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I. "TRODUCTION

There are in Pierce and Thurston counties of Western Washington
large areas of open land that have been known for cver a ceaiury
as "prairies". To find such grass- and forb-covered tracts in the
rnidst of the Humid Transition (Piper, 1906) forests of the Puget
Sound basin is both unexpected and puzzling. Thus, these grasslands
present intriguing problems in floristics and ecology.

According to Curtis (1959) and Conard (1952) the term prairie
originated with the early French voyagers. Conard reports that the
word 1s still in use in France and Quebec meaning a grassland. These
early explorers had no other term in their vocabuwlary which would
apply to the vast grasslands of central North America. The term
"prairie” has been used for many years to designate a wide range
of vegetational and topographic situatlons. The usage of the ternm
is usually loose and vegue, and as Conard (1952) points out, its use
veries from one locality to ancther. In Iowa the true prairie is
one dominated by a particular phytosociological association (Conard,
1952). 1In Wisconsin (Curtis, 1959) a prairie is considered an open
area covered by low growing plants, dominated by grass and grass-like
species, one-half of which are true greasses, with less than one tree
per acre. The student of fhe prairie or grassland develops his
own definition of prairie, based on the type of soil, the amount of
precipitation, and the daminant species, or same combination of
these three features.

The term prairie is not correctly applicable to the grasslands
of Western Washington if the defining features of soil, rainfall,

and species camposition are taken into account. Prairie, however,



seems to be the most popular name. The early travelers and
explorers referred to these grasslands as prairies probably because
they, like the French voyagers, knew no other term which would
adequately apply. The compilers of the Land Office Survey of the
1850s also called them prairies. At the present time the latest
edition of the U. S. Geologic Survey maps (1958) refer to these
open treeless grasslands as prairies, e.g., Mound Prairie, Ruth

irie. Because of the previocus local usage, and the current
generalized mature of the term, I see no difficulty in continuing ’
to call these tracts of grassland vegetation "prairies"”.

Whenever the word "prairie" is used in this thesis, it is in
reference to the grasslands of Western Washington which have been
formed upon the gravelly outwash plains of the last major Pleistocene
glaciatioa.

When a botanist views these exteasive grassy flats for the
first time, he is bound to frame a number of questions pertaining
to the nature and origin of such vegetational nonconformities. One
of the most striking features is the apparent encroachment upon the
prairies by Douglas fir. How long has this invasion been taking
place? Were the prairies always in this state of flux, the Douglas
fir oever having been able to enter the prairies? If this is the case,
what prevents the firs from eliminating the prairies? Is this a
recent invasion Dby the Douglas fir? If this influx is recent, what
caused it?

Other questions come to mind. What has been the successicnal

pattern of the vegetation for the past 10,000 years since the
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withdrawal of the Vashon Glacier? Could 1t be that these prairies
have been forested at same time in their history? Could the
nonconformity be for climatic or pedologicel reesons?

Certain genera such as Balsamorhiza, Sisyrinchium, Zygadenus,

Camassia, Dodecathecon, Lomatium and perennial Festucoe are repre-

sented ca the prairies. The species of these genera are usually
elements of Eastern Washington and southern floras. They are uausual
for the Humid Transition forest west of the Cascade Range. Whay are
thesc genera present? What factors have acted upon this habitat

to give them their characteristic vegetation patterns:

The historiczl approach has been chosen us a means of seeking
the possible answers to these questicns. By the historical approach
is meant a search through the recorded humen history of the region
for descriptions of the vegetation at various periods. From this
record ‘it should be pcssible to find changes in vegetation patterns
and to infer some of the environmental causes of the changes.

Little botanical research has been done on the area. Piper
(1906) wes the only person to treat the floristics of the area in
any detail. Jones (1936) dealt with the gravelly prairies of Mason
County. Rigg (1918), Hansen (1947), and Becking (1957) briefly
discuss the prairie vegetation. There has been no significant
ecological work done on the prairies of Western Washington. There
are two papers on the soils, (Nikiforoff, 1936 and Renny and
MacLauchlan, 1957). There is also an interesting paper on the

effect of vegetation upon soil of the Quillayute Prairic in Clallanm



County (Lotspeich, et al, 1960). Local and regionul histories and
miscellancous erchives provide the richest sources of general
views of the prairies and surrounding forest since the beginning
of the 19th ceatury.

Rather than attempt a superficial coverage of the entire
prairie formation in Western Washington, I am restricting the study
mainly to the Wier Prairie in Thurston County, Weshington. This
relatively undisturbed sample is typical of the grovelly prair%es;
other gravelly prairies aof Western Washington lie in similar glacial
outwash and are under the influence of the same macroclimatic
phenomena.

Cain and Castro (1959) have emphasized in precise terms how
broad the scope of a primary survey should be. They felt that an
investigetor should consider not only what tekes place but also
why the observed patterns exist. Often a more significant gain
from the preliminary survey is the unearthing of problems and their
formulation in precise terms so that they may be studied more
efficiently later. It is hoped that this thesis approaches both

goals.
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II. PHYSICGRAPHY
The gravelly prairies of Western Washington are situated in
the southern end of the Puget Sound basin (see Figure 1, p. 5).
They camprise scme 168,000 acres in Pierce and Thurston Counties

(Renny and MacLauchlan, 1957).

Geology and Topography

The geologic events of the Cenozoic Era were important in
the development of the topography and vegetation of the prairies
of Western Washington. During the Eocene period, the Black and
Bald Hills were formed. Later in the Cenozoic, during the Oligocene
and Miocene, volcamnic activity began which led to the formatioca of
the Cascade Mountains. The wvulcanism has continued to the present
time; Glacier Peak erupted ©,70C years ago, and Mount St. Helens
erupted in the early 19th century. The formation and upliift of the
Coust Range and the Cascade Mountains gave the region the major
topogrepuic features that affect the present climate.

The Pleistocene was a period of alternating glacial and non-
glacial intervals. The final glacial periocd gave the preiries
their characteristic topography. The topography has been modified
somewhat by post-glacial erosion. The sequence of glaciaticns
during the .Pleistocene in the Puget Sound lowland has been divided
into four major glacial periods (Crandle, Mullineaux and Waldren,
1958). The three earlier glaciations and their nonglacial intervals
had no effect upon the present vegetation because deposited material

of the last glacier, the Vashon, coupletely overlays products of the



earlier glaciations. The only exposures of the previous glacial
deposits are on erosion escarpments and on bluffs along Puget
Sound. The preoiries were formed upon the glacial outwash plains of

the Vashon Glacier.

Wier Prcirie

Wier Prairie is in central Thurston County, one and one-half
miles north of the town of Reinier near the intersection of the
Fourth Standard Parallel and the Willamette Meridian in sec. 1,
T16N, R1W; sec. 5, {6, T16N, R1E; sec. 25, 26, T1TN, R1lW; sec. 30,
31, 32, 33, T17N, R1E. It is about 1,380 acres in extent.

To the south and southeast of Wier Prairie is glacial material
which is ground and terminal moraine. The Bald Hills are about
three miles to the south and may be considered an eact-west
extension of the Cascade Mountains. Low hills of terminal morainic
material pitted with what appear to be glacial kettles surround
the area fram the southeast to the northeast (Bretz, 1913). To
the north are forested hills of outwash material. The northwest
boundary of the prairie meets another range of morainic hills.

The westera edge of the prairie is bounded by the Deschutes River.
Aun erosion escarpment sbout 50 feet high marks this Loundary.

The prairie is located on three different levels, each level
a terrace of the same gravelly plateau. The highest level,

+ 500 feet, slopes to the southwest. To the north the second level
of the prairie is 50 feet lower. The third prairie is at an

elevation of about 4OO feet. There are steep north-facing forested



slopes between the terraces.

The Wier Prairie is in the drainage system of the Deschutes
River which runs north into Puget Sound. There are no permaneat
streams on Wier Prairie; most of the drainage appears to be
internal. There are no lakes or bogs in the prairies like those
near the prairies at Roy and Spanaway in Pierce County. There are,
however, numerous small la.kgs and bogs in the generzl vicinity,
lying in pockets of ground and terminal moraines to the northeast

and to the north.



III. VEGETATION

Prehistoric Vegetation

The post-glacial forcest succession on the Wier and other prairies
in the Puget Sound basin begins with the recession of the Vashon
Glacier. Radiocarbon dating of basal peat in the scdiments of Lake
Washington (King County) places the minimum date for withdrawal of
the Vashon ice sheet at 13,650 years ago (Rigg end Gould, 1957).

The glacier receded at its southern Lorder before this time. Iy
analyzing vertical boring of peat bogs for pollen contert, it is
possible to make some conclusions concerning post-glacicl forest
succession. Pollen studies of post-Pleistocene bogs are the only
good source of information concerning the surrounding vegetation from
the initiation of the bog to the beginning of humon exploration at
the start of the 19th-century.

The interpretation of pcllen profiles however iavolves many
variables which should be recognized before serious conclusions
may be reached. Good discussions of the dangers of misinterpreta-
tion of pollen profiles are given by Voss (1934), Sears (1930),
acd Cain (1939).

Hansea (1947a, 1947v, 1938) excmined ten peat bogs in the Puget
Sound basin. Bogs ot Rainier, Tenino, Olympiez, and Porkland are of
interest to us Decause of their proximity to the prairies. Three
bogs lie near the Wier Prairie, and a fourth is on the prairie at
Parkland. Pollen analysis of these four bogs gives a picture of the

forest succession adjacent to the prairies.
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The Rainier bog is located a few miles north of the town of
Rainier, Thurston County, Washingtcn, and about ten miles northeast
of Tenino. The analysis of the bog shows a high percentage of

Pinus contorta pollem at the base of the bog. At the time of the

deposition of the Glacier Peck volcanic ash layer, 6,700 years ago
(Rigg and Gould, 1957), the P. contorta had been replaced by

Pseudotsuga menziesii. At the same time, traces of Quercus and

Pinus ponderosa pollen had begun to appear. In the section of the

profile above the ash, the Pseudotsupa menziesii reached its peak

and began to decline. This was accanpanied by a rise in the
percentage of Tsuga pollen.

The Tenino bog is located in a depression near the top of a
small hill of glacial drift in sec. 18, T1ON, R1W, one and one-half
miles north of Tenino in Thurston County. The profile shows at its

base a high percentage of Pinus contorta pollen. As its percentage

decreases, the per cent of Pseudoisuga pollen increases. Above the

ash layer, low percenteges of .uercus and Pinus pondercsa pollea

appear. -Absence of the hemlock is due to low summer precipitation
(Hansen, 1947a).

A few miles south of the city of Olympia is a bog which shows
pollen distributions in its profile similar to the other two without
Quercus pollen. According to Hansen (19472), the Western Hemlock
falled to supersede the Douglas fir because of the gravelly soil.

The fourth bog is located in secticns 7, 8, 17, 19, T19N, R3E

in Pierce County one mile west of Parkland. The profile is similar



to those of the threec bogs in Thurston County. The lodgepole pine
acain was superseded by the Douglas fir just berore the depositica
of the ash. This was accompanied by an increase in the amount of
oak, grass, and camposite pollen.

The reservations regarding the reliability of pollen sampling
make it possible that the prairies were never forested and that the
pollen of-the various species was blown to the bog or that the trees
grew in the vicinity of the bog. Though there is little doubt that
the oak was not cammon, it is possible that its representation in
pollen profiles is not indicative of its true abundance. A probable
sciheme of succession is as follows: The first invading species was

Pinus contorta. This species is well suited to the conditiouns at

the fluctuating, but gradually retreating, ice front (Hansen, 1947a).
Anmcng its attributes are its ability to bear seed at an early ege,
its prolific seed production, end its wide range of soil tolerances.
Shortly vefore the deposition of the Glacier Peak ash, the Douglas
fir increased for a period of several thousand years. At about

the time of the Douglas fir peak, the grasses, ccmpositces, and

oak became better established in the area. The prairies, today,
probably look much as they did then, but they were much more exten-

sive than at present.

Prairie Vegetation During Recorwed History

A picture of the prairie vegetation during the 18th century can
be reconstructed from the writirgs of early settlers and explorers

in the region.
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Early recorded observations of the vegetation are in diaries,
Journals and recollectioﬁs of older residents, early settlers, and
explorers. In most cases the observers were not truined votanists.
Their gencralizations about the vegetation could not give an accurate
account from a botanical standpoint. Fortunately, however, several
exploring expeditions, such as the Wilkes expedition and the Stevens
Railrcad survey, employed trained botanists who described the
prairies and expressed stimulating ideas about them.

