The study was undertaken with the dusal purpose of
determining the nature of the community or communities
constituting the forest and determining how 1t was able to
survive under conditions whieh normally do not permit the
growth of ponderosa pine, To implement the more general
purpose, eight more specific objectives were defined. It
waa expected that probably not all of these could be
accomplished--at lsast not to the fullest degree. However,
it was felt that a meaningful appraisal of the situation
could not be attained without pursuing these objectives.

The objectivea were ag follows:

1. To characterize the vegetation of the Lost
Forest and adjacent area.
2o To characterizs esnd compare the secils of the
Lost Forest and the adjacent area and toc re-
late them to vegetstion types, where possible.
3. To determine the natursl stability of the
present stand and ascertain whether 1t is
inereasing or decreasing.
4s To characterize c¢limatic factors ia the Lost

Forest.

Lo
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To determine the means by which ponderosa
pine trees exist under the present condi-
tions of low preecipitation.

To determine resson(s) for differences 1in
vegetation within the forest and between

the forest and the ad)acent area.

To determine the orlgin of stand 1f possible.
To determine the impact of past and present
land use on the forest and immediate

vieinity.



REVIEW OF THE LITERATURE

Soil-vegetation Relationshlps

No soil=-vegsetstion studies have been completed in the
Sierozem Soll Zone concerned in this study. Eckert (00)
however, conducted a soilevegetation study in the Brown
Soil area of Northern Lake and Harney Countles. Hs
succeeded in defining four ssparate communities. These

were (1) Artemisia tridentata - Agropyron spicatum;

(2) Artemisia tridentsts var. arbuscula - Festuca 3;?
ldehoensis and (L) Artemisia tridentata var. arbuscula =

Agropyron spicatum. In addition to the typleal Artemisia

tridentata - Agropyron splcatum community, & Stipa phase
was also recognlized.

Feokert also conducted moisture depletion studlies in
the solls related to each of his plant communities and from
these he concluded that 301l moisture depletion was the key
to vegetation associations.

Dyrness (59) conducted a soil~vegetation relationship
study in the pondeross pine type fifty miles southwest of
the ILost Forest. Soils in the area studied by Dyrness are
dissimilar from those in the Lost Forest area in that they

Lhe
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are derived from an asolian parent materlal conslsting
mostly of pimice sand and gravel from Mt, Mazama. The
precipitation of the area is approximately twenty inches
or slightly more than twice that of the Lost Forest. The
area studied by Dyrness 1s also characterized by & much
greater numbsr of plant specles, as would be expected in
the more mesic environment.

Tyrness {59} was sble to define slx interpretive
vegetation units whieh he listed in order of increasing
effective moisture as follows:

(1) Pinus ponderosa - {Purshia tridentats)

(2) Pinus ponderose = (Purshia tridentstc Festuca

idahoenais)

(3) Pinus pondeross - (Purshia tridentata,

éégawhgnw““¥%aArctostaghylos parrvana var. pineforum

(Rollins) Wies, & Schr.)

() Pinus'andéfoéégxceanothus velutinus Dougl, =

Purshia tridentata)

(5) Pinus ponderosa (Ceanothus velutinus)

(6) Abies concolor Lindl. {(Ceanocthus velutinus)

The elevations in the study ares were from 5,000 to

6,300 feet above sea level,



Autecology of Shrubs and Treea

The autecology of many of the common species found in
the Lost Forest area is incompletely known. Since it is
desirable, however, to know as much as possible of the
nutrient requirements, physiology, climatic responses,
morphology and other characteristics of as many associated
species as possible, the llterature concerning the following
species is reviewed., Photograpirs accompanying the litera-

ture review were taken in the Lost Forest.

Bitter Brush (Purshia tridentata) - Bitter brush grows

throughout the arid seetions ol eastern Oregon, Washington,
the Roeky Mountains and in Californla. It is a rigidqd,
copiously branched shrub with small, narrow leaves. It
may reach heights of as much as twelve to fifteen feet but
normally grows as a shrub of three or four feet in height.
At elevations of l},000 feet, flowering normally occurs in
May and early June. In the Lost Forest it {lowers in May
with seeds maturing in early July. Leaves appear at these
altitudes in April.

