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A POLLEN STUDY OF LAKE SEDIMENTS IN THE LOWER
WILLAMETTE VALLEY OF WESTERN OREGON"

Hexry P. HANSEN

The occurrence of peat deposits heyond the limits of Pleistocene glacia-
tion in the Pacific Northwest is uncommon. Sphagnum bogs are rare except
along the Pacific Ocean where the moist, equable climate is favorable for
their development. In the Willamette Valley of western Oregon, the small

amount of

srecipitation during the growing season is probably the chiet rea-
sphagnum Dogs. The author has made a pollen study
of the only extensive one known to exist in this area (Hansen 1941a). Sedge,
tule. reed, and cat-tail swanmps or bogs are also uncommon, but they may be
occasionally found on floodplains, in abandoned stream channels, and in
oxbow lakes. Many of these areas have been drained for agricultural pur-
poses, and often practically all evidence of their previous existence has been
obliterated. Floodplain associes of willow, cottonwood, alder, ash, and large-
leaf maple also mark the presence of hydroseres that are rapidly nearing the
climax stage of plant succession. Many of these areas are merely alluvial
floodplains where the water table remains sufficiently high during the sum-
mer to permit the growth of moisture-loving species. Few of these areas, how-
ever. have an accumulation of peat or other pollen-bearing sediments suit-
able for the purpose of pollen analysis. It is fortunate, therefore, that several
peat deposits satisf y £ analysis are present | > Jower Willa-
mette Valley. Their pollen record serves as a valuable accession to the prob-
lem of post-Pleistocene forest suceession— limate | : Pacific
_w(_-s't_.'l‘he Willamette Valley is a rather distinet floristic province within an
otherwise more or less homogeneous hemlock-cedar forest climax of this

son for the absence o

¥ g

region.
ORIGIN AND CHRONOLOGY OF THE SEDIMENTS
The peat profiles for this study were obtained from two different deposits.
Two profiles were obtained from the Labish Flats. located about 4 miles
LS eoon. Lake Labish was formerly a shallow lake before

northeas

it was drained in v agricultural purposes. The lacustrine sediments
cover an area abou miles long and one-half mile wide. The elevation is
between (@20 and 150 feet above sea Jevel3T'he upper end of the former lake
is separated from the Willamette River by a divide not over two miles wide

and about 30 feet high. The width and depth of the channel and the adjacent

1 Published with the approval of the Monographs Publication Committee, Oregon
State College, as Research Paper No. 53 of the School of Seience, Department of Botany.
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topography indicate that it is an abandoned course of the Willamette River.
The channel was probably occupied by a distributary of a braided stream.
The lake was evidently ponded by a delta deposited by the Pudding River.
Later the Willamette River receded and the present channel carried its
water. The Pudding River follows the old Willamette Channel from the
lower end of Lake Labish, emptying into the present Willamette River far-
ther north and downstream. The level of Lake Labish was maintained by
smaller streams debouching into it. One of them is now the Little Pudding
River.? Peat samples of the profiles were taken at quarter-meter intervals
with a Hiller peat borer. One profile was taken in section 31 of T. 6 S., R.
2 W, and the other was obtained in section 21 of the same township. The
depth of the lacustrine sediments in both profiles is 7 meters. The depth has
—_—
been somewhat reduced since drainage, by consolidation, oxidation, and de-
flation. The surface of the sediments has been lowered by at least 3 feet, and
undoubtedly some of the original surface has been lost through deflation.
Shorelines of the original lake exist from 15 to 25 feet above the present sur-
face. The lowest level sampled consists of fine sand and silt which grades into
clay at 6.5 meters. The clay changes to gray-brown sedimentary peat at 5
meters, which in turn grades into brown fibrous peat at 4 meters. The last
type continues to the surface and becomes coarser upward in the profiles.
Both profiles are essentially the same with respect to the thickness of the
various types of sediments. Hypnup? moss leaves are present throughout the
fibrous m laver of pnnm« than an inch thick occurs at 1.75 meters
in both profiles. It is not possible to state the source of the pumice because
there have been several active voleanoes in the Cascades of Oregon during
the post-Pleistocene (Williams 1935, 1941). A bog about 13 miles west of
Bend. Oregon. has two layers of pumice, while bogs farther south in the
(Cascade Range rest on a thick mantle of pumice. The latter evidently came
from the eruption of Mount Mazama, which resulted in the formation of the
caldera holding Crater Lake.
A third profile of lacustrine sediments was sampled at Onion Flat, about
2 miles northeast of Sherwood, Oregon. This deposit lies about 30 miles north
of Lake Labish, and 10 miles south of Portland, at an elevation between 130
and 140 feet above sea level. The peat and other pollen-bearing sediments
have aceumulated in a former channel of thwhlch rises in
the Coast Range to the west and empties into the Willamette River about 2
south of Oregon City.* Samples were obtained in sectio
JThe depth of tlw sediments in the area of sampling is 12 meters. This
the present surface is not fhat which existed
before drainage. The bog is underlain with sand and gravel which grade into

