling to examine each of the taxa through Zone 3.
At the beginning of Zone 3, A. lasiocarpa abundance
is at a high value (11%), and decreases steadily to a
minimum value (5.2%) in the youngest sample of this
zone. P engelmannii abundance fluctuates between
2.2% and 4.8% in the first part of Zone 3, and then
increases to the highest value of any of the Picea
samples (9.8%). The abundance of 4. viridis de-
creases (7.4% to 4.9%) through the first part of Zone
3, only to return to the original abundance (7.3%)

in the shallowest sample. The xeric to mesic pol-

len ratio decreased from that of Zone 2, indicating a
moister climate. Combined, the data indicate warm-
ing environmental conditions throughout Zone 2. The
final years of Zone 3 (880 — 770 cal yr BP) likely
experienced slightly colder winters and wet summers,
indicated by the increase in both A. viridis and P.
engelmannii pollen.

Zone 3 (1050 - 565 cal yr BP) closely corresponds
with time period of the MWP (1200 — 700 cal yr BP).
The decreasing abundances of 4. lasiocarpa and A.
viridis and the low abundance of P. engelmannii in
the first three samples of Zone 3 indicate a warming
climate. The minimum abundance of 4. lasiocarpa
and the increase of 4. viridis and A. engelmannii in
the final sample of Zone 3 may indicate an increase in
summer precipitation, similar to that of Zone 2. The
middle of Zone 3 (ca. 1075 cal yr BP) was likely the
driest and warmest of the period, indicated by a low
abundance of 4. lasiocarpa, the minimum abundance
of both P. engelmannii and A. viridis, and the maxi-
mum value of Pinus within Zone 3. Additionally, the
xeric to mesic pollen ratio was significantly different

than the other samples (6.1 compared to 3.5, 3.8, and
3.9). At Swiftcurrent, the MWP was probably one of
gradual warming, peaking ca. 950 - 750 cal yr BP, and
increased summer precipitation.

Swiftcurrent Zone 4 vegetation and climate history
(565 cal yr BP - present).

The increase in 4. lasiocarpa and P. engelmannii in
Zone 4 reflect the final establishment of the Picea/
Abies/Pinus forest that is characteristic of the mod-
ern Glacier National Park region. The levels of 4.
lasiocarpa and P. engelmanni are steadier throughout
the time period, with the exception in a small peak at
the depth of 41.5 cm (ca. 600 cal yr BP). Artemisia
and Poaceae abundances are more even during this
interval than in previous zones, indicating established
steppe and forest regions. Zone 4 was likely one of
cool and moist conditions as indicated by the increase
of Abies and Picea. This time period directly over-
laps with the interval of the LIA. The summers were
likely cool and short with less precipitation than sum-
mers during Zones 2 and 3, which is consistent with
the findings of other studies in the Northern Rocky
Mountains (e.g., Power et al., 2000).

CONCLUSIONS

The vegetation record of Swiftcurrent Lake reflects
changes in environmental conditions during past 6000
years. Evidence from pollen indicates that the effects
of the Medieval Warm Period and the Little Ice Age
were present in eastern Glacier National Park. During
the MWP, Pinus and more xeric vegetation dominated
the forest. The mesic and steppe vegetation increased
to pre-MWP levels during the LIA. Pollen and char-
coal studies of other lakes in the East Glacier National
Park should be conducted to verify the regional extent
of vegetation changes.
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