Steaton (147) found thet bitter brush plants from
eloven to fifteen years of age were overtopping sagebrush
of any age and that mean helghts more than doubled in the
next five years after thils oecurred. Bltter brush ap-

parently finds 1lts optimum habitat on cutover ponderosa
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pine sites in central Oragon. Most of the soils in this
region are 6f pumice origin. Stanton (147) indicates that
bitter brush growth is considerably more rapid than that of
sagebrush. He gave mean heights of eighteen inches for
sagebrush at elghteen to.twenty years and twenty-seven
inches for bitter brush at the end of epproximately the
same perieod. 3Seedlings average s3ix to eight inches in
neight at the end of one year and are three feet high in
three years. Crown-dliameter growti of bitter brush in
sagebrush sites far exceeded that in either ponderosa pine
sites or lodgepole pine sites.

Young bitter brush seedlings no more than two or three
inches tall have roots that penetrate the soil fifteen to
twenty inches or more (Figure 17). Biltter brush seedlings,
like those of rabblt brush and big sagebrush, rapldly
produce long teproots (119). Bitter brusa rarely sprouts
but may reproduce by layering oi' the lower branches. As
in most plants resistance of the species to adverse or
extreme conditions veries with its age. Young seedlings
nave much less resistance than older plants. The plent is
very easily destroyed by fire., Rabbit brush appears to
invade burned over areas muech more rapidly than bltter
brush and, therefore, fire may favor the development of
rabblt brush over bitter brush.

Bitter brush is susceptible to attacks by tent cater-
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pillars (Malscosoma fragilis 3tretch). It is also sus-

ceptibls to other lnsects causing damage to shrubs; tut

tent ceterpillars are the most serious. Light browsing
causes the plants to produce less foliage Hut may slso causse
them to grow tallsr under such circumstances. Cllpping as
mueh as seventy-five per cent or more of the twigs practi-
cally stops helight growth. WModerate clipping suppresses
flower growth, thus reducing seed production.

Forsling and Storm, as cited by Stanton (1447) concluded
that close utilization could eventually eliminate bitter
brush.

Hormay, as cited by Stanton (147), indicates that the
1ife span of bitter brush is probably between sixty and
seventy years. It begins soced production at the Tourth
or fifth year. The most consplcuous mode of sesd distri~
bution is by rodents. Rodents taks the ripenced seseds and
hide them in the ground. Consequently, seedlings from the
cached sseds always appear in clusters. Stanton (147)
states that chipmunks end goldenmasntled ground squirrels
ars principally responsible,

The seeds are viable for a number of years. Seeds
germinated at low temperatures (33° tec 38°F) have optimum
germination when planted in depths of from 1 to 1.5 inches
(119), Bitter brush seed requires cold treatment before

germination i3 possible., Stanton (1L7) reports that the
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rapldly elongated taproot may penetrate from 3.0 to 3.5
feet of light textured soil in three months following
emergence.,

The seedlings are relatively resistant to heat damage.
Stanton subjected two-weelk o0ld seedlings to 150°F for one
hour. The plants survived in apparently good condition

and were s8till alive two months leter,

ilabbit Brush (Chrysothamnus sp.) - Peck (132) lists twe

species of rabbit brush; these are gray rabbit brush (C.
nauseosus) and stieky-flowered or green rabbit brush (C.

viscidiflorus). He also recognizes four varisties of gray

rabbit brush and four varieties of atleky~flowered rabbit
brush. Individual charscteristics of each of the varieties
of the two species were readily identifiable in the fleld.
However, intergrading of varietal characteristics from
plant to plant was ecommon in the Lost Forest. For this
reason only the species have been rscegnized in thne
analysis of vegetation.

Both Chrysothamnus, {(C. nauseosus) and (C. viscidi-

florus), are low shrubs with consplcuous golden yellow
flowers which are produced in late summer and early autumn,
Gray rabbit brush grows as a low shrub; the average aeight
is from twelve to thirty inches. Green rabblt brush ia
also a low shrub but rarely exceeds twenty~four inches in

helght and more commonly occurs from twelve to eighteen



Figure 18 Gray rabbit brush invading site left by dead ponderosa pine.
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inches. Without competition gray rabblt brush may reach
thirty-six to thirty-eight inches in height and thirty-six
to forty=eight inches in ecrown diameter of from ten te
eight feet. McKell (119) alse noted plants near Fort Rock
nearly this lerge. (. nauseosus nay reach fifty years of

age while C. viscldiflorus rarely exceeds lwenty-three

years (119).