2 U. S. Geol. Sury. 'l‘upugl map, Mount Angel Quadrangle, Oregon.
3 U. 8. Geol. Sury. Topogr. map, Oregon City and Tualatin Quadrangles, Oregon.
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silt at 12 meters. Fine c¢lay with considerable organic matter present occurs
from 12 to 9 meters. The stratum between 9 and 5 meters consists of -a gray-
brown sedimentary peat, and fibrous peat is present from 5 meters to the
surface. The surface sediments seem to have been more oxidized than those at
Labish Flats. No definite stratum of pumice or ash is discernible with the
naked eye, but voleanic glass is abundant at 0.5 and 0.75 meters. This sug-
cests that a greater thickness of surface sediments has been removed than
at Labish Flats, where the pumice layer occurs at 1.75 meters. It is probable
that the pumice and glass had the same origin. In none of the profiles, there-

—= a0
fore. is the forest snecession recorded by tree pollen fo the present time.
Eacl yvear the surface is plowed, so that the upper several inches of peat are
not suitable for pollen analysis. The uppermost sample of each profile was
obtained from the highest undisturbed horizon.

Peat deposits formed _in_depressions lving on_glaciated sites may_be
readily dated with their maximum ages. The Willamette VaHes—hawaser,
was not glaciated during the Pleistocene. The mountain elaciers in the Cas-
cade Range a few miles to the east apparently were of insufficient magnitude
to reach the Willamette Valley. nor was the Coast Range to the west olaci-
ated (Fenneman 1931). During the melting of the last stage of the Wiscon-
sin glacier, the Willamette Valley was inundated by backwater from the
olacier-swollen Columbia River (Bretz 1919). The water reached a height
of several hundred feet above the valley floor as is evidenced by the occur-
rence of ice-rafted erraties (Allison 1935). This inundation suggests that
auv peat deposits or other types of lacustrine sediments on the Willamette

Valley floor are of postglacial origin. As previously stated, Lake Labish was
ponded in an abandoned channel of the Willamette River, probably a dis-
tributary of the main stream when it carried a greater volume of water

than at present. The Onion Flat sediments were deposited in_a former chan-

nel of the Tualatin River, although it apparently was not gfi oxbowleft by a
meandering stream. It was probably formed when the TualatimRIver carried
neandering stream. 1 A

a oreater volume of water than the main channel could hold, and spilled over

as a distributary to further erode small tributary valleys. These channels
must have been occupied by their respective streams when there was con-
siderably more water available from their hydrographic basins than at
present. This probably occurred during the early post-Pleistocene when there
was heavy precipitation as well as an abundance of meltwater from wastiye
MWM.M is hard to say how long these channels were occupied by
their respective streams. If they were abandoned soon after the recession of
the continental ice sheet to the north and subsidence of glacial water in the
Willamette Valley, the sediments of this study had their initiation in early
post-Pleistocene. The 12-meter depth of the Onion Flat profile and the forest
suecession recorded in the lower half sugeests that this is probably true.
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Twelve meters of sediments, largely organic, are of considerable magnitude,
especially in the Willamette Valley where the summers are dry and far from
the optimum for the maximum rate of peat deposition. The average depth
of 16 post-Pleistocene peat deposits west of the (fascades in Oregon, Wash-
ington, and British Columbia is about 31 feet, as shown by profiles in a study
by Rigg and Richardson (1938). Most of these deposits lie in regions elimati-
cally favorable to rapid peat accumulation. It is realized that climate is not
the only factor that controls the rate of organic sedimentation, but peat
deposits in the dryer regions east of the (ascades, in Washington, average
about 19 feet in depth (Hansen 1941g). The depth of the Onion Flat sedi-
ments is almost twice that of Labish Flats. The rate of peat deposition may
vary in the same region, but the relative thickness and proportions of clay,
sedimentary, and fibrous peat indicate that the former represents a longer
period of time, and not merely a more rapid rate of sedimentation. The thick-
ness of sedimentary peat is about 4 meters, whereas that of Lake Labish is
only 1 meter. Sedimentary peat probably has the slowest rate of deposition
of the several types of sediments present. and such a ereat difference in its
thickness in the two profiles sugeest a much earlier origin for the Onion Flat
sediments. The thickness of fibrous peat is also much greater in the latter
profile. The S 1e sediments of Onj Clat were initiated
much earlier than those of Lake Labish, and that they date from extremely
_early post-Pleistocene. oy