In assessing the recollections of the early settlers, caution
must bé used. Their reminiccences micght be exaggerated because of
the passage of time since the cbcervations were made. However, if
considered carefully, the reminiccences prove to be valuable
sources of informatiom.

The men who wrote these accounts were drawn to the Pacific
Northwest for several reasons. Firsti, there was the ectctlishment
at Nisqually of the Hudson's Bay Company Fort. Second, there were
the nurerous exploring expeditions sent to investigate the various
potentials of the Northwest. The third attractica was that of
settlement. Many of the early immigrants came up from the Willamette
Valley in Oregon. Same were brought dowa from the'Red River
Territory, Canada, by the Hudson's Bay Company. The fourth motive
wes to collect plant materials for horticultural use; the most
praminent collectors were the Scotsmen, Architald Menzies, vid
Douglas, and John Jeffrey. Of these, only the latter reached the
prairies.

One of the most vaeluable documents found was the transcript of
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the settlement between the Puget's Sound Agricultural Company and
the United States government. However, the record rust be ascessed
with caution because of the probability of bias on the part of
witnesses.

In order to correlate the events and observations with dates,
a chronology is presented. The dates do not represent all of the
important events in Northwest history. Only those events which
kave been important in the development of the prairies are mentioned
here. The dates go only to 1917. Man had wrought the most

significant alterations since the Vashon glaciaticn by 1917.

Dates and Events (Meeny in Leighton, 1918) and Judson, (1913)

1792 Vancouver Expedition

1825 Establishment of Fort Vancouver on the Columbia River

1827 Establishment of Fort Langley ca the Fraser River

1832 Esteblishment of Fort Nisqually

1839 Establishment of the Puget's Sound Agricultural Company
at Nisqually

1840 Axrivael of missiomaries at Nisqually

1841 Wilkes' expedition and first American overland emigration

1845 Settlement at Tumwater ;

1849 Establishment of Fort Steilacoom

1853 Stevens' exploration or the Northern Pacific Railway

1869 Settlement between the United States and Hudson's Bay
Campany, Puget's Sound Agricultural Company

1898 First military use (Spganish American Weyr)

1917 ZEstablishment of Fort Lewis by the United States Army
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Nisqually Pleins. Archibeld Menzies was one of the [irct

botanists to reach the Northwest coast. Ile wos attached to the
Vancouver expedition of 1790 to 1795 cs the surgeon and naturalist.
In 1702 the expedition made a thorough exploration of Puget Sound.
On May 23, 1792, Menzies states (Newcambe, 1923) that they reeched
e large bay so flat and shallow thot they could not approach near
the shore. This, according to llewecombe, was the mouth of the
Nisqually River. The expedition aguin pasced the Nisjually River
on May 2¢ of the seme jyear without disemcerking. This wes as
close cs Menzies came to the preiries.

David Douglas, the celebrated Scottish botanist, made two
excursions to the Northwest coast. The first was during the years
1823-1827. On his first trip he mede an arduous jowrney up the
Chehalis River in November of 1825. This was as close as he got
to the region of the Nisqually Plains (Royal Horticultural Soc.,
1959), until his second trip during the years 1829-1833.

In early Pebruary of 1833, Dougles undertook a journey to
Puget Sound. During this trip his object was to determine positions
of headlands along the coest and zltitudes of mountains in the
interior. He collected 200 species of mosses and some algae (Hooker,
1836). Very little is known of this trip for shortly thereafter
all but & few of his records were lost in the rapids of the Fraser
River. It is possible that Douglas did reach the prairies for
irchibald McDonald, an employee of the Hudson's Bay Company, wrote:
"Early in March, 1833, he Douglas met me at Puget's Sound, and we

returned together to Fort Vancouver" (Hooker, 1836).
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The earliest description of the prairies was that given oy
Dr. William Frazer Tolmie during his residence at Fort Nisqually
while in the employ of the Hudson's Bay Compaay ia 1833. 1In
August of that year he recorded in his diary:

Had a long walk cu the prairie in the afternoon and ceme

upon a portion new to wme where winding elcvetions car-

peted with young ocaks and trake and clothed with pines

are not unfrequent. Marshy hollows were also formed of

small extent (Tolmie, 1633).

Oa his trip to Mount Raianier he again gives & description in
his journal. "The shade of a lofty pine Leautifully interspersed
and surrounded with oaks and through the gaps in the arci we see
the broad plain extending southward to the lisqually." ILater, on
the same trip: "The poiunt of wood now beceaue troader and the
intervening plain degenercted into prairie."”

In 18041 the United States Exploring Expedition reuched Puget
Sound under the command of Charles Wilkes, U. S. N. With the
expedition were two botanists, Dr. Charles Pickering and }Mr. W. D.

Brackenridge. Both Wilkes and Brackearidge have described the area

about rort Lisqually in sauc devail.

Upon arriving in May 1041, wilkes made the following description

(Wilkes, 1O44):
The snore rises abruptly, to & heigat ol about two anundred
feet, and on the top of the ascent is an extensive
plain, covered with pine, oak, and asn urees, scattered
kere and there so &s to form a park-like scene.
The mission house visited by Wilkes was said to be located on

the borders of an extensive und beautiful prairie. Iater he stated

that



g

1o

The best land occurs where the prairies are intersected

or braken by belts of woods, that have a dense under-

growth, consisting of Hazel, Spirasea, Cornus, and Prunus.

On the borders of the belts are scattercd oclis and sane

ash, arbutus, birch, and poplars, and in some places yew

is to be found; but the predaminont character of the

vepetation is of the tribe coniferae.

While &t Nisqually the expedition broke up into smaller groups
each golng to a different area in the Northwest. Wilkes went south
across the pralries to the Cowlitz holdings of the Hudsoun's Bay
Company. Along the way he described the character of the country.
Leaving the Fort he stated: 'The direction of our route was nearly
south over the plain, passing occasionnlly a pretiy lawn, and groves
af cak and asn trees.” At this point the group crossed the Iliisqually
River. The country on the other side he described as follows:

"Our route then coantinued through most beautiful park scenery, with
the prairie now and tbhen opening to view, in which many magnificent
pines grew delached. The prairie was covered with a2 profusion of
flowers." Socn the Deschutes River was crossed, and the group
camped. Upon leaving the campsite Wilkes wrote, 'The park scenery
increased in beauty.' From this point on the group left the region
under consideration, though he reported extensive prairies which he
called "Cammass plains" on the way to the Cowlitz farm.

Brackenridge, one of the two botanists on the expedition, also
nad muca o say considering the yenercl aspect of the prairie and
its vegetation. On May 13, 1041, shortly after tle expedition's
arrival, he wrote: "Fort Nesqually sic, lays inland a good half
mile from the Bay on the pleins or margin of the extensive prairies

waich stretch back into the interior 15 or 20 miles" (Brackenridge,

1931). Brauckenridge continued:
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The plains were at this scason one complete shect of
flowers, principally of the following genera: Ranunculus,
Scilla camass , Bartsia, Balsamorhiza, Lupinus, Collinsia,
with many other small annucls. These plains ure inter-
sected with and broken in upon by belts or clumps of

Spruce trees, with a dense undergroth {sic  of Huzel,

Cornus, Spirsca, and Prunus, with a few scattered ocks

which stud the plains.

The next day he made a trip out on the plains where he "fell
in with two species of Populus, a birch and an Arbutus, perhaps
A. tomentosa, Arbutus = Arctostaphalos uva-ursi and a small
Ledum, the latter rare the former ebundant in boggy places.”

Shortly after this he and several others went on a journey to
the interior or Washington. May 20 he observed sceveral specimens
of a large pine, the height of which he estimated to be 130 feet.

"The habit of this pine resembles that of Pinus resinosa more = than

eny other that I know.” (The pine was Possibly P. ponderosa which

is found on the prairies near Spenawey on the route that he might
have taken to the interior).

There are many similarities between the journals of Wilkes and
Braeckenridge. Wilkes, not trained as a botunist, possibly asked
Brackearidge to identify the plaonts which he saw.

Sir George Simpson in his narrative of a journey round the
world tells of what he saw of the prairies. He states that the
country betweea the Cowlitz River and Puget Sound "consists of an
elternation of plains and belts of wood" (Simpson, 1847). "Beyond
the Checaylis sic to the north the plains become more exten=-
sive." As he approached the Nisqually River, he noticed the Mima

Mound phenomenon which has ceught the fancy of meny people since.
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"We passed over & space of ten or twelve miles in length, covered
with thousands of mounds . . . Whatever has been their origin,
they must be very cncient, inasmuch as many of them bear large
trees." Describing the Nisquelly arca Simpson said that "on the
borders of an arm of the sea of about two miles in width are
unduleting plains of excellent pasturage presenting a pretty
variety of copses of oak and placid lekes and abounding in
Chevreuil and other game."

In May 1850, John Jeffrey was hired by a group of Scottish
botanists and horticulturists to go to the Pecific Northwest and
collect plants along essentially the same route as that followed by
David Dougles. Jeffrey signed a three-year contract with the group.
Cne of the stipulations of the coutract was that he keep a diary of
nis travels. The diary has never been found, and it is possible that
it was never kept. All that is known of his travels is from a few
letters and the few specimens that he sarchow managed to return
to England.

James Douglas at FPort Victoria wrote to John Ballenden, Chiel
Factor at Vancouver, on May 21, 1852, that John Jeffrey was "on the
eve of proceeding om his professional pursuits by way of Nisqually
and Cowlitz."

We know that Jeffrey reached the prairie because he collected
plants there from June 7 to 13, 1852.

Thecdore Winthrope briefly described the prairies in an account

(1862) of his trip across the Cascade Mountains. "First through an
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open forest, sprimkled with lakes and opening into great prairies.”
He went on to say, "This rough way would be enlivened by & pruirie,
with beds of fern for my revosc, and long ¢rass for my tiring
beosts--grass long as macaroni. I rode on, now under the low ouks,
now over ripe prairie.”

Dr. J. G. Cooper, camected with the Stevens Survey of the 48th
Parallel, was the next botenist to reach the prairies. Of the
proiries he said {Cooper and Suckley, 1859):

Tre smooth prairies, dotted with groves of ocks, which

in the distance look like orchards, seem so much like

old farms thot it is hard to resist the illusion that we are

in a land cultivated for hundreds of years, and adorned

by the highest art, though the luxuriant and brilliant

vegetation far excels any natural growth in the East.

Nothing seems wanting but the presence of civilized man,

though it must be acknowledged that he oftener mars than

irproves the lovely face of nature.

Prairies are of'ten visible to the waters edge, inter-

spersed with evergreen forests and extending as an elevated

platecu to the Lase of the ruyged and snowy mountains
that rise like walls on the east and west.

Cooper menticns the encroachment upon the prairies by Douglas

fir. Speaking of Quercus garryana, he says, "they belong to the

prairies and are being crowded out by the extension of the spruces
over them." Continuing his description of the prairies he wrote,
"Scattered over the surface are rounded hills, looking like islands
in the level plain, and covered with groves of the usual fir, which
sametimes grows on the slopes of the terraces" (Cooper, 1859).

On August 10, 1853, Lieutenant William Trowbridge made a trip
from Fort Steilacoam on Puget Scund to Cowlitz Landing. About this

trip he seys (Trowbridge, 1853):
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Our road from steilacomb sic | to Fords lay for the

greater part of the way across prairie land with pine

and oaX trees dotted here und there, in groves and stand-

ing alone, so as to present the most beautiful pictures

to the eye that can be imagined, but the poor soil

prevents their cultivation and their beauty is spoiled

in the imegination by the knowledge of their worthlessnecs.

He further states that the plains on the west side of the river
were of the same character as those on the east side.

Reminiscences of pioneers have been used sparingly because they
may not be accurate. Two sources, however, offer evidence that the
Douglas fir forest was encroaching upon the prairies in the 1850s.

The first of these is from the writings of Ezra Meeker (1907).

An interesting feature of the intervening space between

the old and the newer fort Fort Nisqually is the dense

growth of fir timber averaging nearly two feet in diameter

and in some ‘cases fully three, and over a hundred feet

high on what was prairie when the early fort builders began

work.

