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INTRODUCTION

This is one of a series of studies on
post-Pleistocene vegetation history and
general climatic trends in the Pacific
Northwest. The forest succession is in-
terpreted from pollen profiles of peat bogs
and lake sediments. Bogs are common in
some parts of this region, whereas in oth-
ers they are few and widely scattered.
Peat profiles from many of the vegetation
and climatic provinces of this vast region
have been analyzed, and it is hoped that
one or more profiles may be obtained from
each plant association. In some cases it
has been possible to obtain only a single
peat profile from an extensive association.
The pollen profiles of one bog may not
portray adequately the vegetation history
of an entire association, but the correla-
tion of profiles from several should tend
to substantiate or refute the evidence of-
fered by a single bog. Pollen profiles of
most bogs thus far studied show a fair
degree of correlation, with the exception
of those located in areas where a pumice
mantle has been the major control of
forest succession. The vegetation history
has been interpreted from the pollen pro-
files of bogs located in the following asso-
ciations: The hemlock-cedar of the Puget
Lowland and southwestern British Co-
lumbia, the spruce-hemlock of the Olympic
Peninsula and Oregon coast, the larch-
pine of central, north central, and north-
eastern Washington, the hemlock-cedar-
lowland white fir of northern Idaho, the
pine-Douglas fir on the eastern slope of

1 Published with the approval of the Mono-
graphs Publication Committee, Oregon State
College, as Research paper No. 71, School of
Science, Department of Botany. The expenses
of this project were defrayed by a grant-in-aid
from the General Research Council, Oregon
State College.
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the Oregon Cascades, and the pine-
hemlock about Crater ILake, Oregon.
Bogs located in the Willamette Valley of
western Oregon and the sagebrush areas
of eastern Washington and the northern
Great Basin of southern Oregon have also
been analyzed. The bog of this study is
of especial interest because of its high
elevation. To the author’s knowledge it
has the greatest altitude of any bog
analyzed.

In alpine and subalpine lakes of the
Pacific Northwest, hydrarch succession
has rarely progressed to a stage of suf-
ficient organic sedimentation to warrant
pollen analyses. It seems probable that
the short growing season, the severe win-
ters, and the low water temperature are
the chief reasons for the comparative ab-
sence of peat. Another consideration is
the youthfulness of the lakes, due, per-
haps, to the persistence of mountain gla-
ciers for a longer period of time than the
continental ice sheet at lower elevations.
The absence of peat-forming plants may
be another factor in the slow rate of peat
accumulation.

LocATION AND CHARACTERISTICS OF
THE BoG

The site of the peat deposit is Mud
Lake, one of the Anthony Lakes that lie
near the crest of the Blue Mountains in
northeastern Oregon. It is about 25 miles
northwest of Baker, in section 7 of T. 7
S., R. 37 E. on the Sumpter Quadrangle.
The altitude is about 7000 feet. The lake
has been ponded in a glacial valley less
than two miles from the headwaters of
Anthony Fork River, the upper tributaries
of which rise in a series of cirques at the
bases of three peaks that attain an alti-
tude of more than 8000 feet. The lake is
only a few acres in extent and very shal-
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low. The author was unable to determine
whether it was formed in a kettle or
dammed by a terminal moraine. A con-
siderable portion of the lake is occupied
by a submerged hydrosere. Near the
shore a floating stage consists chiefly of
pondweed (Potamogeton sp.). A zone of
sedge (Carex spp.) from 50 to 100 feet
wide surrounds much of the lake.