Tn preparation of the sediments for microscopie examination, the potas-

sitm hydrate method was used. One hundred or more pollen grains of indi-
cator species were identified from each level. The number of pollen grains of
monsignificant species was also recorded and listed in the tables. Few or no
pollen grains are present in the levels of the bottom meter of the Labish
profile. These horizons are not included in the tables or pollen profile dia-

arams. The identification of the winged conifer pollen was based upon the
size range of the pollen of the several species within each genus. This method
has been described by the author in several previous papers (Hansen 1941a,
1941b, 1941d). No attempt was made to separate the pollen of Sitka spruce
(Picea sitchensis) from that of Engelmann spruce (P. Engelmanni). Tt
probably consists chiefly of the former, which is abundant along the coast a

few miles to the west, while Engelmann spruce is largely confined to the
upper slopes of the east side of the Cascade Range. Those species recorded by
their pollen as 1.5 per cent or less are listed in the tables as 1 per cent.

FORESTS IN ADJACENT AREAS

The Willamette Valley is from 25 to 30 miles wide and about 125 miles
long. It lies within tglumid Transition life z«mD( Bailey 1936). It is also
included in the hemlock-cedar c¢limax of the Coast Forest (Weaver and
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(lements 1938), but because of the low summer rainfall the forests are few
and seattered. Little or no western hemlock (7'suga heterophylla) and west-
ern red cedar (Thuja plicata) are present. The valley is intensively culti-
rated and most of the virgin forests have been removed, but the coniferous
forests were never as dense as those of either the Coast and Cascade Ranges
(Peck 1941). The principal coniferous species is Douglas
taxifolia) which grows on slopes and better drained are
(Quercus garryana) is the chief broadleaf tree, and usually occurs in groves.
It is_difficult to sav w relationship is between these two
species, because they are often found growing together. The chief other
coniferous species present is lowland white fir (Abies grandis) which thrives

suga

the successions

in low areas along the streams or other moist habitats. Farther south scat-
tered specimens of western vellow pine (Pinus ponderosa) oceur, while in
certain localized areas groves of this species exist On the floodplains of
streams and other moist sites grow associes of cottonwood (Populus tricho-

carpa). willow (Salix lasiandra), Orecon ash (Fraxinus oregana), red alder
ERAES — e . . S ———————

(Alnus rubra), largeleaf maple (Acer maerophyllum), and_vine maple (A.
circinatum). It can be seen that the forests of the Willamette Valley are
abundant neither in extent nor in the number of species.

The eastern slope of the Coast Range is forested largely with Douglas
fir with an occasional hemlock. The summers are apparently too dry for the
latter species to thrive. Pollen analysis of a sphagnum bog in the east foot-
hills of the Coast Range and farther to the south shows that hemlock has not
been nearly so abundant as Douglas fir during that part of the postglacial
period represented by the peat deposit (Hansen 1941a). On the west slope
of the Coast Range the precipitation inereases and western hemlock becomes
more abundant at the expense of Douglas fir. Along the coast is a strip com-
posed largely of Sitka spruce and western hemlock, and along the immediate
ocean on the stabilized sand dunes and other sandy soil thrives lodgepole or
shore pine (Pinus contorta). Pollen analyses of two bogs on the Oregon
(loast show that western hemlock and Sitka spruce have been predominant
during the post-Pleistocene (Hansen 1941d). On a few of the higher peaks
of the Coast Range noble fir (Abies nobilis) occurs, while western white pine
(Pinus monticola) and silver fir (A. amabilis) have been recorded at several
stations in the northern part. On the western slope of the Cascade Range
facing the northern part of the Willamette Valley, the forests are composed
chiefly of Douglas fir, with western hemlock increasing in abundance with
the altitude. Also at higher elevations thrive western white pine, silver and
noble fir, lodgepole pine, western red cedar, and Englemann spruce. The last
is not so common on the west as the east slope. Near timberline, mountain
hemlock (Tsuga Mertensiana), alpine fir (Abies lasiocarpa), white-bark pine
(P. albicaulis), and Alaska cedar (Chamaeccyparis nootkatensis) flourish.
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The presence of pollen in the sediments from all or most of these species
justifies the mention of their occurrence in adjacent areas. Less significant
species, as far as pollen analysis is concerned, that thrive on favorable sites
in the Willamette Valley and adjacent slopes of the (‘oast and Cascade
Mountain Range ave Arbutus menziesii, Castanopsis chrysophylla, Corylus
californica, Myrica californica, Cornus occidentalis, Osmaronia cerasiformis,
Philadelphus gordonianus, Amelanchier florida, Prunus emarginata, Ceano-
thus sanguineus, Cratacqus douglasii, Symphoricapos albus, and Ribes san-
guinewm.