Both species are found in arid reglons tnroughout the
Great Basin area from the lowest elevations to the higher
points (119). It is also found throughout most of the
other arid regions of the west., Sagebrush also appears to
reduce their flowering frequeney. This is particularly

true of C. viscidiflorus.

Seeds of both specles are wind disseminated, and the
range of dlssemination by this means is from four-hundred
to five-hundred feet (119). This i1s much higher than for
sagebrush snd may partlally account for the rapid as-
cendance of rabbit brush when sage is disturbed,

Seeds may germinate immediately upon meturity at (119)
temperatures from 5 to 30°C, This may also be a factor in
the invasion of rabbit brush into sage communities., I
experiments conducted by MecKell (119), rabbit brush seed-
lings were resistant to temperatures as low as «5%C when
germinated at +5°C. Those germinated at higher temperatures

were unable to survive freezing. Seedling survivael appears
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best on the loamy-sand soils when seeds are planted at
depths of from 1/l to 1/8 inches. TFour-week old seedlings
were able to survive temperatures of approximately 140°F as
long as the roots Qere in moist soil. According to McKell
drought resistance appears to develop early in the =eedling

stage. A higher percentage of (. viscidiflorus seedlings

survive extreme drought than those of . nauseosus sesd-

lings. C. viscidiflorus seedlings were able to endure
lover soll molsture percentage than either C. naussosus or

Artemisla tridentata.

C. nauseosus also has the abllity to sprout coplously
from the crown after fire or mechanical damage (119). It
sppears also to be remerkably resistant to damage from
insects and grazing.

The root growth rate of C. viacidiflorus seedlings is

greater than that o¢f C. nauseosus (119). Root growth rates
of big sage seedlings 1s intermediate between the two.

Flowering and seed productlon are relatively high for
both species (119). 1In the Northern Great Basin area C.
nauseosus plants growlng with heavy stands of bunch grass
produce many less flowers than normal,.

Both species commence lsaf development in April and
May; initiael fleower buds cccur in July and June; mature
flowers in September snd October. Seeds are disseminated

from September and through November. Flowers mature at
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intervals on individual plants so that seeds are belng

disseminated over a conslderabls pariod of time (119).

Big Sage (Artemisia tridentsta) - Big sage is an erect or

aseending shrub from 1.5 feet to 16.0 feet in height (69).
It 1s often arborsescent in hablit but usually has abundant
branches. It most often grows in felrly dense stands of
from three to five feet in height vut may form dense stands
mueh teller. Individual plants may have crowns six to
eight feet iu diameter but three to four feet is muca more
commone It appears to occupy almost any arid sites from a
few hundred feet in elevation to close to the timber line.
It is commonly associated with rabbit brush and bunch grass
(Agropyron sp.)s It appears to transcend all soil types

as well as altitudinal ranges although on some of the more
alkeline drylake beds, 1t is replaced by A. cans and in

others by its diminutive form A. tridentata var. arbusculsa.

Sagebrush is falrly resistant to most damaging agencies
but is readily destroyed by fire where it growvs in dense
stands. Moomaw (1l2l) states that it has a tendency to in-

crease with grazing. Goodwin (69) reports that the root

systems of Artemisia tridentata sesdlings are able to
continue growing sven though the air temperaturs iz below
freezing but aerial groﬁth of seadlings proceeds only with
high temperature., This also corresponds with occurrence

of twig growth on mature plants. Two sets of faliage
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produced during the growing season overlap and give the
shrub the appsarance of an evergreen.

The root system of the shrub is varying in its pattern
of development. It may have a deep taproot or a shellow
layer of fibrous roots. A flbrous root system distributed
over a wlde area approximetely six inches below tihe surface
utilizes surface molsture immediately after each rain
before it qulckly subsides to lower levels. The taproot
extracts moisture from the more dependable sources at
greater depths. Production of the lateral root system

beginag at about four months.