Peat samples were obtained at two
places near the shore in the sedge zone at
2-decimeter intervals, with a Swedish-
type peat borer. The depth of one profile
is four meters, while that of the other is
three meters. The organic sediments are
underlain with volcanic ash which was im-
penetrable to a depth greater than six
inches. Additional peat strata may under-
lie the ash, but the depth of the profile
at this altitude suggests that it represents
most, or all, of post-Pleistocene time. The
source of the ash is unknown. The occur-
rence of a single layer of ash is common
in post-Pleistocene bogs in Washington,
both east and west of the Cascade Range
(Hansen, 38, '39a, ’39b, '40a, '41a, '41e,
"41f ; Rigg and Richardson, ’38). Pumice
strata are present in peat profiles in the
Willamette Valley and Cascades of Ore-
gon (Hansen, ’42b, '42c, '42d). The ash
in Washington bogs probably came from
Glacier Peak in the northern part of the
State (Hansen, '41f). Other possible
sources are Mt. St. Helens, Mt. Adams,
and Mt. Baker. The pumice strata in peat
profiles of the Willamette Valley evidently
came from the eruption of Mount Ma-
zama, about 5000 years ago, which formed
the caldera holding Crater Lake in south-
ern Oregon (Williams, 41). In a mon-
tane bog near Bend, Oregon, there are two
strata of pumice, separated by 2.5 meters
of organic sediments (Hansen, '42c).
The upper layer undoubtedly had its
source in the eruption of Mount Mazama,
but the source of the lower stratum is
unknown. Peat deposits nearer to Crater
Lake are underlain by several feet of
Mount Mazama pumice (Hansen, '42d).
In other parts of northeastern Oregon, a
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layer of volcanic ash ? is exposed several
feet below the surface of recent wash in
gullies. It is not possible at present to say
if this ash is synchronous with that under-
lying the peat deposit of this study. It
is possible that the latter was transported
into the lake by streams that cut into
older ash deposits. This theory is some-
what supported by the abundance of pollen
within the ash stratum itself. Volcanic
glass is present in diminishing quantity
upward in the profiles, indicating con-
tinued transportation of the ash. Brown
sedimentary peat overlies the ash stratum
and grades upward into fibrous peat near
the surface.

METHODS

In preparation of the sediments for
microscopic analysis, the potassium hy-
drate method was used. One hundred and
fifty to 200 pollen grains were identified
from each level. The identification of
the winged conifer pollen was based upon
the size-range method (Hansen, "41a, ’41b,
'41d). In this study pollen listed as that
of whitebark pine (Pinus albicaulis) may
include some of the western white pine
(P. monticola) and limber pine (P. flex-
ilis), because the size-range in these spe-
cies lies within that of whitebark pine.
Western white pine is present in the Ca-
nadian life zone of the Blue Mountains,
but limber pine occurs only in the Wal-
lowa Mountains of northeastern Oregon
and probably is not represented here
(Munns, 38). It may, of course, have
existed abundantly in the past. Pollen
listed as that of alpine fir (Abies lasio-
carpa), may include a trace of lowland
white fir (4. grandis). Species that are
recorded to 1.5 per cent or less are listed
in the tables as 1 per cent.

The interpretation of vegetation history
from pollen profiles involves a number of
errors, both obvious and intangible. In-
terpretation of climatic trends is also sub-
ject to sources of error involved in the

2 Personal communication from J. E. Allen,
Geologist, State Department of Geology and
Mineral Industries, Portland, Oregon.
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relative climatic indicator evaluation of
the several species concerned. One of the
sources of error in interpreting forest suc-
cession from pollen profiles is the factor
of relative abundance. It is assumed that
an increase in the pollen proportions of
one species and a decrease in those of
another denote a correlative change in
their actual abundance. It is possible,
however, that one species or group of
species may increase in abundance while
another- remains static, or vice versa, al-
though the latter shows a decrease in pol-
len proportions. In this study the pres-
ence of pollen from species of several life
zones tends to amplify the importance of
relative abundance.