Forest Type Maps (1936) designate the Willamette Valley as non-for-
ested and agricultural lands, and the adjacent mountain slopes as Douglas
fir types of various size classes. It is also ineluded in the Pacific Douglas
fir forest under the classification by Shantz and Zon (1924). Over most of
the hemlock-cedar ¢limax west of the Cascades, Douglas fir is a subelimax
species that has been able to persist as one of the chief dominants because of °
periodic fires)(Munger 1730U). In_;m]_gm__()ﬁgon, however, western hem-

ks atmost absent and Douglas fir is not likely to be replaced by the former
even if no perig¢dic_fires gecur. The elimate is too dry. It would be hard to

say what the (-lilxlitxﬂ‘tzlti()ll is for the Willamette Valley, but it appears
that the climate and edaphice conditions are such as to form a tension area
im which Douglas fir and white oak are in equilibrium at present. An increase
in summer rainfall probably would permit an increase in Dounglas fir as sub-
climax to western hemlock, while a dec¢rease in the annual precipitation would
perhaps cause a trend toward an oak-grassland sere.

The Willamette Valley is designated as having a humid microthermal
climate, with a summer deficiency of precipitation (Thornthwaite 1931).
The average mean annual rainfall for five stations in the valley, within a
-adius of 25 miles to both bogs, is 43.5 inches. About 10 per cent of this occurs
during May to August, inclusive (Weather Bur., U.S.D.A., 1936). The
elevation of these stations ranges from 400 to 57 feet above sea level. At
Glenora, in the northern part of the C'oast Range, and less than 50 miles
from Onion Flat, the mean annual precipitation is 130 inches. AT Govern-
ment Camp on Mt. Hood, at an elevation of 3800 feet and about 60 miles
from either peat deposit, the annual mean precipitation is about 85 inches.
Thus the Willamette Valley is bordered by areas with very moist climate,
which has undoubtedly influenced the pollen record of the forest trees in the
peat profiles. The general direction of the wind during the period of anthesis

is westerly, which suggests that the forests of the Coast Range are more
stronglyv_represented than ihose of the Cascades. This is also somewhat cor-

roborated in the pollen profiles themselves.

FOREST SUCCESSION

There is no reason to assume that the Willamette Valley, the Coast Range,
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and unglaciated parts of the Cascades were not forested during the Pleisto-
cene when areas to the north were covered with ice. Forests grow to the edge

of mountain glaciers at present, and evel certain glaciers in Alaska
AT

( Washburn 1935). The c¢limate of the Pleistocene during continental glacia-
tion, however, may have been more severe, but it was probably sufficiently
mild in western Oregon to support forests. The forests that existed within
range of pollen dispersal to the site of Onion Flat during the time repre-
sented by the lower 6 meters of sediments were composed almost entirely of
lodgepole pine, Sitka spruce, and lowland white fir (fie. 1). Lodgepole pine
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proportions fluctuate from 24 to 50 per cent with an average of about 40

per cent. Sitka spruce fluctuates from 8 to 40 per cent and lowland fir varies
from 10 to 40 per cent. While the pollen percentages of lodgepole pine run
higher than those of spruce and fir, it does not necessarily mean that it was
predominant, since lodgepole sheds a greater quantity of pollen than Sitka

spruce, and probably more than lowland white fir. It is interesting to note
that lodgepole pine and Sitka spruce are entirely absent from the Willamette
Valley and the east slope of the Coast Iml These two species
WPJ'ANHMJT\' their pollen because of its transporfation By
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water. The Tualatin River rises in the Coast Range so that its drainage area
fadilo

is in proximity to the spruce and lodegepole forests of the Pacific (loast.
During high water in the spring the Tualatin River may have spilled over
into its former channel oceupied by the aceumulating Onion Flat sediments.
Pollen from the coast forests reached the streams and were carried into the
lake and incorporated with the sediments. The relatively low proportions of
western hemlock pollen in these horizons, however, do not substantiate this
theory, or perhaps hemlock was not as abundant during early post-Pleisto-
cene as it is today on the coast. It was apparently predominant during most
of the post-Pleistocene on the Oregon Coast (Hansen 1941d).