This o0ld fort was founded in 1833, Meeker made the above
observation in about 1903. During the next 70 years, there was &
great invasion by Douglas fir. ". . . One of the many little
prairies boldly thrust itself over the almost precipitous hillside
20 years ago, today it has been driven backward a full mile by a
growth of firs.

Another pioneer, James Sales, bora in the area in 1853, also
notices the change in the prairies. Quoted from Huat (1916) he
says "that when he was a boy there were almost no fir trees. Only
occasional patches of ozks broke the open vistes."

In 1863 after the United States had taken the area to the 5kth

Parallel, the Hudson's Bey Company and the Puget's Sound Agricultural
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Company filed claims fof settlement against the United States for
these holdings in United States territory. The settlcment was
determined by a Joint cammission of Britein and the United States.
In the course of the hearing some interesting evidence was presented.
In 1852 a map of the Puget's Sound Agricultural Compeny's holding
at Nisqually was compiled. It showed the distribution of forested
ereas and prairles et that time. Though the map is not accurate
due to crude surveying methods, it does give a reasonable picture
of the distribution of forest end prairie. This map, somewhat
modified, has beean reproduced in Figure 2, p. 22. For the purpose
of orientation, I have shown present-day localities which did not
exist when the original map was made. Figure 3, p. 23, shows the
present-day distribution of forest and woodland. Camparisons of
the two maps give a graphic picture of the change that the prairies
have undergone.

The investigation of the joint ccmmission also included question-
ing of many witnesses, local residents, employecs of the claimants,
and people who had knowledge of the area. The majority of the
questions was asked in order to discover the actual value of the
holdings of the company (British and American Joint Comm., 1868).

The testimony of one witness, Stephen Judson, criticizes the
map as follows (British and Americen Joint Comm., 1868):

Guestion: What is the number of oak trees per acre?

Answer: I should say, taking the claim altogether, about

three ocex trees to the acre.

Question: Is not the oax timber scattered over large

portions that ure marked as prairie on t@e map? | This

is the map fram which Figure 2 was made.
Answer: It is.

-
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Judson's opinions suggest that the plains were not as evtensive as
shown on the man. He was the only witness who felt that the map was
not a fair representation. However, since the map wns made some ten
years before the hearing, I am led to believe that it pave a reason-
ably accurate picture of the vegetation. Even if the prairies were
smeller thon the map indicates, the vegetational change, through
the encroachment of the Douglas fir torest, is still striking.

The following description of the prairie was given in & letter
to the Commissioner Genereal, iana Ci'f'ice, Washington City, D. C.,
written §y James 'l'ilton, Surveyor Generul, Washington Territory
(British anda American Joint Camn., 188 ):

The Nisqually claim consists o a very extensive nlain,

peing penerally prairie, with arable lanas upon the bottoms

or low swales or the prairic; but its general character
is not rertile. it is considerea camirably adopted to

the raising or cattle and sheen: meh of the land 15 2lso

suitaovle ror grain. ‘he vrairie is very irregular in

shape, has many belts of timper in and rmunning through
1t, and a growth of small oaks of excelleat quality for
nipbuilding is thinly scattered over it.

‘ne claim as defined by the man, contzains zbhout 107,
acres, of which about 80,000 acres is prairie or oak oven=-
ings, and the rest a densc forest of fir, cedar and other
conir'erous woods.

Wier Prairie. The nistory of the Wier Prairie is somewhat more

obscure than that or the prairies in Pierce County. Thomas W.
Glascow and Thamas Linklighter took up claim there in 1847.
According to Rathbun (1895) the settlewent of the prairies did not
really begin until the organization of Thurston County in 1852.

T. B. Speek also resicded on a farm on the Tenalquot Plains, as Wier

Prairie was then called.
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The best sources of information about Wier Prairie are the
Land Office Surveys. The surveys in the areca were run over a
veriod of several ycafs, 1851, 1853, 1855. The spread of dates is
due to the method used. When a survey of an arca was {irst run,
the range and township lines werc placed. Then the surveyors
returned to each township and range to do the sections. From the

ta given by the surveyors and {rom the plots coripiled by them,
I compiled a map showing the distribution of forest and prairie.
This map was checked by comparing it with the distribution of the
soils. I one assumes that soil of the Spanaway series originally
supported prairie vegetation and that the Douglas fir invaded the
region from other soil types, the forest border of the 1850s
coincides fairly well with the distribution of the soil. In most
caces the forest border and the distribution of soils show that
invasion started some time prior to the survey. The topography
also correlates fairly well; that is, north-facing slopes and rough
topography were forested then as now. The drafting of the map was
not too difficult because the surveyor, as he traversed the sectiom
line, made note of the distance to the section cormer when he passed
from prairie to woocdland or woodland to prairie. The use of Land
Office Surveys is valuable in determining the nature of the vegeta-
ticn at the time the survey was run. For the use of surveys in
the reconstruction of vegetation, the reader is referred to work
by Bourdo (1956), Kilburn (1359), Kenoyer (1929, 1939, 1942), and

Habeck (1961).
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As Kilburn (1959) points out, the accuracy of the map compiled
from Land Office Surveys decreascs proportionately with the distance
from the section line. This is because the surveys did not trans-
verse the interior of the section. The forest boundaries were
douotless drawa in by inspection. Thus, the map I have compiled
is not as detailed as desired. IHowever, it can be used to campare
recent (1850 to the present) changes in the distribution of vegeta-
tion. The originals of Land Office Surveys are on file at the U. S.
Bureau of Land Management, Spokane, Washington. The present map
was counstructed fram microfilmed copies of the originels located
at the Bureau of Maps and Surveys, Department of Natural Resources,
Olympia, Washington.

The map showing present-day distribution of forest and prairie
was drawn from Soil Conservation Service aerial photographs taken
in 1953 and 195k.

In 1943 the United States Army ordered a 'declaration of
taking" and added the Rainier Training Area to their holdings
(Honsen, 1961). This region included portions of the Wier Prairie.
All records of land ownership, even those of the Tax Assessor's

office, in this region are missing.

Present Vegetation

The vegetation of the Wier Prairie mey be assigned into four
major zones: (1) the prairie, (2) the ocak woodland, (3) the Douglas

£ir, (4) the transitions between the prairie and the oak and Douglas
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fir zones. The transition zones are designated as ook transition
and Douglas fir transition.

Indices of species frequency were compiled for prairie, oak
woodland, Douglas fir transition, and ook transition (Tables 1,
p. 3%, 2, p. L1, 3, p. 50, 4, p. 52). Sampling of the Douglas fir
zone wes omitted because there was no duplication of species of
this zone with the other zones. The purpose of the sampling was
to quantify recognizable changes in frequency of the commoner
species found in all four zones.

The method was as follows: In 1960 and the spring of 1961
plants of the area were collected, and a list of species growing
on the prairies was compiled (see Appeandix, p.102). The vegetation
samples were taken June 3 at a time when both the early and the
late-blooming species were  identifiable. The zones to be sampled
were selected with the aid of an aerial photograph. Three separate
areas were'chosen in each zone. Within each zone 20 tosses were
made with a wire hoop of 0.2Y square meters in area thrown at
random. This method of sampling was besed on the frequency analysis
technique of Raunkiaer (Phillips, 1959). Only species rooted within
the hoop were counted. An analysis of voariance of the mean of the
total number of hits showed that the samples from each of the zones
were from four different populations. There were no significant
differences in the three samples of each area, so they may be cousid-
ered random.

Upcn first examination the prairie appears to be ccomposed
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predaominently of grasses. Woen looking across Wier Prairie, onc

sees meinly Pestuca idehoensis*, with occasional colonies of Poa

pratensis on small raised hummocks. Looking more closely, Aira
———— e ———

caryophyllea is a common and abundant species cmong its larger

neighbors. Without much searching Panicum paciricum could be found.

Two grass-like species, Carex inops and Luzuls multifllora, were also
found.

The teall prairie grasses in the spring hide a variety of forbs.
The most frequently encountered forb is the weedy adventive,

Hypochaeris redicata. Scotch broom, Cytisus scoparius, is the only

camnon sarub. It is most common on the upper prairie (see Figure 10,
p. 36). Figures 7-12 show the general nature of the prairie vege-
tation.

The vegetation of the prairie changes markedly following
disturbance by grazing and the United States Army. Certain small
areas of Wier Prairie contain what I would consider the original
prairie vegetation. Those few weedy species present in such arees
seem to bec growlng with difficulty. The present remnents of what
may have constituted the original prairie vegetation are composed of

bunches of Festuca idahoensis. The intervening space is covered by

a thick layer of Rhacomitrium canescens (see Figures 13 and 1&,

p. 38); Carex inops and occasionally Luzula multiflora grow through

the moss cover. Forbs such as Dodecatheon herdersonii, Camussia

*Authorship of species given in species list in the Appendix, p.lO2.
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quamash, Saxifrarme integrifolia, Sisyrinchium idohoense, Armeria

maritima, Viola adunca, V. praemorsz, sygadenus venenogus,

Balsamorhiza deltoidea also grow up through the moss. These forovs

appear to be adapted to existence in a thick moss cover as their
leaves cxtend above the moss. The original prairie must have been
a closed community with a high resistance to invasion by weeds.
This is indicated in the photograph of the relic of the origingl
prairie vegetation on page 39, Figure 15. Hypochaeris pictured
here typically grows with its basal leaves flat on the ground. In
the thick moss of the original prairie it produces its leaves in
funnel-like rosettes in the moss. The fewer specimens of Hzggchaeris
radicata and other weeds on the relictual sites indicate the closed
nature of the original cammunity. Wherever the moss cover has been
disturved, the frequency of weedy species increases. Figure 9,

page 30, chows Agrostis diegoensis in the disturbed moss. The

parallel strips of A. diepoensis are growing in the tracks made by

a vehicle.
The aspect of the prairie changes with the season. In early
spring it appears blue in color due to the great numbers of

Cemassia guomash in bloom. A4As spring progresses the color changes.

The earlier bloaming species die back, and the yellow and white
composites and Scotch broom flower. By the middle of July the
prairie takes on an arid eppearence. All the herbaceous vegetation
has dried up by this time.

The percentage of cover for all species computed fram a line
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transect was 72. This means that only onc quarter of the soil
surface g devoid of vegetation. The high percentage of cover
confimms the impression of the prairie vegetation as a closed
cammunity.

The vegetation samples of the prairie were taken at the
following locations: NW 1/4 sec. 32, T17N, R1E. Two samples in
the SW 1/4 sec. 33 were taken.

The major arborescent species in the oak woodland is the white

oak, Quercus garryana. An occasionel Douglas fir is wlso found here.

The shrubby species found in this zone are Cytisus scoparius,

Symmphoricarpus alba, and the repeat Arctostaphylos uva-ursi. The

herbaceous species of this zone are also present in the prairie
zone, but the frequencies are much different (Table 2, p. 41 ). The

three most frequent species are Carex inops, Festuca idahoensis,

and Frogaria brecteata. Arctostaphylos is the fourth most fre-

quently encountered species. Hypochaeris radicata was not

encountered here though it was prevalent in the other zones. The
time of flowering appears to be about the same in the several zones.
One of the last species to bloam in the ook woodland is Habenaria

unzslaoschensis var. elata. This species is restricted to the oak zone

and blocms during July. Figures 16-19, pp. 42-LL, show the vege-
taetion of the oak woodland.

Within the ock woodlend there are several old individuals
exnong the younger ocak trees (Figure 19, p. L4). Seedling ocak and

firs are occasicnally encountered in the woods beneath the older



TABIE 1

PRAIRIE ZONE, SPECIES FREQUENCY

SPECIES

Hypochaeris radicata
Rhacomitrium canescens
Aira caryophyllea
Carex inops

Festuca idahoensis
Polytrichium juniperinum
Lotus micranthus
Holcus lanatus
Trifolium dubium
Luzule multiflora
Hieracium albiflorum
Agrostis diegoensis
Teesdalia nudicaulis
Eriophyllum lanatum
Hypericum perforatum

Chryscnthemun leucanthemum

Festuce megulura
Plantago lanceolata
Microseris lacinatsa
Panicum pacificum
Prunella vulgaris
Danthonia californica
Rumex acetosella
Lomatium utriculatum
Zygadenus venenosus
Fragaria bracteata
Achillea lanulosa

Antennsaria neglecta var. howelliil

Apocynun androsaemifolium
Bromus mollis

Elymus sp.