Pondeross Pine (Pinus ponderosa) - Ponderosa pine is a

large pine up to 70 meters high with diameters as much as
2.5 meters (Peck, 132). It often reaches ages of 300 to
500 yoars. Keen (106) found one in south central Oregon
to be 668 years old. One has been recorded at 726 years.
The specles geographical range is from southern British
Columbia into Mexico and as far east as lebraska. Its
western limit i1s the coast ranges of Oregon, Washington
and California. It grows from sea level to altitudes of
9,000 feet although 1ts upper limits in Oregon are much
lower. Optimum development of stands in the Great DPasin
is at four to five thousand feet.

Curtis and Lynch (44) and Isaac (101) give its mini-

mum precipitation rsquirements as about ten inches.
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Average asnnual temperatures of its range are between 41.8
and 4,9,8°F, With good drainage the trees may grow under
conditions of extremely heavy rainfall, In north central
California the species is found growing in stands where
the precipitation is as high as 69 inches, Meyer (122)
states that ponderosa pine reaches its best devalopment on
well drained, deep sandy, gravel or clay loams.

Munger (126) has stated that ponderesa pilnss are
sbsent where an impervious substratum exists. Holltby,
Pearson and Tarrant as cited by Curtis and Lynch (4l) state
that texture of the soil is probably mueh more lmportant in
the tree's development than its chemical constituents,.

Ponderosa pine seesdlings grow slowly up to twenty
years. The average height of ponderossa pine in a site of
medium quality at twenty-years is only approximately
twenty feet, on poorer sites not mueh over ten feet.

After a period of slow seedling development, growth may be
very rapld even on the poor sites,

Ponderosa pine is a fairly prolific seeder but seeds
are subject to damage in the cone by a varlety of insects,
After dissemination seeds are sought as food by many birds
and mammals, The most common and probably the most de-
structive of the latter is the deer mouse or white footed
mouse.

Seqps are distributed by the wind. Very few seeds are



Figure 21.
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Two to three year old poncerossa pline seedlings grown
under a gray rabbit brush plant.
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carried over one hundred feef beyond the edge of timber,
Ponderosa pine seedlings appear remarkably resistsnt to
most destructive agents when they are tested under arti=-
fieial conditions. The survival of seedlings in the forest
is extremely low. They are subject to destruction by cut
worus, birds, rodents, damoing-off fungi, heat, drought,
cold and other damaging agenciles.

One-hundred-and-ten-cay old seedlings can withstand
instantaneous temperatures oi 136 to 180°F (4y). Somse
seedlings are able to survive irn regions whers soil
temperature reaches as high as 162°F (11l).

Fonderosa pine is an extravagant user of moisture when
it is readily avallable, but 1ts ability to send down a
fast growing taproot enables 1t to survive on and domlnate
difficult sites where competition iz not high (17). Roots
of one-year-old natural seedlings have been known to reach
average lengths of 22, inches with an average top height
of only 2.8 inches (Figure 21), As a seedling it also
possesses the ability to withstand prolonged periods of
high soil moisture stress (68).

Four-year o0ld seedling roots can average £s muci es
Tive feet in length. Seedlings require full light for
mnaximum development. They will, nevertheless, withstand
overstory shade and root competition for as much as forty

Years,



Trees produce flowers and seed as early as sixteen
years bubt produce most heavily from sixty to one-hundred
yeare in sge. Seeds are distributed from the latter part
of August through November. Germination rate of seed 1s
relaetively high with ninety to ninety«~five per cent germi-
nation under favorable conditions. TUnder field conditlons
germination 1s eonsiderably less. All trees do not bear
each year but no periodicity has been detected. IFloweriag
oceurs from May through June with cones and seeds maturing
a little over one year subseguent to pollinization,

Towells (68) reports thet on the western slopes of tho
Sierra Nevada the height growth of ponderosa plne started
significantly later with each 2,000-foot rise in elevation
and likewise radial growth started later with each lncre~
ment in elevation.