Lodgepole pine continues its predominance upward in the Onion Flat
profile to the 3.75 meter level. It is also recorded by its pollen as the principal
species with fir and spruce in the lower 2.5 meters of the Lake Labish profiles
(figs. 2. 3). As previously stated, the greater depth of the Onion Flat profile

Depth inmerters
o/

(%)
Lo

15
z Pum/'ce;
20

o
25 <> o 3
PN I © <
30 S R S e S
S S N -
35% i ) N N
Q S S S Q
40§ N S s S
o *g 3 7] ‘S
45 Y
dog Q RE g S 3
55 |—
60 2 A g : 2 A
% 20 <40 60 20 40 60 20 20

10 20
Frg. 2. Pollen Profiles. Lake Labish. No. .
—

indicates a longer period of time for its sedimentation than that of Lake
Labish. It seems possible that the upper 7 meters of the former are contem-
poraneous with the entire Lake Labish profiles. They also are 7 meters deep,
but, as stated above, the lower meter is practically devoid of pollen. The
pollen spectra of the principal species recorded correlate remarkably well in
the upper 6 meters of all three profiles, which substantiates the theory of
their synchronism. The predominance of lodgepole pine for such a long
period of time as portrayed in the Onion Flat profile is significant. In several
other bogs analyzed for their fossil pollen that lie bevond the glaciated
region, lodgepole pine is not recorded as the predominant species in adjacent
areas (Hansen 1939¢. 1941a, 1941¢, 1941d. 1941f). This sugeests that the
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adjacent forests had reached a c¢limax when the lowest pollen-bearing sedi-
ments were deposited or had remained more or less stabilized during the
glacial period, or at least during the latter part. The forests apparently had
not been destroyed during glaciation nor had conditions favorable for an
invasion by lodgepole developed. This was true even along the Oregon (loast
where lodgepole pine thrives at present (Hansen 1941d). In a bog farther
south in the Willamette Valley, in the east foothills of the Coast Range,
Douglas fir is recorded as having been predominant during the entire period
represented by the profile (Hansen 1941a). Either the sediments do not
record all of the postglacial, or lodgepole was not abundant in this region

Depth inmeters

ol F; T

05 b

10 ¢
1.5
20

Pumice

garryana

Pseudolsuga ’axifolia
Tsuga Feterophylla
Picea sifchensis
Abres grandis
Quercus

6o L L N L
./. 20

20 40 60 80 / 20 . 20 20 40
Fi9.3. Pollen Profiles. Lake Labish. No.2.

at any time during the post-Pleistocene. In other peat deposits that lie within
the glaciated region, lodgepole pine was the predominant species recorded in
the bottom sediments. As these sediments are usually sand and silt, it seems
probable that pioneer postelacial forest succession was recorded. It is be-
lieved that lodgepole pine flourished near the ice-front because of lack of
competition of other species for which the climatie and edaphic conditions
were unfavorable. As the environment became moderated and somewhat
stabilized, other species invaded and replaced lodgepole because of its greater
intolerance for shade and shorter life span. This was evidently true both east
and west of the Cascade Range in Washington (Hansen 1938, 1939a. 1939b,
1940a, 1940b, 1941b, 1941e). The comparative absence of Douglas fir and
western hemlock in the lower horizons of all profiles suggests that the edaphie
and climatic conditions were unfavorable for these species. The high propor-
tions of Sitka spruce and lowland white fir, both moisture-loving species,
sugeests that the elimate was very wet. Heavy precipitation and melting of
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the glaciers in the Cascades may have resulted in erosion in the hills and
inundation in the valley, with constantly changing edaphic and topographie
conditions. Lodgepole pine was able to survive in abundance because of its
ability to live under an adverse ¢limate and unstable edaphic conditions,
and its early seed-bearing age. The latter characteristic permits it to migrate
more readily and re-establish itself under changing edaphic and topographie
conditions than the other species. This is evidenced by its invasion of pumice-
covered areas in the (ascades of southern Oregon, burns, sphagnum bogs,
and sand dunes along the Pacific Coast. The pollen percentages of lodgepole
pine generally decline upward in all profiles from their maxima in the lower
levels and become negligible in the upper horizons (figs. 1, 2, 3). Sitka spruce
and lowland white fir are most abundantly recorded in the lower levels of
the Labish profiles as well as in the other. In one of the former they both
show higher proportions at several levels than lodgepole pine (fig. 3). Spruce
is the first to show a decline and it is recorded by negligible percentages in
the upper 3 meters of all profiles. Lowland white fir maintains higher pro-
portions in the higher horizons, indicating that conditions remained more
favorable nearer to the present time for this species than for spruce. Low-
land white fir is common in the Willamette Valley today, and is recorded to
16 per cent in the top level of one of the Labish profiles (fiz. 2).