ForesTS 1IN ADJACENT AREAS

The site of the peat profiles lies within
and near the upper limits of the Hud-
sonian life zone (Bailey, 1936). A few
miles to the south of Mud Lake, the Hud-
sonian grades into the Arctic-alpine zone.
The highest peak in the latter zone is Rock
Creek Butte with an elevation of 9097
feet. The Canadian zone surrounds the
Hudsonian at lower altitudes, and in turn
the Canadian gives way to the timbered
Arid Transition. The bog is located in
the Petran subalpine forest association
according to the classification of forest
climaxes by Clements (Weaver and Clem-
ents, "38). The typical dominants of this
association in the Blue Mountains are al-
pine fir, whitebark pine, and Engelmann
spruce (Picea engelmanni). Whitebark
pine occurs abundantly near timberline.
Lodgepole pine (Pinus contorta) is the
most abundant species in both the Cana*
dian and Hudsonian zones, occurring as
a subclimax due to fire (Clements, '10).
A cursory survey suggests that about 50
per cent of the forests in the vicinity of
the bog consists of lodgepole pine, 25 per
cent of alpine fir, and 25 per cent of En-
gelmann spruce. These species are pres-
ent in mixed stands. Species common in
the Hudsonian zone of the Cascades such
as Alaska cedar (Chamaecyparis noot-
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katensis), mountain hemlock (Tsuga mer-
fensiana), and alpine larch (Larizx lyallii)
are absent or rare in the Blue Mountains.
A few pollen grains of mountain hem-
lock are present in the peat profiles, and
this species was observed in this part of
the Blue Mountains by Sudworth (’08).
In the Canadian zone, lodgepole pine prob-
ably composes a greater proportion of the
forest than in the Hudsonian zone. En-
gelmann spruce is also common in the
upper part of the Canadian zone. Other
species of greater or lesser abundance in
this zone are Douglas fir (Pseudotsuga
taxifolia), western larch (Larix occi-
dentalis), western white pine, and lowland
white fir. Western hemlock (Tsuga
heterophylla) is of rare occurrence in the
Blue Mountains and was not noted by
Sudworth (°08), although Munns (’38)
shows a single station for this species. It
has existed within range of pollen dis-
persal to the site of the bog, however,
because it is sparsely and sporadically re-
corded by its pollen in both of the pro-
files (tables I and IT). Two other spe-
cies, common in the Canadian zone of
western Oregon and Washington but
seemingly absent from the Blue Moun-
tains, are noble fir (Abies nobilis) and
silver fir (A4. amabilis).

The timbered Arid Transition area is
narrow and the principal species is west-
ern yellow pine (Pinus ponderosa). Yel-
low pine forests are far more extensive
at lower elevations to the west than to the
east, where they form only a narrow zone
between the Canadian and timberless
Arid Transition. In the upper part of
this province, a few specimens of white
fir (Abies concolor) are to be found.
Douglas fir, western larch, and lowland
white fir are also present on favorable
sites. The principal broadleaf species in
this zone is black cottonwood (Populus
trichocarpa), which thrives along water
courses. In the Canadian zone, aspen
(Populus tremuloides), mountain alder
(Alnus tenuifolia), and mountain maple
(Acer douglasii) grow in restricted areas.
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CLIMATE

The bog is located within a climatic
province designated as semi-arid, micro-
thermal, and with a deficiency of precipi-
tation at all seasons (Thornthwaite, '31).
The forests of the Canadian and Hud-
sonian zones, however, prove that there
is sufficient precipitation for tree growth.
The mean annual precipitation at Co-
lumbia Mine, 10 miles to the southeast, is
about 35 inches; at Greenhorn, 18 miles
to the southwest, it is also about 35 inches;
and at Ibex Mine, 10 miles to the south,
it is 29 inches (Climatic Summary, U. S.
D. A, ’36). At all three stations, between
20 and 23 per cent of the annual precipita-
tion occurs from May to September in-
clusive. Their elevation is about 6000
feet, and the precipitation is probably
similar to that in areas adjacent to the
bog. At Baker, with an elevation of 3500
feet, the mean annual precipitation is al-
most 12 inches, with 35 per cent occurring
from May to September. The mean an-
nual precipitation at Seattle, Washington,
in the midst of the hemlock-cedar climax
is about 33 inches, with only a small per-
centage occurring from May to Septem-
ber. It seems probable that the more

Depth in melers
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rigorous climate due to greater altitude is
responsible for the relative absence of
western hemlock and Douglas fir in the
Anthony Lakes region.