From the sapling stage to maturity ponderosa pline is
subject to attack by many insects (ll4). The most cowmon

are the western pine beetle, Tendroctonus brevicomls Lec.,

end the mountain pine beetle . monticolas Hopke The red

turpentine beetle U, valens Lec. also frequently attacks
pondeross pine but in moat cases 13 only a secondary
insect. Ponderosa pines are also subject to defolliation by
insects. Most common of these ave the pine buttarfly

Neophasie menapla Feld, the pandore moth Coloradia pandora

Blake, and sawflles Neodiptrion spp.

The trees are also attacked by rootrot and buttrot,
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FPomeg annosus (Fres) Karst. Needle blight (Elytrodermsa

deformans) (Weir) Darker, and other fungi may attack foli-

age., The tree also supports dwarf mistletoe (Arceuthebium

campylopodum forme campylopodum) (Englem) Gill. Normally

these parssites are found essociated with ponderosa pine
wherever it grows ln eastern Oregon. ronderosa pine trees
are also seriously damaged by the poreupine (Erethizon

dorsatum epixanthum.

Young trees are damaged by fire; the tnick barked
older stems are very resistant. The tree is alse resistant
to windthrow probebly because of its rather massive and
deeply penetrating root system. The roots often extend
outward as far as 150 feet particulsrly in loose soils.

Fach season's growth of ponderosa plne leaves remain
on the trees for about three ysars.

Pearson (128) states that, in Arizona, one of the
limiting factors for distribution of ponderosa pine 1s
temperature, rarticularly temperatures adequate for
germination during June and early July. He found that
se=2dlings grown in half shade without outside root compe-
tition survived well but after five years became so
extremely slender that they were unable to bear their own
welght,. In twenty-five per cent shade they were able to
maintain normal development. Fighty-five per cent shade

produces almost total mortality within two years. Pearson
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states that ponderosa pine is not exacking in regard to
socil. ITsasc (101l) reports that ponderosa pine does best
on a s0il with a pi values of 5.0 to 7.0 but survives at pH

values from 5.0 to 9.0,

Western Juniper (Juniperus occidentalis) - Peck (132)

describes Western juniper (Junlperus occidentalis) as a

tree which commonly reaches up to 20 meters in height and
withh a trvnk diameter up to 1.5 mntera. It has a broad
flattened crown with relatively deuse foliage.

Western juniper is distributed throughout the arid
areas of eastern Uregon, Washington and California. It
appears to grow at almost any slevation except the high
peaks. It is most commonly found on rocky ridges. Unlike
J. scopolorum Sarg. it is not often found on highly cal-
careous soil. In fact, Eekert (60) found that the so0il

under J. occidentelis is 1.0 pH unit more acid in reaction

then the so0il of the ad jacent area. Ickert has assumed that
this 1s an effect rather than a cause of the junipers!
presence.

Western junliper 1s dlioecious withh the fruits requiring
two years to nature. They may commence bearing at twenty-
five to thirty years of age. 7The fruits are fleshy and are
eaten by birds. Loing distance distribution of seeds is

moat commonly effected through the dropplings of birds and
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some memmals, Junlpers may be prolifie producers of secds
at certaln times but during some yesrs the fruits are
notlceably sbsent, Seeds ripen in the autumn but may
remain on the tree through most of the winter. Follen is
produced in late Manrch.

Resistance of western Jjuniper to biotle agents except
trunk rot is high., It 1s rather easily destroyed by fire.
Trunks of trees pertially destroyed by trunk rot sre easily
i1gnited and burn readily until the trunk is complstely
severed, Herman (90) states that the western juniper mois-

ture requirements are less than those of J. scopulorum,

The roots of western juniper seedlings are fibrous and
begin to extend to considerable horizontal distances sven
at an early age (Figure 22). Tckert (60), states that
juniper roots were considersbly deeper than those of other

(non~-arborescent) plants.