Douglas fir is recorded by its pollen in low proportions in the lower 7
meters of the Onion Flat profile with a maximum of 5 per cent at 3 levels
(fig. 1). It likewise is represented by slight percentages in the lower horizons
of the Lake Labish profiles (figs. 2, 3). This is consistent with its trend in the
Puget Sound region (Hansen 1938, 1940a. 1941b). It increases sharply from
4.75 meters in the Onion Flat profile and from 5 and 5.5 meters in the others.
to attain 74, 69, and 80 per cent respectively in the uppermost level. In its
general inerement upward toward the top, Douglas fir shows a number of
fluctuations of considerable magnitude. The areatest of these variations
oceurs conversely with those in the pollen spectra of Oregon white oak and
will be discussed later. Bogs located within the hemlock-cedar elimax of the
Coast Forest in the Puget Lowland of western Washington show Douglas fir
as rapidly replacing the pioneer forests of lodgepole and western white pine
(Hansen 1938, 1940a, 1941b). It was in turn replaced more gradually by
western hemlock to some extent, but was able to persist in equal abundance
with the latter, owing to periodic fires that interrupted forest succession
toward the hemlock-cedar climax. It did not, however, attain so high propor-
tions as in the profiles of this study. In eastern Washington, Douglas fir has
played a minor part in postglacial succession because of the dry climate
(Hansen 1939b, 1940b, 1941f). On the Pacific Coast of Oregon and on the
west side of the Olympic Peninsula it also has been unimportant in the forest
complex during the post-Pleistocene (Hansen 1941c, 1941d). Douglas fir has
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been predominant on the east slope of the Coast Range in west central
Oregon during most of the postglacial period (Hansen 1941a).

The pollen of white oak does not make its appearance in the lower levels
of the profiles. In the Onion Flat profile it is first recorded at 4 meters by 1
per cent, and in the others at 4.57 and 4.75 meters with 10 and 4 per cent
respectively (figs. 1, 2, 3). The fact that this species is not recorded by its
pollen in the lower levels in the Onion Flat profile is further evidence that this
profile represents a much longer period of time. Oak soon increases sharply
after its initial appearance, being recorded as 35 per cent at 2.75 meters in
the Onion Flat profile, and 35 and 40 per cent at 3 and 3.25 meters respec-
tively in the Lake Labish sediments. In the latter, Douglas fir shows abrupt
declines at these same levels. Oak then precipitately declines to 22 per cent
in the Onion Flat profile at 2.5 meters, and to 14 and 18 per cent at 2.5 and
2.25 meters respectively in the other two. It again inereases to 65 per cent
in the former at 1.5 meters, and to 37 and 43 per cent at 2.25 and 2 meters
respectively in the Lake Labish sediments. These are the highest proportions
attained in the white oak spectra. That these maxima are all approximately
synehronous is denoted by the occurrence of the pumice layer immediately
above in the Labish profiles and slightly higher in the other (figs. 1, 2, 3).
The general trend of Douglas fir increment is again interrupted at the oak
maxima, showing a decline to less than the oak proportions in the Onion
Flat and one of the Labish profiles. It should be noted that this increase and
decrease of oak and Donglas fir respectively are not merely relative. There
is an actual decrease in the frequency of Douglas fir pollen at these horizons.
White oak declines from these maxima, and is recorded by 13, 3, and 12 per
cent in the uppermost horizons. In a bog near Tacoma, Washington, located
on the Tacoma *“prairies,”” oak is recorded by its pollen to as high as 14 per
cent in the middle horizons of a 10.5 meter peat profile (ITansen 1938). This
area is characterized by scattered groves of white oak on the gravelly soil of
the outwash plain from the Vashon glacier of the Puget Sound region. The
oak maximum in this bog may be synchronous with those of this study. It
seems possible that white oak is under-represented, because of the vast areas
on either side of the Willamette Valley forested with Douglas fir, while oak
is and probably always has been confined to the valley. Also from the writer’s
observations it seems probable that oak does not produce as much pollen as
Douglas fir.

Western white pine is recorded by its pollen to higher proportions in the
lower levels of all profiles and declines to only a trace near the top (tables).
This trend is consistent with that of most peat profiles west of the Cascade
Range. Western hemlock is the most abundantly recorded of the other
conifers. In the Onion Flat profile it attains its greatest abundance in the
middle horizons, as it does in one of the others. In the third, it shows its



1942] IIANSEN : POLLEN OF LAKE SEDIMENTS 273

TABLE 1
Percentages of Fossil Pollen.  Onion Flat Profile
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highest frequencies in the lower two-thirds. Its maximum is 15 per cent in
any of the profiles (tables). The climate has probably been too dry for this
species in the Willamette Valley. In the Puget Lowland it partially replaced
Douglas fir, to become equally abundant during the latter half of the post-
glacial. Mountain hemlock is appreciably recorded in the lower two-thirds
of the Onion Flat profile, and to only a trace in a few levels of the others
(tables 1, 2, 3). Neither western nor mountain hemlock shows a trend that
correlates with the spectra of the other species. Pollen of the latter probably
drifted down from higher altitudes in the Clascades, or less probably from
the northern part of the Coast Range. Western yellow pine is recorded
sporadically in the lower horizons and more consistently in the higher levels.
This trend differs from that in the bog farther south in the Willamette Val-
ley, where it is more abundantly recorded in the lower levels (Hansen
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1941a). Its trend in this study is more logical, however, because it is the most
xerophytic of the conifers, and should have increased during later post-
glacial time, if a drier climate prevailed. Other species recorded by their
pollen are willow, sedge, yellow pond lily, cat-tail, alder, hazel. ash, and
maple (tables 1, 2, 3). The first four record the progress of hydrarch succes-
sion. The scarcity of alder pollen is unusnal because it is generally abundant
in most peat profiles in the Pacific Northwest. In some cases alder seems to be
correlated with Douglas fir, which suggests that it invades low, damp areas
that have been denuded by fire (Hansen 1941a).