Pca preteunsis

FREQUENCY (%)

85
5
L5
13
L0
37
28
23
22
21
16
15
13
15
10
11
10
10

HHEFHFFRPFFWFEFESEEFOGCOED
O\ G O O O O

SPECIES SPORADICALLY PRESENT BUT NOT COUNTED

Armeria maritima
Camassia quamash
Dodecatheon hendersonii
Fritillariz lanceolata
Lithophragma parviflora

Lupinus lepidus
Potentilla gracilis
Saxifraga integrifolia
Sisyrinchium idahoense
Viola adunca



Figure 7. View across the middle Wier Prairie.
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trees (Figwe 20, p. L5).

Douglas fir surrounds the prairie and oak woodland. The
Douglas fir forms so dense a canopy that there is little or no
undergrowth except along the inmediate border between the fir and
the prairie, where the canopy is open and lipght can filter through
(Figure 23, p. 46). The only arborescent species in these receatly

forested areas is Pscudotsuga menziesii. The shrub layer is

composed of Symphoricarpus albus and Osmaronia cerasiformis. The

herbaceous plants include Goodyera oblongifolia, Corallorhiza

meculata, and Sanicula crassicaulis. Some of the mosses are

Rytidiadelphus triguetrus and Eurhynchium oreganum.

As I walked from the prairie into old, well established Douglas
fir, I encountered a flora more typical of the Douglas fir under-

story. Trees such as Acer macrophyllum, "A. circinatum, Salix
g 2 2

scouleriena, Cornus nuttallii, and shrubs, such as Corylus corauta

var. californica, Holodiscus discolor, Amelanchier florida,

Gaultheria shallon, Berberis nervosa, B. aguifolium, Vaccinium

parviflorium are encountered. The species of the Douglas fir zone

do not penetrate the prairies. An exception to this is en occasional

individual of Sanicula crassiceulis in the Douglaes fir tr&nsition
zone (and of course Psecudotsugs). The most striking feature of this
zone is its sharp boundary at the edge of the prairie (Figure 22,

p. 46).

I subdivided the transition zone into the oak transition and



TABIE 2

QAK WOODLAND ZONE, SPECIES FREQUENCY

SPECIES

Carex inops

Festuca idahoensis

Fragaria bracteata
rctostaphylos uva-ursi

Cytisus scoparius

Hieracium albiflorum

Prunella vulgaris

Lomatium triternatum

Poa pratemsis

Danthonia californica

Holcus lanetus

Eriophyllum .lanatum

Eurhynchium oreganum

Microseris lacinata

Aira caryophyllca

Lotus micranthus

Polytrichium juniperinum

Rhacomitrium canescens

Ranunculus occidentalis

Rumex acetosella

Achillea lanulosa

Elymus

Geranium

Galium

Rytidiadelphus triquetrus

Habenaria unalaschensis var. elata
matium utriculatum

Viocla adunca

Trifolium dubium

Antennaria neglecta var. howelliil

Bromus mollis

Camassia quamash

Teesdalia nudicaulis

Luzula multiflora

Penicum pacificum

Viola preemorsa

FREQUENCY (%)

72
33
29
23
18
16
16
16
16
11
11
10
10
10
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Figure 18. Quercus garryuna ; Wier Prairie.
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Figure 21.

Osk tree surrounded by Douglas fir.

Figure 20.
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the Dougles fir transition. The floristic composition of these
zones is similar to that of the prairie, thouch the svecies
frequencies are different. The cause of the variation in frequency
is not kuowm.

In the ocak transition zome one vegetation sample was taken
in 8W 1/h sec. 32 and two in the NE 1/k sec. 32, T17N, RI1E.

& - / 3 i
Mragaria bracteata which shows the hipghest freguency \29) in tne

ock zone and the lowest (3) in the prairie shows a frequency of
27 in the oak transition (Table 3, p.50). These frequencies
indicate the "preference" of the species for the ock woodland.

Two samples for the Douglaos fir transition zone were taken in
W 2/k sec. 33 end one in the NW 1/L sec. 22, T17N, R1E. Weedy

species, such as Hypochreris radicata and Aira caryophyllea

have high frequencies in the Douglas fir transition zone, indicating

a disturbed site. It is in this zone vhere Pteridium anuilinum is

most frecuently found.

An area of interest is the uercus-Pseudotsura stand on the

steep north-facing slope between the upper and middie prairies.
During the swumer of 1900 a portion of the slope wos logged. By
counting the growth rings on the Douglas fir, the apges of the fir
and ock were compared. Scheffer (1959) devised a formula whereby
the epproximate age of the ocak may be determined. The age of the
ock is obtained by multiplying the diameter in inches by eleven;

this product is the epproximate age in years.
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AGE IN YEARS
Douglas Fir QEE*
1 3k 1 83
2 L2 2 70
3 39 3 <o
L 29 4 95
> 27 p 132
o 37 6 96
1 35 1 129
8 o7 3 RN
9 86
Average age = LL.6 yeurs Average age = 97 years

*Lstimuted by Scheffer's rormula

The relative cges of these two species indicate that the
Douglaes fir was a comparatively new invoder of the slope. The oak

had teen present some 50 years before the Douglaes fir.

Ecological Characteristics of Opecies

The ecologicel characteristics of some of the major species

~

ol the preirie and the Douglus fir zones are importunt to an under-

standing of the reaction they would exhibit to eavironmental
phenarena such as fire und drought.

P~

recs. Perhaps the most important feature of Pscudotcusn

menziesii is its reaction to fire. Judd (1915) points out that due

o

to its thick bark en adult Dowglas 'ir syIfers little damrege from
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fire. Harlow and Harrar (1941) contend that this is not alwoys the
case. Although the thick bark does protect the tree, the crown is
highly imflemmable. A young seedling would not be able to survive a
fire. Many of the larger isolated trees in the prairie have their
branches some distance above the ground. If a seedling were able

to reach an age at which the imflammable crown was high above

the ground without getting burned, it might be able to withstand
prairie fires. Germination of Douglas fir is good in both minerel
and humis soil, and dense thickets will spring up provided fire is
excluded (Harlow and Harrar, 19%1). Seeds from Douglas fir grew well
when removed to plantation sites of better soil (Munger and Morris,
1936). The seceds came from trees in a sparse slow-growing stand on
the prairies near Lakeview in Pierce County. The progeny showed
none of the effects of the poor soil.

An important ecologicel feature of Quercus garryana is its

means of reproductiom. Large crops of seed are produced annually,

but germination and establishment is poor because of the inability

of the seeds to penetrate the sod. According to Harlow and Harrar
(19%1) and Scheffer (1960) Garry cak reproduces best by stump

sprouts and root suckers. By this means new stands are quickly
re-established after fire. The Garry oak therefore would seem to

have a distinct advantage over Douglas fir which reproduces only

oy seeds. Garry oask does best where rainfall is less than 30 inches
per year and where the summer humidity is low (Harlow and Harrar, 1941).

Grasses and Grass-like Species. The pereaniel cespitose bunch
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TABLE 3

CAK WOODLAND TRANSITION ZONE, SPECIES FREQUENCY

SPECIES ' FREQUENCY (%)
Rhacomitrium canescens 57
Aira caryophyllea 49
Festuca idahoensis ' L3
Hypochaeris radicata Lo
Cerex inops 31
Fragarie tracteatse 27
Arctostaphylos uva-ursi 25
Holcus lanatus 23
Hypericum perforatum 23
Danthonia californica 22
Ranunculus occidentalis 21
Panicum pacificum 18
Polytrichium juniperioum 18
Prunella vulgeris 18
Rumex acetoselle 18
Microseris lacinata 15
Achillea lanulosa 13
Lomatium utriculatum 13
Hieracium aloiflorum 11
Luzula multiflora 11
Camassia guamash 10
Teesdalia nudicaulis 10
Lotus micranthus 10
Eriophyllum lanatum 6
Trifolium dubium 6
Festuca megalura 5
Chrysanthemum leucanthemum 5
Mgrostis diegoensis 5
Bromus carinatus 3
Bromus mollis 3
Viola adunca 3
Antenncria neglecta var. howellii 1.6
Cerastium arvense . 1.6
Linanthus bicolor 1.6
Plantago lanceolate 1.6
Eurhynchium oreganum 1.6
Poa pratensis 1.6
Viola preemorsa 1.6



~

9°1 (BurTpaes) TrsaTzZUIN BENSyOpnNAsd
QT BABUTOUVT STJIISOJIOTH
é-t umue3daJo mmigouluanyg
9°'T snyxedods snsiyk)
9°T STTTOm Ssnwoxg
¢ stsuansrd Bvod

& 18an-eAn soTAydeqsoldxy

¢ myToJtwarsoIpus tmukoody

(o STTB2UIPIOD0 snTnOTNUBY

9 BTTOS031908 Xaumy

Q mo1IToBd wnotued

9 ysewenb vISsTIR)

< mmaeusT mmiTdudotas
o) sNyaTeIdTW SNIOT
ot maerotrad umotIadly
TT BIOTJITATNE BINZNT
1T B|1B21OBIQ BIJEIBIJ
T STSUS0URPT BONYS3JI
€1 umulTInbe mmIpTIand
€T STSU2033TP ST3sOoIIV
€T STTNBOTDNU BITTPSI{T
o1 * JI0TOJTq SNU3TWTUTT
ot B|OTWIOJITTBD BIuowlusyg
of snyvueT SNOTOH
€ mutzadiml mmiyotIxL10o4
199 sdout xaxe)
¢§ 23BT020uTT 0I83usld
af BITeSsw 'eoN3sag
ot SUIDSIUBD UMTJIZ TUODBYY
09 mIqnp UMITOITIY
9L gaTTAydoLaed BvITY
€Q B31BOIpRI STI3BYoodAH
(%) XONENDTEL SHT OIS

JONINDIA STIDAIS ‘ ENOZ NOIIISNWIL WIJ SVIDN0d

h JIAVL

184

. i o



*I9pI0q 9TITBII-ITI seTSnog

es




*Je a3ty

VLTI N vy i S

*3U0Z WOTRTISUBIY JITJ STI3neg

vty g

oy g

RS-

o —

e

P e e

e b Sk e

‘o2 amStyg

*9TATBIG JISTM UT SITI STTONOQ DPOIRIEog

.

L ALV QK e m e A waaisy 9e

e
s

AL

O

My

C ol

> i 4,,:”";‘
W v’ 4 ‘g o



i i 'f‘i i )‘;__ fot ‘H‘}.‘;'

t .’ﬁ‘u\

A L TR

PRUR-TIER

£y
R

dlaea *-.-I.za.w IR DS _AMLML_L.»Q Tl sa ki .‘Q,- Lx_,-.k & SIS EEW I s

F gure 28. Wier PI‘diI‘lC showing Dougles fir sccdlinr' o.nd _Cyti.:us sco ari us.

7§



v’ v,
AT

~——

v

5

v

T TR T N S

o ——

7

*ITATBIJ JIBTM “TFurTpoas ITJ SBIZNOQ ‘62 2anITS

caten Lo SR " "1
\ 4 ~. . 1
A 3

AL

S

sl ke

Tl O

-

I Y PP e

B iou

'
»
s Chlp

i .
N . . 4 oo
3

I
!
L U e kbl s . sl wikh ; - ] ?' : 2



grass, Festuca idahoensis, assues its typical growth form on the

prairies. Apparently there is no vegetative reproduction by

rhizcmes. Sarvas (in Lutz, 1950) reports that Festuca ovina, a

closely related species, reproduces from basul buds us well as from

seeds after fire. Careful check of F. idahoensis growing in burned

areas might show this same featufc. If basal buds were found, it
would indicate the species would have a better chance of surviving
fire. Carex inops is a cespitose perenniucl sedge which reproduces
vegetatively by stout rootstocks.

Forbs. Three features of the native forbs upon the prairie

make them adapted to their environment. First, many bloom early.
Second, mony possess the geophyte type of life form (Raunkicer,
1935). And third, they are perennial.

Mosses. The moss Polytrichum juniperinum is said to have deep

rhizoids which aid in reproduction of the specles following a fire

(Sarves in Lutz, 1956). Some species of mosses are able to survive
fires (Ahlgren and Ahlgren, 1960). In the New Jersey pine barreas

gentle burning favors the developuent of & bryophytic-lichen leyer

(Moul and Buell, 1955).