Present Climate

Frecipitation - The climate of the portion of the Nortiern

Great bBasin in Oregon is that of the Cold Uesert or Steppe
(93). The ILost Forest area is subject to no major changes
in topography which might greatly alter its local climate.
This is partiocularly true of precipltation when considered
in perlods of a year or longer. It 1s too far away from

the high peaks of the Cascades and the other lower peaks
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to the South and Soutlwest to be subject to major vari-
etions in ralinfall or snowfall, In fact, there is no break
in the topography over cone-hundred vertical feet for twelve
milea to the south, socuthwest, and west, the directions
from which the storms move. One must go at least fifty
miles in the direections from which the storms proceed to
find elevations over 2,200 feet above the level of the Lost
Forest. For the preceding reasons it appears justified to
assume that Lost Torest 1g located in a precipltation zone
similar to that of the adjacent areas. One variation of
the ILost Morest from the general pattern is that due to
thunderstorms whieh are of localized influence and which
follow erratic psths. Flgure 23, on which anmual precipi-
tation has been plotted for each year for each local stetion,
shows good genersal agrsement, however. United States
Weather Bureau records (153, 154, 155, 156, 157) are the
primary source of climatologlcal information.

A United States Weather Bursau statlon at Cliflf,
located four miles west of the Lost Forsst, was in oper-
stion for nine years--seven of those years concurrently
with the Fremont station located in the western end of
the Fort Rock portion of the lake basin (154). The latter
station 1s still in operatlon. Thus a means of converting
precipitation data for the Lost Forest vicinity was

avallable., FExecept where otherwise stated, precipitation
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deta gilven for the Lost Forest will be the direct obser-
vation taken at Cliff for the years 1908-1916 with the
remainder of the years from 1900-1960 converted from
Fremont (153) to the CGliff station. The conversion wes
based on the mean ratio of the twn stations for the years
of concurrent operation.

Anriual filgures asre on an October to 3eptember basis
rather than January to Dacember basis. The mean annvel
precipitation thus projected for the years 1900-1960 1s
8474 inches. The mesn determined by dirsct observation at
Cliff during the years 1908-1916 13 9.62 inches. The
difference is to be expected since the pseriod of very low
precipitation following ebandomment of the Cliff station
contributed greatly to lowering the long-term mesan. The
annual mean may also be compered tc observations taken at
the Poplars (156, 157) located several miles to the southe
wast (see Figure 1), The anmial mean for the years 1941-
1960 18 only 10.66 inches, although the years 19,1-1960
cover & period of much heavier than normal precipitation,
The converte@ Cliff data provides a reasonsbly accurate
approximation of Lost Forest precipitation. This is an
egssential peoint since any plant community normally require
ing higher precipitaetion than that of the general region
in which 1t 1s growing could conceivably be the result of

a loceal variation in the general weather pattern. It seems



67

quite conclusive that this iz not a factor here.

The best observations on the snowfall are those made
at Cliff during the years 1908-1916; these have been
summarized from the deta provided by Whistler and Lewls
(160) (see Appendix 2). From these records and personal
observations most of the snow has melted by the middle of
March although snow may occur even into June. The monthly
occurrence of precipitation for the Cliff - Loat Forest
area is 1llustrated in Figure 2i.

Considerable variation appears from year to year
particularly during those months immediately proceding and
during the growing season. The monthly occurrence of
preeipitation for all observation stations in the Christmas
Leke Basin is summarized briefly in Appendix 5. Maxima for
the months of January, February, May, June, October, No-
vember and December may be as high as three inches or more.
Maxima for April, July, August and September are much lower,
Minime in many months of the year may be zero or a few
hundredth inches. Thus although trends are distinct,
complete absence of precipitation to a maximum of several
inches can normally be expected for any month.

The data f#om the Ana River station which was in oper-
ation at approximately the same time as the Cliff station
were also analyzed for monthly maxima. There were three

months in which the precipitation exceeded %two inches.
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Months with grester than .60 inches were fairly freguent.

The total quantity of rain occurring in each indle
vidual storm is of particular importenece ln characterizing
the c¢limate of desert and semi-dessrt regions. Light
rains are guickly dissipated by eveporation into the dry
atmosphere., Rainfall of a few hundredth inches may be
entirely lost as far a3 replenishing the so0il moisture is
concerned, Total evaporational loss is not proportionally
greater during more intense storms. Thus precipitation
gceurring in the heavier gstorms has a greater effect on
so0ll moisture.

The data collected at tihe i'reqont station for the
years 1951-1960 have been analyzed for the relative amounts
of precipitation occurring in storms of less than «20 inches
and precipltation cccurring in storms of greater than .20
inches for the months of February, Mareh, April, May and

June {(Table 1).