VEGETATION HISTORY

The forests within range of pollen dis-
persal to Mud Lake when the lowest
pollen-bearing sediments were deposited,
consisted chiefly of whitebark, lodgepole,
and western yellow pine. The first two
are recorded to 42 per cent in the deeper
profile and to 38 and 40 per cent respec-
tively in the other. ILodgepole and white-
bark pine are recorded in equal abundance,
but the first produces more pollen than
other Pacific Northwest conifers, and is
undoubtedly over-represented in most peat
profiles. Whitebark pine may actually
have been more abundant than lodgepole
in the Hudsonian zone. Lodgepole de-
clines from the bottom in both profiles to
its lowest proportions at 2.8 and 2 meters
with 24 and 20 per cent respectively (fig-
ures 1, 2). Whitebark pine also declines
but remains more abundant than lodgepole
to a point about half-way up the profiles,
where it is superseded by lodgepole pine.
The latter remains predominant to the sur-
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face and whitebark pine continues its gen-
eral decrease to the surface.

The pollen profiles of western larch are
significant. It is sparsely represented in
the lower horizons and then shows a sharp
increase to 14 per cent at 2.8 meters in
the deeper profile and to the same propor-
tion at 2 meters in the other (figures 1,
2). These levels are evidently approxi-
mately synchronous. Larch then declines
to only a trace and is sparsely and spo-
radically recorded to the surface in both
profiles. Lodgepole reaches its lowest
proportions at the levels of larch maxi-
mum, and then shows an almost constant
increase to the surface. The influx of
larch suggests the occurrence of several
fires in close succession. This species has
very thick bark, and is able to survive
severe fires that first destroy the parent
trees of other species, and then the seed-
lings (Sudworth, 08, Larsen, *29). Larch
then flourishes in the absence of competi-
tion with other tree species. If the area
is undisturbed by fire, however, other spe-
cies will gradually replace larch because
of its intolerance of shade. Lodgepole
may also benefit from fire, but in a dif-
ferent way. Many of its cones do not
open when mature, but cling to the tree
for many years, retaining viable seed.
The heat from fire may cause the cones to
open, shedding considerable seed. The
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absence of competition likewise permits
this pine to thrive until others regain a
foothold and gradually replace it (Harlow
and Harrar, '41). The decrease of lodge-
pole to the level of larch maximum sug-
gests that it also suffered from the hypo-
thetical fires. - Its rapid increase from this
level to the surface, however, indicates
that the environment was favorable from
that time to the present (figures 1,2). An
initial predominance of larch recorded in
the peat profile near Bend, Oregon, also
denotes repeated fire prior to sedimenta-
tion (Hansen, '42c). Larch does not shed
nearly so much pollen as the pines, and it
is thus under-represented.

The pollen profiles of yellow pine reveal
tHat the abundance of this species re-
mained static to the time of larch maxi-
mum. It fluctuates between 5 and 12 per
cent in the deeper profile, and from 11 to
18 per cent in the other. Yellow pine then
sharply increases to attain its maximum
proportions of 23 per cent at 2.2 meters in
the deeper, and 25 per cent at 1.4 meters
in the other profile. It declines through
the next several levels and remains rather
constant to the surface. Apparently the
hypothetical fires did not affect the abun-
dance of yellow pine, as it may have ex-
isted at lower altitudes and was not sub-
ject to fire. Drying of the climate may
have been involved in yellow pine attain-
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ing its maximum. The horizons of yellow
pine maximum in the two profiles are
probably synchronous.

Other conifers recorded by their pollen
in appreciable proportions are Engelmann
spruce and alpine fir. They are repre-
sented as having been constant throughout
both profiles and show no successional
trends. Engelmann spruce fluctuates be-
tween 1 and 12 per cent, while alpine fir
varies from 2 to 12 per cent in the two
profiles. Fire evidently prevented these
species from reaching their greatest de-
velopment. Douglas fir, western and
mountain hemlock, and white fir are also
represented in low proportions (tables
I and IT). Pollen of broadleaf species
present includes chiefly alder and maple,
with the latter most abundant. Compos-
ites, grasses, and chenopods are sparsely
but consistently represented. The pollen
of chenopods may have come from
dryer and alkaline areas at much lower
clevations.