Vcedy Species. The white men brought with him many weedy

species. There may have been three points of entry. Since Fort
Nisgually and Steilacoom were the first localitics on the Sound
where Caucasians first settled, it is possible that many of the
weeds eantered here. For many years these localities were seaports

where most supplies were landed. The second portal could have been
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Figure 31. View of base of steep north-facing erosion slope,
Wier Prairie. :
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Figure 32. Face view of steep north-facing erosion slope,
Wier Prairie.
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Top of steep north-facing erosion slope, Wier Prairie.
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TABIE 5

PHYTOGEOGRAPHICAL ALLIANCES OF THE FLORA OF THE GRAVELLY PRAIRIES

OF WESTERN WASHINGTON (After Piper, 19006)

Species Generally Occurring on the Prairies

but not Elsewvhere in Washington

Arenarie tenella

Aster curtus

Brodiacea cornoaria

B. pulchells

Collomia teneclle

Erythrcaium oregonum

Godetie amoenca

G. quadrivulnera .
Grindelia nana var. integrifolia
Iris tenax

Lomatium utriculatum

Lotus formosissimus

Lupinus &lbicaulis

Lupinus lepidus
Madia minima
Microseris laciniata
Orthocarpus attenuatus e
Plectritis congesta

Ranunculus orthorhynchus 1
Senecio macounii 3
Solidago missouricnsis ;
Synthris reniformis
Trifolium bifidum

T. tridentatum

Viole howellii

Yoy

Species Occurring on Both Sides of the Cascade Mountains

Agroseris heterophylla
Alchemilla occidentalis
Antennaria neglecta var. howellii
Athysanus pusillus
Balsamorhiza hookeri

B. deltoidea
Boisduvelie stricta
Brodicea hyacinthina
Ceucalis microcarpa
Ceanothus sanguineus
Collinsia grandiflora
Crocidium multiceule
Erigeron speciosus

Gilia capiteta

Githopsis specularioides
Heuchera cylindrica
Hieracium scouleri
Lomctiun nudicaule

L. triternatum

wtus douglasii

Marzh oreganus
Microsteris gracilis
Navarretia intertexte
Pectocarya penicillata
Perideridie gairdneri
Pinus ponderosa
Polemonium micranthum
Prunus demissa
Psilocarpus elatior
Quercus garrycna
Sedum douglasii
Sidalcea campestris
Silenc menziesii
Sisyrinchium idehoense
Specularia rariflorum
Stellaria nitens
Thysanocarpus curvipes
Tonella tenella
Lygadenus venenosus
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TABLE 6

SPECIES OF THE FESTUCETUM OF EASTERN WASHINCT W

(Daubenmire, 1942)

—— e

Achillea lanulosa
Agropyron spicatum
Astragalus arrectus
A. spaldingii
Balsamorhiza segittata
Besseya rubra
Brodiaca douglasii
Bramus brizaeformis
B. wollis

B. tectorum
Calochortus sp.

C. elegans

Carex geyeri
Castelleja lutea
Collinsia parviflora
Claytonia linearis

C. parvirlora

Draba verna
Epilobium paniculetum
Erigeron corymbosus
Erythronium grandiflorum
FPritillarie pudica
Fresera albicaulis
Festuca idahoensis

Gelium borecle
Geranium viscosicsimum
Gilie gracilis
Haplopappus liatriformis
Helianthella douglasii
Hieracium eclbertinum
Iris missouriensis
Koeleria cristata
Lactuca sp.

thophragna bulbifera
L. perviflora
Lithospermum ruderale
Lupinus sericcus
Poa pratensis
Potentilla blaschkeansa
Ptilocalais autans
Rosa sp.
Seneclo columbianus
Sisyrinchium infletum
Sieversia ciliata
Solidago missouriensis
Stellaria nitens
Symphoricarpcs albus
Zygadenus gramineus
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Iram the south, following the emigration of settlers fram the
Willamette Valley. Many of the weedy species were doubtless trons-
ported in hay and cattle feed which were brought in with some of
the Hudson's Bay Company's cattle. In some cases the species were
introduced as ornamentels.

Probably the most persistent and widespread weed of the prairie

is Hypochaeris radicata. It was introduced into the Northwest

shortly before 1904. Mangum (1911) stated that about this time it
started to increased rapidly in the Puget Sound country.

The weed Hypericum perforatum is only locally ebundant. It

is apparently a recent arrival on the prairies. H. perforctum was

not recorded in the University of Washington herbarium from the
prairie until 1930.

The weedy shrub, Cytisus scoparius, according to Theo. Scheffer

(1960), wes introduced at Steilocoom as an ornemental. Oldtimers
in the area claim to remember when it was common only around
Steilacoon.

Other introduced weeds are also worthy of mention. Aira

caryophyllea was collected by the Wilkes expedition in 1841.

Mengum (1911) reports that when this plant dries up ia the summer
and fall, it creates a Tire hazard on the prairies.

Chrysanthemun leucanthemum wes introduced from the eastern

United States either as an ornmamentel or in hay. It has became

well established. Speriule arvensis is found occasicnally on the

=
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prairie, and according to Mangum (1911), it was introduced about
1905.

The indigenous flora of the preirics is more closely allied to
Lastern Washington than it is to that of Western Washington.
Comparison of the species list here (sce Appendix, p.102) with
those recorded by Daubenmire (1942) (Table 6, p.60 ) for the Festuca

idohoensis community of Eastern Washington shows close relationship

. at the generic level; in some cases the species arc the same.

To the south of the prairie in the Bald Hills there are open
areas daninated by grasses which support’a flora similar to that of
the prairie. The balds are small oval openings in the Douglas fir
forests, seldom more than a few acres in size. At the outer edges

are oek trees, with a few madronas (Arbutus menziesii). There

are generally a few oaks isolated or in groups in the opening

itself. TFestuca idahoensis is the major grass. Camnssis guamash,

Dodecatheon henderscnii, and Fragaria bracteata are also preseat.

There is a thick layer of Rhacomitrium canescens on the ground

between the forbs and grasses.

These balds were beyond the reach of glaciatim. It is possible
that the balds at one time were more extensive and served as &
center of dissemination for some of the prairie species in the Puget
Sound lowlend after recession of the glacier.

Piper (1906) separated the indigenous species of the prairies of
VWestern Washington into two groups: Those which occur only on the

prairies in Washington and Oregon and do not generally occur elsewhere



(Table 5, p. 58), and those which range up and down the coust along
both sides of the mountains from British Columbia to California
(Table 5, p. 58). The latter group reached the Columbia Brsin via
the Klamath Gap (Piper, 190C). When Piper compiled this list, the
ranges of many of these species were not campletely known. A
survey of collections deposited in the University of Washington
herbarium shows that the flore of the prairies has affinities with
that of other dry prairies in Northwest Washington at Sequim, in
the San Juan Islands, and on the pruoiries of Whidbey Island. Many

of the species on Piper's list such as Camassic quamash

Laomatium tritern=atum, end Sisyrinchium idahoense are found on

these prairies. A partial species list for the prairies compiled
from Piper (190G), Rigg (1917), my own collections, and specimens
in the University of Washington herabrium is found in the Appendix.

The nowenclature follows Peck (1961) and Hitchcock, et al (1955).



IV. FACTORS EFFECTING VEGETATIONAL CHANCE
The environmental factors which have had an effect upon the
prairie vegetation, cither from the standpoint of its origin and
maintenance, or as causes of encroachment of Douglas fir, may be

divided into two major groups, natural factors and humon factors.

Natural Factors

Natural factors are those which generally are not associated
with mon's activities. They irclude glaciation, soils, climate,
end fire. These factors all have been instrumental in the
formation and maintenance of the prairies. The first three have
remained essentially unchenged; the frecguency of fire has changed
in the last hundred years.

Glaciation. The glaciation of the region has been important
in the formation of the prairies for two reasons. TFirst, by virtue
of the parent material it lelt, the last glacietion pave the soils
of the prairies an arld quality in an area of high rainfall; second,
glacial activity left a rather sterile soil.

The prairie topography was formed by the outwesh clluvium of
the Vashon Glacier. Bretz (1913) has given an account of the forma-
tion of the Wier Prairie. It is from this source and fram Mackin
(1961) that the following picture of the genesis of Wier Prairie
wes formulated.

As the glacier begzn to recede from its southern terminus, it

discharged great quentities of sand, gravel, and larger stones.
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Slowly retreating northward a large gravelly platecu was deposited,
a portion of which constitutes the higher preirie (500 feet) at the
present time. The water discharged then to the south. As the
glacier agein receded to the north, the plateau wots degraded, form-
ing a steep north-facing slope. This degradation was apparcently
caused by a change in the direction of the flow of water to the west.
With the water now flowing in this direction, essentially what may
be counsidered o vallcy floor was formed with the terrace to the
south, forming the south wall and the ice forming the north wall.
This "valley floor" forms what is now the middle prairiec (450 feet).
An ice contact slope remained after the glacier had moved north.
This can e scen {rom the great ice kettles which pit the forested
slope betwecn the middle and the lower prairie (500 feet). The
third end lower prairie (LOO feet) was tormed ir a manner similar to
the middle prairie. In this case the southern wall of the "valley"”
wes the previously formed ice contact slope, the northernm wail,
glacial ice.

The depth of this gravelly outwash at Wier Prairie is at least
50 feet, as can be seen along the road cut neur the town of Rainier.
Most of the material is porous, loose, poorly sorted, gravelly
sand and gravel with many stones as large as eight to ten inches in
diameter. There is very little interstitizl material in the
subsoill because of the washing action of the glacisl water. The
porous nature of the alluvium is presumed to produce the arid

droughty nature to the soil. Droughty es used here refers to the
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dryness of the soil.

Soils. The prairies of Jestern VWashington are located upon a
particular type ol soil which was formed upon gravelly outwash
plains. Taese soils are collectively called the Spanaway Series
(Ness, 1958). A description of the profile is as follows (after
Ness, 1558):

Alo-O to 14 inches; very dark grayish-brown gravelly sondy
loam with organic content high, consisting largely of well decom-
posed grass, roots and moss. The structure is very friable and
sooty. It is strongly acid.

AC--1k to 18 inches; grayisn-brown, very gravelly send loam,
very gravelly and stony. It is less acid than the Al horizon.

C--18+ inches; light grayish-brown or light yellowish-gray
gravelly sand and gravel. There are stones up to unine to ten
inches in diameter.

There are a nuuber cof physical features of Spanaway soils which
make it suited to preirie-type vegetation. Ness (1958) reports that:
(1) duriag the growing sccson, the amount of water held in the

gion of the soil occupied by roots is very low; (2) internal
dreinage is repid; (3) loose coarse meterials in the lower horizons
limit the penctration of roots to the upper 18+ inches of the soil;
(k) natural drainege at the tixe the soil was developed was excessive.
These features of the Spanaway series make the soil very droughty.
Meagum (1910) reports the following mechanicel enslysis of

typical fine earth samples of Spanaway gravelly sendy loem:
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Fine Gravel 10.9% Very Fine Sund 7.3%
Coarse Scnd 20.2% Silt 26.0%
Medium Sand  7.1% Clay 18.9%
Fine Sand 9.5%

The low productivity of Spanaway soils has been cited often in
the literature by Bretz, (1913), Jones, (1936), and Piper, (1906).
After their first attempts at agriculture, the early settlers soon
reclized that the soil was not of the highest quality (Bruckenridge,
1931; Tilton, 1867; Trowbridge, 1853; Wilkes, 18k1).

Renny and Maclauchlan (1957) report that the Spanaway soil is
high in carbonaceous orgonic matter and low in active humms. They
also found certain mineral deficiencies. Available amounts of
calcium, phosphorcous and magnesium were all found to be low. Forage
crops with whieh they were working responded only to large amounts
of lime, two to three tons per acre, and often the beneficisal
results of the application did not appear until two or three years
later. Potassium woas often found to be in short supply. Available
nitrogen also was very low, possibly due to the high carbon-nitrogen
ratio. Responses to application of nitrogen occurred after one or
two days.

The nature and characteristics of a soil have a pronounced
effect upon the type cf vegetation it can support. Two features of
the soil of the prairie which uave had the greatest effect in
determining a particular vegetetion type have been the droughty

nature and low fertility. This soil is of the type which is
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developed in cool moist areas under the influence of grass vegeta-
tion (Ness, 1958; Nikiforoff, 193C).