Temperature - Local samall scale dirferences in topography,

ground surface cover, and other environmental factors oiten
have a very profound effect upon temperatures. For this
reason, no attempt has been made to convert temperature
data from any of the stations to the Cliff or Lost Forest
sites. Long term trends are applicable, however, and the

data from other statlions may also be used for tiie purpose



" Table 1

OCCURRENCE OF PRECIPITATION IN STORMS OF OVER .20 INCHES
AND UNDER .20 INCHES, FREMONT STATION

PEBRUARY MARCH AFPRIL MAY JUNE
Amt, of Precip. Amt. of Precip. Amt. of Precip. Amt. of Precip. Amt. of Precip.
in storms of in storms of in storms of in storms of in storms of

Ye&l‘ o20"+ 020“- .20"+ .20"- 020"+ .20“- .20"+ .20"- 020"+ ‘.20""
1960 87 10 75 .28 - - « 00 .63 « 00 +05
1959 <98 . «20 «20 27 o0 21 23 .00 .0l
1958 - - - - .OO 0)4- 1012 .01 1021‘. 060
1957 «53 o5 1.32 .68 il o 36 1.00 ¢33 .00 .01
1956 1.60 « 61 <00 .16 1.35 « 00 3.45 <17 53 o34
1955 0,00 21 .00 ¢33 61 .16 <00 23 .00 o0

1954 ¢33 .07 40 «33 23 29 .00 .08 « 78 o 28
1953 1.00 36 <56 o 36 27 .13 1.70 31 .51 W4l
1952 1.64L 25 21 .16 21 .16 o6l «28 l.i41 e 59
1951 - - - hndad - ° OO -21 10LL6 ® 21 3 00 ) 05
Mean Per-

centage 1% 29% 58% L2% 65% 35% 19% 214 657 35%

oL
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of characterizing the c¢limate of the Lost Forest and
vieinity in a more general way.

Most of the forest is located on a leng, gentle slope
while many of the weather stations are located at the foot
or close to such alopess and are probably more suvject to
the influence of eold air drainage. Mean tomperatures for
the Iremont, the nearest weather sztation, are shown in
Table 2 for the years 1953 through 1960, The similar data
are shown in Table 3 for the same period of years for The
Poplars station, the only years during whiech complete
temperature deta are available. The msan temperatures are
approximately 1l.74° higher at The Poplers than at the
Fremont station. Thess data do not provide a factor by
which temperatures reported from other sites can be cone
vertsd to Lost Forest values. They do lndicate that a close
relationship does exist among stetions and that mean tempera-
tures of The Poplars probably cheracterize the general area.

Temperature records also were kept st T1iff, four miles
west of the Lost Forest. The mean temperatures are shown
in Appendix 2, for each year between 1907-1915. These
covered a period when no other complete records were avail-
able for any station now in operation. The only comparison
possible is that of the Cliff temperature means for the
period of 19081916 with the same data from The FPoplars

and Fremont for the current eight years (1953~-1960). It



Table 2

MEAN TEMPERATURES AT THE FREMONT STATION

Oct. Dec, Jan. reb, Mar. Apr., May June July Aug. 3Sept. Mean
L4546 27.0 23.6 29.0 38.0 L1.3 L2.2 53.9 66.1 56.4 Shodp L2.5
L6 26.0 32,9 31.2 35.7 L40.1 L2.7 3Bh.3 62.7 57.2 50.6 L2.8
Lﬁ-boé 330§ 29.8 36.0 32.1 3708 DBOZ b)-l-oB 59.8 6%.3 4909 -
2.2 32.5 18.6 30.6 39.1 L0.3 50.1 57.5 S?.é §b.u 56.9 -
42.2 28.5 29.g 23.1 33.5 4l.7 L49.3 52.8 01.1 26.5 51.9 -
116.9 28.6 20.5 28.1 31.9 32.9 LheO 55.3 55,0 57.1 51,5 ==
)4.009 25-1 28.7 33.6 3100 ).‘.0.2 LL?.B 2..},905 6102 53.0 )-},8.2 -
Ll-goo 3209 3505 33011- 3305 3703 )4-107 )-i-609 58-? 560}4- 5d07 -
Llie2 29.3 27.3 30.6 3. 38.9 Ub. 53.1 60.3 5h.8 52.8

cL



Table 3

MEAN TEMPERATURES AT THE POPLARS

Nove DeC. Jaile Feb. lar.