In most post-Pleistocene peat profiles
located within the glaciated region of the
Pacific Northwest, lodgepole is recorded
as having been the chief pioneer invader
(Hansen, '38, "39a, '39b, '40a, '41a, '41e).
Peat profiles in the lower Willamette
Valley of Oregon also show lodgepole
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pine as the pioneer postglacial invader,
though it is entirely absent in this area at
present (Hansen, '42b). The Willamette
Valley was not glaciated but it was in-
undated by glacial backwater from the
Columbia River (Allison, *35). The un-
stable physiographic and edaphic condi-
tions during the early post-Pleistocene
were probably responsible for the initial
predominance of lodgepole here and in
many other parts of the Pacific North-
west. The advantage obtained by lodge-
pole pine due to radical changes in the
edaphic conditions is well exemplified by
a pollen study of a 7-meter pollen-bearing
profile on the east slope of the Cascade
Range, near Bend, Oregon (Hansen,
'42c). Two strata of pumice occur in the
profile; one at 4.5 and the other at 2 me-
ters. The pumice mantle deposited by the
earlier volcanic eruption interrupted a
strong trend toward a yellow pine climax,
which is the normal climatic climax of
this region. Lodgepole is recorded as
having made a sharp increase to assume
predominance immediately after the erup-
tion. As the pumiceous soil was some-
what modified, yellow pine partially re-
gained its former abundance, only to be
interrupted again by the second volcanic
eruption. Lodgepole maintained predomi-

TABLE I.  Percentages of fossil pollen. Anthony Lakes.

Depth in meters 4.0(3.8(3.6/3.4/3.2|3.0(28(2.6(2.4|2.2|2.0(1.8(1.6|1.4|1.2(1.0/0.8|0.6|0.4 [0.2]0.0
Pinus contorta 42| 35| 30| 34| 36| 28| 24| 29| 30| 31| 35| 41| 44| 51| 41| 46| 54| 64| 47| 51| 50
P. albicaulis 42) 42| 40| 38| 38| 40| 39| 40| 36| 33| 32| 35| 38| 30| 32| 27| 30| 19| 20| 26| 20
P. ponderosa 6| 12| 12| 12| 10| 10| 17| 20| 23| 19| 12| 6| 8| 15| 16/ 10| 10| 13| 11| 16
Pseudotsuga taxifolia | 1| 1| 1| 2| 2| 1| 1| 1| 1| 1 1 1 1 1] 1] 1
T'suga heterophylla 1 1 111 1] 1 1] 1 1
T. mertensiana ][I 1 2| 1 1] 1| 1 1 1 1 [ S |
Picea engelmanni 2| 8 8 21 6] 5| 1| 3| 8 4| 4| 4| 4] 2| 2| 4 2| 2| 8 4| 6
Abies lasiocarpa 6 6 8 10 6| 6 8| 4| 4/ 6| 8 4 6| 5| 6 4 2| 4| 8 4| 3
A. concolor 1 1 2| 1 1 1| 2 2( 1] 2| 1 ) { I |
Larix occidentalis 1] 1 6| 14| 5 1] 1 1
Pinus spp.* 12| 17) 17) 15| 21| 12| 15| 22| 21| 23| 22| 17| 10| 20| 17| 19| 20| 18| 17| 19| 15
Abies spp.* 1 2 1 1] 1 1
Gramineae* 1 2| 1 1 2| 1} 1 2 1 2
Compositae* 1 3| 2 3| 2| 4 2 2| 2 4 1 1
Chenopodiaceae* 1 4] 1 1] 1] 1 2] 2| 1 2| 2 1 1
Alnus* 3 2] 3 1 3 1 1) 1 1f 1 1
Acer* 6| 8 6] 4/ 3| 7| 2| 4 6| 3| 3| 4 4 2 5| 2| 2( 5| 1] 6
Salix* 5 1 o1 85 1 1
Cyperaceae* 2| 21 3] S| 1] 5 11 2| 1 2] 2 6] 1| 7] 4 2| 1| 4| 1|65
Nymphozanthus* 1] 1| 2| 3| 2 4 1 | G | B (| ) | 1 1

* Number of pollen grains, not computed in the percentages.
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TasLg I1. Percentages of fossil pollen. Anthony Lakes.