The classification of Spanaway soils has met with some controversy.
The classificeation of the large scil groups is based on the degree
of profile development, the domination of one soll forming factor
over the others, and the age of the soil (Forest Soils Coum., 1957).
Many of these characters are difficult to analyze. Conseqguently,
severzl different views have been formed. less (1958) classes the
Spanawey soil in the Grect Azonal group due to the relatively y 24
age of the soil and the poorly developed profile. Because of the
deep unconsolidated matericl upon which it wes formed, it is classed
as a regosol. The Pierce County Soil Survey of 1955 classes the
Spanaway series in the Zonal group under prairie soils. Nikiforoff
(1936) calls them "Black-Brown' soils. He feels that they are
not chernozens because they lack a zone of calcium carbonate
accumwlation. Spanaway soils and similar series are related,
according to Nikiforoff, to the‘black—brown soils of the Palousec
region. It will be remembered that the flora of these soils also
shows scme affinities to the {loru of Eastern Weshington.

The Forest Soils Camittee (1957) classifies these soils as
intrazonal. Their distinguishing characters, ﬁhe dark color and
friability, are due to grass vegetation and not the climate and soil
factors. They ceall them Savannzh soils.

There are three other éeries closely related to the Spanaway.

These are the INlisqually, Fitch, and Tumweter. Of these the Spanaway
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secws to have closer affinities to the Fiteh series. The lisqually
and Tumwater series are morc sandy. The Fitch and Spanaway are of
the same gravelly rocky matericl, the only apparent difference being
the lighter color of the Fitch series. The Fitch solls generally
occur in small patches around the edges of preiries of Spanoway soil
and are forested. According to Ness (1958) Fitch soils were
developed under grass vegetoetion but were invaded by trees many
years cgo. Apparently, the Fitch soils begen as typicel Spanaway
soil, but because of differences in topogxaphy, the crea was forested
at an early dote.

Comparison of the extent of forestation in the 1850s and the
801l distribution ot the present time shows that therc has Leen en
early invasion of the prairies by forests (Figures § and 6, pp. 29
and 30). The fact that the trees invade from the outer cdges is an
indication that the Fitch soils are Spanawey soil which has been
forested for a longer period of time.

.

Post-CGlaciecl Climate. Information on the post-glacial climate

of the Northwest is based upon the presence and abundance of pollen
in peat bogs. Tue species found are assumed to be indicative of

the climate. Hansen (1956) and Heusser (1953) interpret & warm-dry
hypsothermal period from pollen prafiles between 2,000 to 5,000 years

ago. The effect of this warming and drying manifests itself in the

u

occurrence of grasses and composites in bog profiles necar the
prairies (Hansen, 1938). The effect of the hypsothermal period

appears to heve lessened as proximity to the ocean was reached. 1In
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bogs near the coast the warming and drying effect secms to be
absent. It is only feintly recorded in the Puget Sound lowland
(Hansen, 194%7a). In Eastern Washington and Oregon the hypsothermal
period is definitely menirested. This would seem to indicate the
moderating effect of ocean air. It seems likely that it was during
this time that the prairies took on their characteristic vegetation.

Present Climatic Conditions. wurston and Plerce counties may

be divided into three rather distinct precipitation zones. Eastward
from the Bluck Hills, the rainfall is approximately 45 to 60 inches.
Just east of Olympia & zone of reduced precipitation extends
eastward to the foothills of the Cascade Mountains and northward
through the westera part of Pierce County. The rainfall ia this
region is below 45 inches per year. The explanation for this appears
to be as follows (Wash. Dept. Agri., 19506): The westerly winds
descend after passing over the Coast Range and yield a lessened
rainfall and break up of cloud cover. As the winds continue to the
east, they recach the foothills of the Cascade Mountains and start
ascending. Theerise in altitude is accompenied by increased reinfall.
Representative annual precipitation records for the region of
lessened reinfall are from an annual summary of hourly precipitation
data. They are the only date available for the region. For
comparison, the precipitation for Olympia is included. The date
cover a period of nine years. The years in which a few stations did

not take data for the entire year were excluded from the table.
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YEARLY RAINFALL FROM ANNUAL HOURLY PRECIPITATION DATA

(U. S. Dept. of Comn. Weather Bureau)

Station 1951 11952 1953 195k 1955 1956 1957 1958 1959 ' Av.

Olynpia 57.87 51.44 L1.45 52,40 52.92 51.21

Yelm 35.93 21.13 46.30 46.33 36.26 30.84 38.99'38.78 36.82 :
McChord 36.76 42.07 29.18 37.21 37.93 36.63 4
McMillian 36.77 21.85 49.31 45.20 36.6¢ 35.65 L2.71 L2.95 38.88

Reservoir

Though the averages are based upon a rather short period of
time, they are indicative of the relative amounts of rainfall. When
the annucl precipitation is high et Olyupic, there is a corresponding L
rise at the other three stations. In 1955, for example, Olympia
had 57.87 in./yr., Yelm, 46.33 in., McChord, 42.07 in., and McMillian
Reservoir, 45.30 in. In a dry year Olympia had L1.45 in., Yelm,
30.84 in., McChord, 29.18 in., and McMillien Reservoir, 35.05 in.

It appears then that the reletive amounts of rainfall are fairly
static.

Generally, the driest months of the year are June, July, and
August, and the wettest November, December, and January. Other
important information such as terperatures and length of growing

seascn as determined by frost records is taken from data recorded

" in Olympia and Tacoma. These stations are closest to the prairies.
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TEMPERATURE F (U. S. Dept. of Agri., 19L1)
LENgEa ol Jan. Av. July Av. Max. Min.
Record :
Olympia 37 yv. 3. i U3.3 104 - '
Tacama LY yr. 38.8 2.2 98 7 h,
AVERAGE DATES OF KILLING FROST (U. S. Dept. Agri., 1941) !
Tength of Iost ia First in Crowing 3
Record Spring Fall Season
Olympia 30 yr. Apr. 20 Oct. 206 19l days .,
Tacoma Lo yr. Mar. 13 lov. 18 250 days .

Fire. There is little doubt that forest fires have occurred
as long as there have Dbeen forests to burn. Most {ires before the
advent of man were probably started by lightning. After the advent
of white mon about 35 per cent of all forest fires werc caused by
lightning (Judd, 1951). Fluctuations in abundance of Douglas fir
pollen in pollen profiles have been attributed to forest fires
(Hensen, 1947a). Evidence from peat bogs and fire-scorred tree
rings indicates that fires have o;curred nany times in the past
(Juad, 1951).

Fraa 1800 to about 1900 fires were more prevalent than they are
today: During that time Indians and perhaps white men set fire to
the prairies, and there was no fire protection.

David Douglaus made the earliest refercence Lo the use of fire
by the Indians (Royal Hort. Soc., 1959). On October 26, 1826,

when he was on his way to Northern Califormia, he noticed a
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scarcity of deer in the Willamette Valley. He explained in his
Jowrnal that the deer were scarce in the area "in consequence of
the plains being buwrned by the Indians to compel these animals to
seek food in certain parts more convenient for hunting."

Two pioneers of the Willamc£te Valley, Jesse Applegate and
S. A. Clarke, have reported (Morris, 1934) that the Indians burned
extensively for three reascns. One was to burn in late autumn after
the wild wheat, "Lamoro sappolil', had bloomed. The second was in
order to drive game together so that it could be more easily hunted.
The third was to keep down the undergrowth so that geme could be
observed and so that hostile war parties could not approcach unseen.

In 13833, Williem Frazer Tolmie recorded in his diary a report
of fire on the prairies. During his first stay at Nisqually, he
wrote on September 26, 1833, '"The Indians agoin began to bring us
venison which has been very scarce since the middle of July when the
grass on the prairie, being dry and wintering was nearly all consumed
Ey fire, now, a new and tender crop has arisen which perhaps attracts
the deer.” Three days laoter he .continued: '"The prairie has quite a
vernal aspect in those parts which were overrun by fire in surmer."
According to the Nisgually Journal (1915) om July 17, 1833, all
herbage on the prairies was burned for several miles.

Septembér G, 183k, the plein again was burned, and the sun was
obscured for five days (Nisqually Jowrn., 1915). The Nisqually
Journal for July 24, 1835, records fires in the grassy plains near

the Fort that "sent up so much smoke that the sun was hidden."
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In Aucust of 1853, William P. Trowbridge, & licutenant in the
United States Army, reported on his trip from Fort Stellacoom to
Cowlitz Landing that "fires were raging in every part of the forest
and immensce pine trees were continually felling around us" (Trow-
bridge, 1853).

The Land Office Survey parties, cmong their other duties, noted
if the timber was burned. In the vicinity of Vier Prairie the
surveyors noticed that timber was burned in 1851, 1853, end 1855,
each year that the survey was in the area. It is difficult to
escertain whether this was the same burn. IEither the fire was a
very large one or there were many small fires. For example, in
1853 they made the following notations going east along the southern
boundary of sec. 33, T17N, R1E. At 35 chains they left the prairie
and entered burned timber. They continued througnh burned timber in
sections 34, 35, and 36. This burn was at least three and one-half
miles in one dimension. In September of 1855 at the corner sec.
10, 11, 1k, and 15, T10N, R1W the party noted that the timber and
undergrowth had been killed by fire.

Cooper (1853) reports that the Indiens burned the prairies ia
order to preserve the ground for game and for the production of
Camass, which the Indicns used for food. Ccoper also reported:

From its combustibility extensive tracts of this forest

get burnt every year, taking fire fram friction or any

other slight cause. During owr ascent of the western

slopes of the Cuscade range we passed for days through
dead forests, perhapc oburnt by ignition from the hot ushes
which were thrown out I{rom Mount St. Helen's several years
before; obut large tracts were on 1'ire at the same time,
filling -the air with smcke, so that we could not see the
surrounding country f'or severul days. Large tracts of

the eastern slopes of the Coast range are also desolated
by the same cause. ’
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as lightning.

Morris (1934, map, p. 135) reported two fires near Olympia
in 1868, one to the south and one to the east of the town.

Meeker (1870), speaking cbout the timber near the head of the
Sound, said, "Although much of this [timber is not aveilable for
logging in consequence of many heavy fires having burned the more
valueble timber . . ."

In 1902 the lorthwest was beset by enormous forest fires. On
one day the sun was so obscurcd by smoke that lights had to be used
at noon in Olympie. This same day an inch and a half of ash fell
on the streets of Portland, Cregon.

In recent times there have been few fires of large size on
the prairies. This may be attributed to two factors. The Indians
discontinued burning practices. The military authorities, after
taking over the prairies about 1900, have provided the arca with
rather extensive fire protection.

The only prairie which is bwred with eny regularity is at
Lake Nisquelly (Figure 2, p. 22). This prairie is the United States
Army artillery impact range. It is either purposely burned by the
military authorities as a safety measure, or it is accidentally set
on fire by the shelling nearly every year (Hansen, 1961). By
camparing the two maps (Figures 2 and 3, pp. 22 and 23) one can see
that this area is the only one upon which no apparent eacroachment

of the Douglas fir on the prairies has taken place in the lest 100 years.
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A small portion of Wier Prairie was burned in 1957 (sec. 31,
T17N, RIE; sec. 0, T10N, RI1E) (Hansen, 1961).

It is evident from the genéral literature on fire that its
effect varies fram region to region and with the vegetation. The
vegetation type nearest the pruiries that is similer in any respect
is the Festucetum association of the Palouse of Easterm Weshington.
Dauﬁenmire (1942) studied this vegetation in detail. He reported
that after fire the moss-lichen synusium wes destroyed and that
redevelopment requires several ycars. The perennial grasses, foros,
and shrubs are killed to the ground but in most cases sprout
vigorously the following spring. DMNew growth, according to Daubenmire,
mekes its appearance about two weeks earlier than thet on unburned
areas because of grecter absorption of soler radiation by the blackened

unshaded soil surface.

Humen Factors

The human factors are those which are generally assoclcted with
men's activities. These Tactors have teea considered from the
standpoint of land use by both Indions and whites. Soue practices
such as use of fire have a direct effect upon the vegetation. The

others, such as grezing, have an indircct eflect.

O

Palco Indians. The exact date of the advent of the Paleo

Indicn into the Puget Sound region Is unknown. Vulcenism and
glaciction have destroyed or hidden much of the evidence of early
men. The most logical route of entry is by wuy of the pre-iisconsin

lend or ice bridge across the Bering Sea. Warmington (1357) states
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that artifacts from the Columbia River in the interior of Oregon have
been dated at 10,000 years. About (6,000 years ago there appeared to
be increused activity by the Indians. The great Fraser River midden
at Vancouver, B. C., has been dated at 2100, + 900, ycars ago.