CLIMATIC' CONSIDERATIONS

In this study the pollen spectra of Sitka spruce, lowland white fir, Doug-
las fir, and white oak are the best indicators of climatic trends. Spruce is an
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indicator of extremely moist conditions, whereas white oak thrives under the
driest climate. Lowland white fir is next to spruce in its moisture require-
ments, and Douglas fir will survive under drier conditions than either spruce
or lowland white fir, but not so xeric as oak. Lodgepole pine is a poor climatie
indicator because of its wide climatic and geographic range. The predomi-
nance of its pollen in the lower levels of the Pacific Northwest peat profiles
marks its invasion of primary areas before the edaphic and physiographic
conditions had been stabilized and sufficiently moderated to permit the
entrance of other species more tolerant of shade and with a longer life span
to replace it. Western hemlock thrives under a moist climate, but it is too
sparsely represented in the peat profiles of this study to serve as a climatie
mdicator. Its low pollen frequency, however, in itself denotes that too dry
conditions prevailed for its existence in the Willamette Valley, at least dur-
ing the latter two-thirds of the post-Pleistocene. Western white pine is indica-
tive of a cool and subhumid climate, and mountain hemlock marks at least a
cool climate. Yellow pine is almost as xerophytic as white oak.

In the PIM‘I‘II Washington, postelacial forest succes-

sion has probably been more a result of competition than due to climatic
chanee. This also seems to have been true of the Oregon (loast and the west
side of the Olympic Peninsula (Hansen 1941¢, 1941d). In drier regions where
the annual precipitation or summer rainfall is at a critical minimum,
slight changes may influence forest succession over a period of time. The
areater response of tree growth in dry areas is shown by comparative studies
of radial inerement in trees living in wet and dry climates (Douglass 1936).
In dry climates, slicht variations in the annual precipitation are readily
reflected by the width of the annual rings, whereas in moister climates the
ring width may vary only slightly from year to year, in spite of appreciable
differences in the annual rainfall. It is believed that the small amount of
summer rainfall in the Willamette Valley is responsible for recording more
definite postglacial climatic trends than elsewhere west of the Cascade
Range. High percentages of Sitka spruce and lowland white fir pollen in
the lower half of the Onion Flat profile mark a wet ¢limate during the first
third of the post-Pleistocene. A continuation of proportions of appreciable
but lesser magnitude upward in this profile, as well as in the contemporane-
ous horizons of the lower Lake Labish profiles, marks a persistence of the
wet e¢limate for some time longer. The scarcity or absence of spruce pollen
in the upper horizons of all profiles and the absence of this species east of
the Coast Range at present, substantiates this interpretation. The predomi-
nance of lodgepole pine as denoted in the lower strata marks the presence of
unstable soil and physiographic conditions, possibly caused by increased
surface water from melting glaciers in the Cascades and greater precipita-
tion in the valley. This probably resulted in considerable erosion. deposition,
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inundation, emergence, and other changing environmental conditions under
which trees requiring 25 years or more to reach seed-bearing age could not
persist. The invasion and rapid increase in Douglas fir signify a drier climate
and more stabilized edaphic and physiographic conditions as the postelacial
period progressed. Instead of the entrance and development of western hem-
lock to attain equal abundance with Douglas fir, as occurred in the Puget
Lowland, white oak invaded the valley and rapidly increased in its extent
to supersede Douglas fir at some levels in its pollen proportions. This signifi-
cant increase at the expense of Douglas fir marks further desiceation of the
climate. The maximum of this trend was apparently reached just prior to
the eruption of one of the Cascade voleanoes and the deposition of pumice
in the accumulating sediments. This period of maximum dryness, as por-
trayed by the influx of oak, is not corroborated by a simultaneous invasion
of grasses and composites, such as occurred on the Tacoma ““prairies’ just
south of Puget Sound (Hansen 1938). A decline in the pollen percentages
of oak and a resumption of Douglas fir predominace to the uppermost hori-
zon may mark a cooler and moister climate in more recent time.