Depth in meters 30|28|26|24|22|20|18]|1.6|1.4]1.2 10|08 |0.6|04 |02 (0.0

Pinus contorta 401303028 |24|20(28|30|31|32|42|40 53|60 |52 50
P. albicaulis 38136|38(36(39|36|35]37|29|28]33(30(22]|15 (31 18
P. ponderosa 11118112 14|14 |13 14|20 (25|21 |15|14 |14 |12 |12 |14
Pseudotsuga taxifolia 1| 3| 3| 3 ][50 1|1 1] 1 1
Tsuga heterophylla 1|1 1
T. mertensiana 1 0 10 L |
Picea engelmanni 3 4| 3| 7| 8| 6| 6| 4| 6[12| 4| 4| 2| 4 2( 5
Abies lasiocarpa s| 4{12|10| o| 7| 8| 8| 8| 6| 5|12 8| S| 3 9
A. concolor S 1 1 1 2
Larix occidentalis 1| 3 1| 414 8] 1 2
Pinus spp.* 1211511 |11 |12 |17 |15 |16|22|21 |15 (18|19 1523 17
Abies spp.* 2 11 1] 3 1
Gramineae* 1 1
Compositae* 1 o | 1] 1] 1] 1] 3] 1 1 1] 1
Chenopodiaceae® 1 1] 1 1 3l 1) 242 2
Alnus* VI 190 T 0 9 W [
Acer* 6| 6| 9| 4| 7| S| 1| 4] 1| S 2.1 8 2] 1
Salix* 1 2 3 1 3 1 1
Cy ceae* L2 2 3| 21 3] 3] 2| 2| 3| 3|12 |42
Nymphozanthus* 11 3| .3 1 1

* Number of pollen grains, not computed in the percentages.

nance to the present. The vast lodgepole
pine forests on the pumice mantle of cen-
tral Oregon have existed as an edaphic
climax since the first recorded post-
Pleistocene volcanic eruption. In unglaci-
ated regions where the forests and soil
were not materially disturbed during the
later part of the Pleistocene, or the early
part of the postglacial period, pollen pro-
files show that lodgepole was not predomi-
nant when the earliest sediments were
deposited (Hansen, ’41b, ’4lc, 41d).
Usually the dominants of the present for-
mations are most abundantly recorded
throughout the profiles.

CrimAaTic CONSIDERATIONS

The chief climatic indicators are white-
bark and yellow pine. The first exists at
and near timberline in the Hudsonian zone
and the latter thrives in the timbered Arid
Transition. These two provinces are
separated by the Canadian zone, but no
species characteristic of this zone are re-
corded in significant quantity. Undoubt-
edly the pollen listed as that of whitebark
pine includes some of western white pine.
The latter is a good indicator of the Ca-
nadian zone in the Pacific Northwest, and
it may have been more abundant in the
Anthony Lakes region during the past.

Engelmann spruce also grows largely in
the Canadian zone, but its pollen propor-
tions are too low and its profiles too con-
stant in this study to mark any climatic
trends. The most common tree by far in
the Canadian zone is lodgepole, and it is
of little value as a climatic index. West-
ern larch grows in the upper part of the
Transition and the lower part of the Ca-
nadian, but this species is rarely predomi-
nant, except as a result of repeated fire.
The pollen profiles of alpine fir are too
constant and its proportions too low to
warrant a climatic interpretation. The
pollen of Douglas fir, white fir, and west-
ern and mountain hemlock is too scanty
in both profiles to offer any evidence for
climatic trends.