Recent Indians. The Nisqually Indians were living on the prairies

when the white men arrived. This tribe was one of the few which

owned horses on the west side of the Cuscade Mountains. Indians of
several of the villages located near the Bald Hills were bilingual

end spoke both the Sahlish diclect of the west side and the Shapatin
of the east side of the Cascade Mountains (Smith, 194%0). She alco
reports that these southern villages had contacts with the Yekima

end the Kittitas tribes. The lNisgquallies traveled cast of the
mountains via Cowlitz and Naches Passes (Hoeberlin end Gunther, 1930).
This cross-mountain travel, underteken by tribes of both sides of

the Cascade Mountuains, wes for trade purposcs.

The main village of the Nisqually Indians was located at the
Junction of Muck Creek and the Nisqually River in Pierce County.
Other villages were near the present towns of Yelm, Rainier, and Roy.
Haeberlin and Guather (1938) report that Indians spent considerable
time on the prairies where they were scf'e from more warlike northern

Indians. They state that there were about 2,000 Nisquellies in 1855.

+

he Nisguelly Indians had fire before the white men came; they
made fire with a hand drill. They also devised a slow burning torch
nade of cedar verk, one end of which could be kept burning for

several days (Haeberlin tnd Guather, 1930).
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Much has been written by white men about the Indien's use of
fire to coantrol desired types of vegetetion. The Nisqually Indians
were reluctant in admitting the use of fire. Smith (1940) gives
the only reference in anthropological literature to intentionzl 3
burning. She states that the Nisqually Indians used fire for
attracting game at night. She further states that the inland people
had great fear of fire and.its effect on grazing land and game.

At the time of Tolmie's stay at Fort Nisqually, 1833, the only
whites there were Hudson's Bay Company employees. It doecs not seen
plausible that they would set the prairies on fire and cndanger their
own holdings. The lack of reports of fires set by the white man as
opposed to numerous reporis of those set by Indians indicates that
the red men caused most of the fires.

The Indians acquired horses at about the turn of the 18th
century (Cooper, 1853). This agrees fairly well with the idea that
the horse reached Eastern Washington about 1730.

The acquisitioa of horses by the Nisqually Indians was probably
by trade with the Indisns of Bastern Washington. According to Smith
(1940), each femily of the preirie groups of the Nisqually trive
owned an average of two to three horses. These horses were treated
as pets by the Indians and were peantler than the horses of the
Indians to the east. The number of horses present at one time was
not great enough to causc much aamage 1o the vegetation. I coancluded
this by comparing the number ¢ horses per family wﬁtb the Indien

popmidation in 1855.
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Agriculture. Of all the ectivities of white men, agricultural
pursuits have been the most impprtant in changing the face of the
prairies. Graéing of stock has been forenmost.

Gehri (1934) and Cooper (1859) report tluat deer and clk grazed
on the prairies in the early days. The effect of these wunimals may
be considered negligible due to their transitory feeding habits.

The establishment of Fort Nisqually started the great cattle and
sheep industry which lasted for many ycars. An inventory from
Hudson's Bay Company account books (Notes, 19--) shows that in the
spring of 1833 the company had five pack horses and four oxen. The
number of stock rose to about 1,000 head in 1839. This year marked
the esteblishment of the Puget's Sound Agricultural Company. By
1841, Wilkes (1844) reported that the Hudson's Bay Company hed
3,000 sheep, 1,500 cattle, and same U400 horses. Two years later,
18k3, the account books showed 1,396 horned cattle, 126 horses, and
5,043 sheep. Both Meecker (1905) end Hunt (1916) report that from
1841 to 1846 the company hed an average of 5,000 to 8,000 cattle,
6,000 to 10,000 sheep, and 300 horses. The company had an interesting
method for handling their stock. Wilkes (1844) reports that the
cattle were placed in pens at night for two purposes--first, as
protection fram wolves, and second, to save the monure. The pens
were {ram ore-half to one acre in size and were moved every weck. In
this mepner a large arca would be covered in the course of a year.

her sources, Meeker (1905) and Hunt (1916), state that the caupeny

attempted to prevent overgrazing by sheep by corraling them ia the



same manner as the cattle. Rather than prevent overgrazing this
practice concentrated overgrazing locally. The stock must have
destroyed the structure of the prairie vcgetation.

About 1850 when the influx of settlers began, grazing was
continued. Most of the settlers (many of them retired employees of
Hudson's Bay Compeny) took up donation claims near the compeny
holdings.

By 1850 American settlement had Precedeqd oun the prairies. The
Indian war of 1855-50 causcd many of the settlers in the interior
to move back to the safety of Steilacoom and Fort Nisqually. ZEarly
settlers chose the prairies becausc they were open grasslands and
less difficult to clear than the more fertile bottom lends along the
2uyallup and Nisqually Rivers. Aftgr the river valleys had been
settled and cleared, the attention of the imigrants shifted from
the prairies.

At present, the only grazing on the militory holdings is an
the 13th Division Prairie in Pierce County, where 600 head of
cattle are grazed.

On the Wier Prairie in Thurston County the first record of
érazing was in 1851 when the Land Office Survey party reported
seeing herds of cattle on the preirie and in openings emong the
trees. It can be assumed that grazing preceded this by several
yeexrs because T. W. Glascow and T. Linklighter started farming on
the prairie in 18L7. About 1850, T. B. Speek made rawhide chairs

on his farm on Wier Prairie, and it is possible that he and his
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neighbors raised the cattle for this rawhide as well as for milk

and meat (Rathbun, 1895). In 1370 part-time farming combined with
work in the logging, lumber, and mining industries became cormon and
has persisted to the present.

After 1943, when the United States Army acquired most of Wier
Prairie, most farming and grazing has stopped. The only grazing on
the area haes been by trespass cettle which ere never in large
aumbers (Hansen, 1961).

Cultivetion. Cultivation has not becn practised to any large
degree on the preiries. Wilkes (184L) reports that the farming
operaticns were not large at Fort Nisqually with only 200 acres
under cuvltivation. Most of the ferming was done at the Hudson's
Bay Campany holding at Cowlitz. The early crops were mainly gruins.
After getting low yields, the land was allowed to retwrn to pasture.
In Thurston County, just after the First World War, large areas of
Spanaway soils (around Grand Mound and Rochester) were used to grow
strawberries. This enterprise, however, has been almost entirely
abandoned because of high costs and low yields.

The Thurston and Pierce County Soils Surveys report that the
soil is generally uscd for hay, corn silage, sm2ll fruits, and
vegetables. For a soatisfoctory yield, it is necessary to add manure,
crop residues, fertilizers, and water.

Logging. In the early days the forests surrounding the prairies
in Pierce County were logged (Mangum, 1911). The ock has been logged

for use in shipbuilding (British end American Joint Comm., 1869).
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ost of the logging in Pierce County was connected with lund clear-
;ng and local construction. The majority of wholesale logging in
the arca ccased with the establishment of FFort Lewils in 1917.

Near Wier Prairie the Weyerhoeuser Timber Compeny logoed inter-
mittently in the area from 1918 to about 1938 (for exact times and
locations see the following table). Most of the timber was cut in
forested regions away from the prairie. Generally, logging does not
seem to have had a great effect upon the prairie.

AREAS LOGCGED IEAR WIER PRAIRIE
(Weyerhaeuser Timber Co., Tacoma, Wash.)

Description S« T. R. Logged
S 1/2 NW:N 1/2 sW 28-17N-1E 1937-38
FR NW 1/L 1-16N-1W 1923-25
SRIENE 2 1930

FRE 1/2 IW:SW 1/4 N of River* 2 1922-2k
SW 1/4 S of River 2 1920-23
NENE:SWNE:E 1/2 NW:W 1/2 SW  25-17N-1W 1918-21
SESE 26 1918-21
N 1/2:E 1/2 sw:SE 1/k 35 1928-29

¥*Deschutes River

Military Use. The United States Army has used the prairies

intensively since acguiring the land in 1917 and 1943. Both the
preirie and adjecent land are used principally for military maneuvers

of verious itypes, most of which involve large vehicles. The effect
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of vehicles on the vegetation is devastating. The sod and moss are
stripped off, leaving bare soil. Small oak trees arc flattened

by the larger tanks. The effect of this mechanical disturbance of
prairie vegetation is similar to that of grezing (Figure 9, p. 36,.
The exposed soil is invaded by weeds rather than typical prairie
vegetation. Pir limbs are cut for use as camouflage, and holes are
dug in every conceivable place. One of the prairies used as an

impact range is inaccessible to non-military personnel.



V. DISCUSSION

The encroachment of Dougles fir on the prairie lands has
coincided with several radiculvchanges in the eaviroament. DPaly-
nological research indicates that the land developed characterictic
prairie vegetetion scme time prior to ¢,000 years ago and coinclded
with a period of gradusl warming and/or drying. The prairies from (
their beginnings were limited to the glacial outwash plains of the .
Vashon Glacier. The Douglas fir were able to become established only
in areas of topographical discontinuity such as ice coantact slopes
.and erosion terraces. At the time of the arriveal of white men,
written descriptions seem to indicate that the prairies were much
nore extensive than they are at the present time. The verbal
descriptions are confirmed by comparing maps campiled about 1850
with those made in 1950, showing the distribution of prairie and
forest. Prior to and shortly after the arrival of the explorers
and settlers, fires seem to have been ccmmon cn the prairies. After
1918 the frequency of fires sharply decreased and has never reached
the magnitude of those in previous years. From the discussion of
the original prairie vegetation it has been indicated that the
prairie species are bilologically capable of surviving pericdic fire.

It is possible that aboriginal mon has been in the region since
shortly after the recession of the Vashon Glacier. He had the means
with which to set fire to the prairies and probably did. The Indians
present when the white men settled set fire to the prairies for

verious reascus. There is reason to assume that they had been



setting fires for same time previous to this.
Most of the uative speciles are percunicls and have their s

perenncting buds ot or below the surface of the soll. In late summer

and early fall, when the prairies burned, the native species had 2

caupleted their scasonal cycle. The Douglas fir could not cope with

fire as well as the native preirie species. Z2
Circumstantial evidence indicates that the Douglaes fir was i

virtually stopped in its penetration of the grassland by two other ¢

factors besides fire. One was the closed nature of the prairie

camunity, end second was the nature of the soil in combination with

lower precipitation of the area. o~
Abrupt envirommental chenges have been shown to coincide with ..
-

a2e arrivel of white men. In a period of about eight ycars grazing
on the preiries increased from several head to 13,000 head of |
dozestic stock. The major effect of grazing was the destruction of
the structure of tracts of prairie vegetation. Also at this time
many of the weedy species present on the prairie were introduced.

\
Before the introduction of the weeds, the preairie, when disturbed,
was able to grow back in the disrupted arec. After their introduc-
tion, the weeds, because of their wind blown seeds and rapid growth
rate, were able to establish themselves in the disturbed areas, thus
destroying the integrity of the original prairie vegetation.
Figure 34 graphicelly represents my interpretation of change in

the prairie vegetation. The width of each line is & subjective

representation of the magnitude of the particular feature under
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consideration. I have depicted the passage of time vertically. For
example, at about 1800, encroachment was slight, the prairie larger,
the soil-climate camplex unchanged, mechanical disturbance (grazing)
slight, fire widespread, occurrence of weeds slight. By 1900 the
degree of encroachment had increased, the prairie decreased, coil-
climate complex unchanged, mechanical disturbance increased,

frequency of fire decreased, and occurrence of weeds much increased.

Earlier Theories of the Origin and Maintenance of the Prairies

Cooper (1860) bvelieved that the prairies of Western Vashington
were the remains of much more extensive prairies. Fires had not
been significent in the development or maintenance of the preairies
because of occasional large trees he found growing isolated or in
small groups on the prairies. He felt that the "perfect" smoothness

T the surface of the prairies indicated that they were never
forested. His recsoning is as follows: "While in places completely
cleared of forests by fires are always found mounds and hollows,
left by stuxmps, and an immediate growth of shrubs and trees follows,
showing a tendency to return to forest instead of to form prairies.”

William Trowbridge (13853) also had ideas about the origin of
the prairies. He felt that the burning by the Indians was the cause
of the appearance of the prairies. The large trees would burn down,
decay, and then the succeeding fires would prevent the growth of the
smaller trees.