A general decrease in moisture during the middle third of the post-Pleis-
tocene is suggested by most of the pollen spectra of Pacific Northwest peat
profiles, with the exception of those in proximity to Puget Sound. Some peat
deposits, however, record more definitely a dry, warm period, succeeded by
a slight inerease in moisture in more recent time. In a bog near Spokane,
Washington, located in a western yellow pine climax. a sharp inerease in
the proportions of grass, chenopod, and composite pollen about one-third the
way upward in the profile signifies the occeurrence of a hot, dry eclimate
(Hansen 1939b). These species were later replaced by forests consisting
largely of yellow pine, suggesting a return of a moister and cooler climate,
which persisted to the present time. Lake sediments in the Upper Sonoran
life zone of east central Washington record relative trends of forest and
grassland suecession that depict a gradual drying and warming to a maxi-
mum, followed by some cooling and greater precipitation (Hansen 1941e).
Pollen analyses of four profiles of lake sediments from Lower Klamath Lalke
of southern Oregon and northern California also denote the development of
a xerie period, followed with an increase in moisture (Hansen 1941¢). The
evidence offered by the pollen profiles is further corroborated by the oceur-
rence of artifacts underlying from 6 to 8 feet of fibrous peat (Cressman
1940). The wide distribution of the artifacts over hundreds of square miles
of the exposed fossil lake bed marks the drying up of the lake and the occu-
paney of the lake bed by early man between 7500 and 4000 years ago (Antevs
1940). The salinity of certain lakes in the Great Basin is also supporting
evidence for the oceurrence of a xerie period during the postelacial. The
present salinity of these lakes is such as to have required not over 4000
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vears for its development (Antevs 1938). The lakes had their origin in the
Pleistocene, dried up during the post-Pleistocene, and their precipitated
salts were removed by deflation or buried. The present lakes were reformed
in their freshened basins about 4000 years ago (Antevs 1940). The drying and
reforming of these lakes seem to be closely correlated with the disappearance
and rebirth of most of the western mountain glaciers. Evidence shows that
the existing glaciers in the Sierras are not remnants of the Pleistocene gla-
ciers. but those that came into existence only a few thousand years ago
(Matthes 1939). Their recession and readvance apparently have been more
or less synchronous with the drying and rebirth of the lakes of the Great
Basin. Pollen profiles from eastern North America also designate a drying
and warming to a maximum, followed by a somewhat cooler and moister
climate (Smith 1940).

SUMMARY

Three profiles of lake sediments in the Lower Willamette Valley of west-
ern Oregon record an interesting and significant trend of post-Pleistocene
forest succession by the forest tree pollen recorded therein. The depth and
pollen spectra of the Onion Flat profile suggest that sedimentation was
initiated in early post-Pleistocene, and that it records adjacent forest suc-
cession from the Pleistocene almost to the present. An unknown thickness of
the upper sediments has been removed in all profiles, due to drainage and
cultivation. The Onion Flat profile probably represents a longer period of
time for its deposition than the Lake Labish profiles.

The earliest recorded forests of the Willamette Valley and adjacent
slopes of the Coast and Cascade Ranges consisted largely of lodgepole pine,

Sitka spruce, and lowland white fir. This is extremely significant, because
the first two species are seemingly absent from the Willamette Valley at
present. These initial postglacial forests were slowly replaced by Douglas fir,
which in turn was replaced to some extent by white oak. Douglas fir shows
a general increase upward in the profiles with white oak, which supersedes
the former in the upper levels of the profiles. Oak declines to the top after
it attained its maximum, and Douglas fir resumed its predominance to the
uppermost level.

Climatically this trend of forest succession denotes a long period of
moist conditions with considerable instability of the edaphic and physio-
graphie conditions. The latter conditions are suggested by the persistence of
lodgepole pine as indicated by the presence of its pollen in abundance in the
lower two-thirds of the Onion Flat profile. As the influence of recent glacia-
tion waned. the climate became warmer and drier, as is evidenced by the
invasion of Douglas fir, followed by that of white oak. The xeric period
reached its maximum during the period of oak predominance. The climate
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became moister and cooler during the latter part of the postglacial. The
small amount of western hemlock pollen in the profiles indicates that the
initial edaphic and physiographic conditions were too rigorous for its exis-
tence. and later the elimate became too dry for its development to any great
extent. The evidence for this c¢limatic trend is more definite in this study
than that offered by other pollen profiles west of the Cascades. Evidence for
a similar dry period is present in peat profiles east of the Cascades in Wash-
ington and Oregon. These climatic interpretations are also supported by
anthropological and geological studies in the Great Basin.
DEPARTMENT OF BOTANY, OREGON STATE C'OLLEGE
C'orvALLIS, OREGON
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