Western yellow pine is perhaps the best
climatic indicator. It is one of the most
xerophytic of Pacific Northwest conifers,
and because of its existence adjacent to
the low elevation timberline, its response
to climatic changes should be reflected in
the pollen profiles. It would seem that
whitebark pine is also a good climatic indi-
cator, because it exists adjacent to the
high elevation timberline. It is especially
significant in this case since the bog is
located near the upper limits of the Hud-
sonian. zone, immediately below timber-
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line. The high proportions of lodgepole
pine, however, tend to minimize the cli-
matic indicator value of whitebark pine in
these profiles. The rapid gain in yellow
pine from the horizon of larch maximum
in both profiles, signifies a warming and
drying of the climate as the influence of
recent glaciation waned. The larch maxi-
mum suggests that fire retarded the trend
of yellow pine increase. As the effects of
the hypothetical fires were modified, yel-
low pine belatedly responded positively to
the warming climate. The general decline
in whitebark pine from the bottom to the
level of yellow pine maximum is corrobo-
rating evidence for this climatic trend.
The decline of yellow pine from its peak
to proportions that are generally main-
tained to the surface, marks a cooling and
humidifying of the climate to a degree
which has persisted to the present. A
continued decline in whitebark pine from
the time of yellow pine maximum almost
to the present, however, does not sub-
stantiate this interpreted trend. The rapid
gain of lodgepole from the time of larch
maximum to nearly the present denotes a
sustained favorable environment for this
species in the Canadian and Hudsonian
zones. The recorded decline of whitebark
pine during the same period may then be
merely relative. It probably remained
more or less constant in the upper part of
the Hudsonian zone.

Yellow pine pollen preserved in the
sediments must have come from forests
at much lower elevation. This means that
the factor of relative abundance may be
of critical importance. Does the increase
in yellow pine pollen proportions denote
an upward movement of the timbered
Arid Transition due to a warming and
drying of the climate, an increase in yel-
low pine within its own province because
of non-climatic changes in the environ-
ment, an increase in relative abundance,
or merely an alteration of those factors
controlling the transportation and preser-
vation of the pollen in the accumulating
sediment? Notwithstanding these pos-
sibilities, the occurrence of a post-Pleisto-

POLLEN STUDY OF SUBALPINE BOG 77

cene xerothermic period as portrayed by
the yellow pine profiles of this study is
substantiated by pollen profiles of other
peat deposits in the Pacific Northwest,
both east and west of the Cascade Range.
In some profiles the recorded succession
of grasses, composites, and chenopods
marks the period of desiccation, while in
others the trend of forest succession de-
picts a gradual warming and drying to a
maximum, succeeded by cooling and hu-
midifying to a degree that has been main-
tained to the present (Hansen, *39b, *40b,
'41b, '41e, '42a). In the Willamette Val-
ley of western Oregon a partial replace-
ment of Douglas fir by white oak (Quer-
cus garryana) in the upper one-third of
three peat profiles supports the interpreted
occurrence of a xeric period (Hansen,
'42a). Anthropological and geological
studies in southcentral Oregon also tend
to corroborate the evidence offered by the
pollen profiles (Cressman, '40; Antevs,
’40).

SuMMARY

A pollen study of a subalpine bog in
the Blue Mountains of northeastern Ore-
gon suggests that changes in relative abun-
dance of the several species of forest trees
may have been an important factor in
determining their pollen profiles. The
tree pollen of three life zones is preserved
in the peat profiles. The Hudsonian zone,
in which the pollen-bearing sediments are
located, is the best represented, with lodge-
pole and whitebark pine predominant.
The Canadian zone is poorly represented
by a typical species, but lodgepole pine has
probably been abundant in this zone also,
because of fire. The timbered Arid
Transition.is represented by western yel-
low pine.

Whitebark pine shows a general de-
crease from the bottom to the surface.
This indicated trend may be merely rela-
tive because of an increase in actual abun-
dance of lodgepole pine in the Hudsonian
and Canadian zones. Lodgepole pine
manifests its predominance in the upper
half of the profiles. Although lodgepole
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probably owes its abundance to fire, its
initial decline and the concurrently sharp
increase of western larch to its maximum
in the lower third of the profiles, marks
the occurrence of repeated fire, too severe
even for lodgepole. Generally constant
proportions of yellow pine during this
period indicates that the fires did not occur
in the Arid Transition. Its increase from
the level of larch maximum and lodgepole
pine minimum denotes warming and dry-
ing of the climate. A decline of yellow
pine immediately following its peak de-
notes an increase of moisture to a degree
which has persisted to the present, or
merely a change in relative abundance.
Engelmann spruce and alpine fir are re-
corded in low proportions, reflecting the
influence of fire in preventing their normal
development in this region.
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