Mangum (1911) proposed perhaps the most original theory
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concerning the mointenance of the preiries. He begins by explaining
that onl is not as dependent as Dougles fir upon mycorrhizee. He
contends that the fungus, which is associated with the fir, hes
difficulty establishing itself in the dry soil of the prairie.

This he concluded is why the Douglas fir has difficulty in iavading
the open grassland. He further states that the decaying leaves from
the oak furnish humus for other plants and eventually for the Douglaes
fir.

John Muir (1918), the fomous California naturalist, had an
opportunity to observe the prairies. He noticed that the ground was
dry and gravelly and that the parent material was water-washed
pebbles and cobbles of glacial origin--conditions he felt readily
explained the absence of trees.

Hensen (1947b) attributes the existence of the prairieé to two
factors, the porous, gravelly parent material of the soil plus the
dry sumer mbnths, and the burning of the prairies by periodic fires.

Each theory in itself does nﬁt satisfactorily explain the
existence of the prairies. Most of the ideas, with the exception
cf Hansen's, are based upon rather casual observetion at a time when
the entire picture was not known. The statement by Cooper that fire
was not important in the develomment of the prairies is Dbased on
too few facts. The presence of large f'irs nmeans that particular
portion of the prairie had not burned for some time, and that the
Tir had growvn large enough to withstand the occasional burning.

It should be realized that fire was not the only factor involved in
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the prevention of the encroachment of the Douglas fir. The invasion
by the Douglas fir was also slowed by the dry infertile soil and
the closed prairie community.

Cooper explains why Trowbridge's idea could not be correct.
After a forest burns the tendency is to return to forest and not
prairie. The idea of a mycological association, as explained by
Mengum, should not be rejected. It warrants further investigation.

Hansen (1947b) postulated the most plausible explanation for the
existence of the. preiries to date. My findings support his ideas
as to the origin of the prairies. I have shown that the total
annual precipitation is less than in other areas of the Northwest.
The absence of moisture in the subsoil makes the upper soil very

cy in summer, a time when there is very little rain. My fiandings
indicate that fire was much more prevalent on the prairies when the
whites entered the Northwest. Many of these fires were doubtless
set by the Indians for a specific purpose. They must have been
setting fires deliberately for scme time before the coming of the

wnite men.

Problems for Further Investigation

In the course of the ianvestigation, problems have occurred
to me which merit investigating; their soluticus would greatly aid
in understanding the origin and nature of the Western Washington
prairies:

1. Further investigation of the peat bogs of the area should

-

4\\
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be carried out in order to sce what other species were present with
the arborescent species. In this way it may be possible to recon-
struct more fully the post-glacial vegetation. |

2. Investigation of the post-glacicl wind direction. If the
prevailing storm systems during portions of the post-Pleistocene
were fram the northwest instead of the southwest, this would put the
preiries in a rain shadow of the Olympic Mountains similar to the
shadow presently at Sequim.

3. Investigation of soils should be undertaken in detail.
Carelful camparisons of forested and nonforested Spanawey series
soils might give same clues as to whether or not the prairies were
ever forested. Two things to look for might be the presence or

bsence of charccel in the profile and changes in the physical and
chemical properties of the soil which might be irreversible.

L. Fertility studies of the soils should be undertekea. The
growth cf Dougles fir on Spanawey soil should be studied more
carefully.

5. The effect of fire upon the vegetation should be examined
and camparisons made between burned and unburned areas. Changes in
species campositicons and regeneration of species should be investi-
gated.

G. The effect of mechanicel disturbances and grazing should be
undertaken. Sowing of Douglas fir seeds in undisturbed prairie
vegetation and in disturbed sites could e coupared. The same sort

of study could be undertaken with weedy species.

(o]

N
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7. The phytogeography of the species involved should be
studied. Comparisous of similar arceas oa the West Coast from tne
standpoint of Iloristic camposition and ecology should be investigated.
The ranges and centers of distribution of the species involved nced
to be documented.

A few of the questions posed ian the introduction have been
answered. To the unanswered guestions, the manner of obtaining the
answer has been suggested. lew problems have been uncovered and the

way to their answers pointed out.

The prairies of Western Washington are being encroached upon by
the swrrounding Douglas fir forests. The exact cause of this
phenomenon is not known. This thesis i1s a preliminary investigation
of these physiographic units, their changes through time and probable
causes of the chenges. In the course of the investigation most of
the existing literature has been reviewed and evaluated. From this
has come a restatement of the ideas concerning the origins and
maintenance of the prairies and some ideas concerning the causes of
encroachment of the Douglas fir. In the earlier literature there
were many ideas postulated but few facts to support these idecas. For
example, the prairies were said to be in a zone of low precipitation,
but the amount of precipitation was not stated. This thesis has

attempted to clarify as many of these vague refercnces as possible.
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From a review of the palynological literature the post-glacial
forest succession in the immediate vicinity of the prairies was
determined. The nature and extent of the prairies from 1800 to
1900 was on the basis of the writings, diaries, and journals of
early explorers in the region. The Land Office Surveys of the 1850s
have greatly cided in giving an objective view of the prairies at
that time.

From the above studies the following factors are believed to be
involved in the origin and meintenance of the preiries of Western
Washington:

1. Drought caused by the occurrence of soll parent material
which is porous, sterile, gravelly outwash of glacial origin, and
low precipitation in the sumer;

2. A hypsothermel period of about 6,000 years ago which aided
in the establishment of the present type of vegetation;

3- Frequent burning of the prairies from natural causes, by
the Indians and possibly the early white men;

L. The presence of a closed, well adapted original prairie
caomunity.

Rapid encroachment by the Douglas fir eppears to have been
relatively recent (the last hundred years), and its rise in magnitude
sudden. This movement onto the prairies coincided with the following

envirocamentel changes:

7
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A PARTIAL SPECIES LIST |

Most species on this list are found or have been collected on R
the gravelly prairies of Western Washington. Scme are meationed in 5
the text. The list was campiled from four sources: Piper (1906),

Rigg (1917), the University of Washington Herbarium, and my own

collection.
Collector Collection No. o
Polypodiaceae e 2
Polypodium vulgare L. var.
occidentsle Hook. FAL # b
Polystichum munitum (Kaulf.) ‘ i1
Presl. R* v
Pteridium aquilinum (L.) Kuhn. A
var. pubescens Underw. FAL PsT "
Pinaccae &
Pinus contorta Loud. R P
P. ponderosa Dougl. P e
Tsuza heterophylla (Raf.) Sarg. R | o
Pseudotsuga menziesii (Mirb.)
Franco.
Cupressaceae
Juniperus scopulorun Sarg. R ¢
Greminacae >
Agrostis diegoensis Vasey
Aira caryophyllea L. R. C. Bunn #8712 e
Anthoxanthum odoratum L. I. C. Otis #20h1 i
Arrhenatherum elatius (L.) =
Mert. and Kolk 1CO #4008 f
Bromus carniatus H & A G. N. Jones #1599
B. ciliatus L. J. B. Flett 20-6-1897
B. mollis L. JBF L,-.38-1897
Danthonia californica Boland.
var. americana (Scriba.)
Hitehe. RCB #1ell
Deschampsia elongata (Hook.)
Munro ex. Eenth. JBF 4-8-1897 :
Elymus glsucus Buckl. ICo #2006
Festuca idshoensis Elmer JBF 22-5-1897
F. megalura Nutt. L. F. Henderson 24-5-1892 R
F. occidentalis Hook. IFY 2-6-1892 >

*R = Rigg (1917), P = Piper (1906). After the neme of a collector
has been written out, it is abbreviated.



F. rubra L.

Holcus lanatus L.

Koeleria cristata (L.) Pers.

Penicum capillare L. var.

occidentale Rydb.

P. pacificum Hitch. & Chase

P. scribnerianum Nash

Poa canpressa L.

P. howellii Vasey & Scribn.

P. pratensis L.

P. trivaeilis L.

Trisetum cernuum Trin.
Cyperaceae

Carex inops Bailey
Juncaceae

Luzula multiflora (Retz.) Lej
Liliaceae

Brodicea coronaria {Salisb.)

Jeps.
B. hyacinthina (Lindl.) Baker
B. pulchella (Salisb.) Greene

104

Cemassia quamash (Pursh.) Wats.

Erythronium oregonum Appleg.

Fritilleoria lonceolata Pursh.

Trillium chloropetalum (Torr.

Howell

T. ovatum Pursh.

Zygedenus venenosus Wats.
Irdaceae

Iris tenax Dougl.

Sisyrinchium idahoense Bickn.
Orchidaceae

Corallorhiza maculata Raf.

Goodyera oblongifolia Raf.

)

Habenaria unalaschensis (Spreng)
lats. var. elata (Jeps.) Corr.

Salicacecae
Salix scouleriana Barr.
Betulaceas
Corylus cornuta Marsa. var.
californica (A. DC.) Sharp
agaccaoe
Quercus garryana Dougl.
Polygonaceae
Polygonun spergulariseforme
Meisn.
Rumex acetosells L.
R. maritimm L. var. fueginus
(Pnil.) Dusea.
Portulaceae
" Claytonia linearis Dougl.

f

RCB
FAL
RCB

E. C. Smith
ICOo

e
-

L. C. Andersmn
JBP

A. R. Kruckeberg
JBF

C. L. Hitchcock
FAL

JBF

ICo

P

ICo

C1H

J. W. Thampson
CGILT

FAL

ClT

GNJ

FAL
FAL

FAL

R

Gl

FIR
FAL

JWT

#1189
#1226

7-1890
11723
IS0k

81k

1896
2139
1-6-1897
20-7-1892

#3258

16

13-7-1895
#1924

#2049
13259
#5154

#4651
#4651

609

7

i

e

|

114

6-1892
#1T

8-8-1888
#5147
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Potentilla gracilis Dougl
Prunus demissa (Nutt.) D. Dietr.
Leguminosae
Cytisus scoparius (L.) Link.
Ilotus americana {(Mitt.) Bisch.
L. douglesii Greene
L. formosissimus Greene
L. micranthus Benth.
Lupinus albicaulis Dougl.
L. lepidus Dougl.
L. micranthus Dougl.
L. rivularis Dougl.
Trifolium bifidum Gray
T. dubium Sibth.
T. microcephcilum Pursh.
T. tridentatum Lindl.
T. variegatum Nutt.
T. wormsikjollii Iehnm.
Vicia americana Muhl.
V. angustifolia (L.) Reich.
Geraniaccae
Erodium cicutarium (L.) L. Hor.
Geranium dissectum L.
G. meclle L.
wphorbiaceas
Euphorbia serpyllifolia Pers.
Celastraceae
Pachystima myrsinities Raf.
Aceracece
Acer circinatum Pursh.
A. macrophyllum Pursh.
Rharmaceae
Ceanothus sanguineus Pursh.
Malvaceae
Sidalcea campestris Greene
Hypericacece
Hypericum perforatum L.
Violaceae
Viola adunca J. E. Sum.
V. howellii Gray
V. praemorsa Dougl. ssp. major
(Hook.) Baker & Claus.
Cnogracece
Boisduvalia stricta (Gray)
Greene
Epilobiun minutum Lindl.
Godetia amoena (Lehm.) G. Don
G. quadrivulnera (Douzl.) Spach.

P

1T
Ny

ICo
Gl
GIT
C. V. Piper

JBF

cvp
ICOo
JEF

#1kh5
#902

#1440

#10 109
14656

905
14-7-1896
o0l
20-6-1896
#3600

1-9-1891

1-7-1896

#4601

A7
o9

#4637

10-5-189k

27-5-18838
#2024
7907
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Hieracium albiflorum Hook. r L,-8-1897
H. cynoglossoides Arv.-Touv. JWD #7352
H. scouleri Hook.
Hypochaeris radicata L. FAL Ay
H. glabra L. G /1615
Madia exigna (Sm.) Gray JB 1-7-1896
M. madioides (Ifutt.) Greene JBF 8-1896
M. minima (Cray) Keck P
Microseris lacinata Schultz-Bip. ARK #2736
Psilocarpus elatior Gray JBP ; #895
Senecio macounii Greene P, '
Solidago glutinosa Nutt. ICO #1905
S. spathulata var. neomexicansa

(Gray) Crong. E. C. Smith #886

S. missouriensis Nutt. E. C. Smith #1077
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