Year Oct. Apr. May June July Aug. S3Sept. Mean
1959 47.5 35.5 36.4 30.8 38.8 33.4 40.9 54.2 56.2 6L.3 65.2 53.4 Lé.l
1958 47.1 36,83 26.2 33,0 32,6 36. bhiel L5,0 57.3 6564 59.7 52.0 Lh.7
1957 L2.9 32,6 32.6 1§-h 32,0 37.2 L2,4 50.8 57,5 60.1 57-8 56.6 L43.4
1956 4L3.2 35. 31.0 28.5 26.1 35.9 43.5 50.9 53.1 §3.6 59.3 54.0 3.7
1955 ibe3 33.3 29.5 23.6 28.1 3. 36,0 46,5 57.5 359.3 @2.2 53.1 L2.5
1954 k3.1 39.4 27.2 29.9 34.7 32.3 L42.6 50.5 52.0 62.3 57.1 5l.4 U3.6
1953 Lle3 LBO.I 31.9 37.0 34.0 35.7 U40e2 L3.7 50.6 62,9 59.9 58.3 Lh.9
Mean L45.0 35.7 30.4 28.2 32.0 35.5 Ll.i U48.5 55.2 63.0 60.1 5holy Llel

€L



is found that the annual means of Cliff (1908-19016) are
intermediate between the means of Fremont and The Poplars
(1953-1960). It is obvioua that sueh a comparison is valid
for interpretations of climate during specific periods and
for specific stations only, A comparison was made of the
annual means for the same two periods in the records from
Baker, Oregon. This shows a mean temperature of L4.98° for
the period 1508-1916. The mean temperature at Baker for the
period of 1953-1960 was 4l;.99°. FExcept for the possible
influence of changing of immediate sites of stations, this
would certainly indicate that overall temperatures during
the two periocds are quite similar. Therefore, we may assume
that the mean temperature at the Cliff location 1s inter-
medlate between the mean of the Fremont and of The Poplars,
Figure 2l shows the monthly means for the Lost Forest Site.

As an exsmple of the maximum tempersatures of the Lost
Forest, those renorted by Whistler and Lewis {159) for the
period 19081915 at Cliff are shown in Appendix 2.

The Tree Ring Record = The relatiosnship ol tree ring growth

to changes in the normal precipitation pzsttern is too well
known to reguire discussion here (9) (58) (74) (106). Tree
ring growth is also sublect to many other such influences
23 insects, disease, fire and mechanical damage. The
effects of most of these, howevar, are of short duration.

Short term influences in indlvidual trees asre evasluated
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or eliminated by adjusting to the annual growth rates orf a
number of samples. 3Such adjustments are mads by matcning
a number of outstandlng points in the annual growth rates
to secure a minimum of disagreement, Individuals which
display & strong deviation from the population trend are
discarded.

Antevs (9) deseribes the relationship of tree ring
growth to precipitation 1n ssveral lecalitles in the Great
Basine, One of the locatlons was the Lakeview area whers
precipitation has been recorded since 1884, Tree ring
data were taken from two different sites.

Antevs'! charts show relative growth rates for the
Lakeview vieinity from the year 1455 to 1930. From his
data we find that the most severe drought condition since
the year 11,55 has been the rscent one from 1920 to 1936,

The most comprshensive work in characterizing the
climate ol southern Oregon through tree ring analysis has
been done by Keen (106). His studies were based on incre-
ment cores taken in the period between 1923 and 1936. One
of the trees analyzed was 668 years ocld. The record thus
begins in 1268 although for sixty-two years it is repre-
sented by but one tree. From the year 1330, however, he
has analyzed not less than ten individuals to make up
his tree ring calendar. In general his data agrees with

Antevs', particularly for the long-term trenda. No drought
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approaching the severity of that of 1920's and 1930's
appears in his entire 668<year record. In the 15th
century two relatively severs drought periods cccurred but
these were not of the magnitude of the recent one. In the
same century (1&15-1&26) there occurred the highest
positive departure from the nean in the entlre period

covered,

Recent Lake Records - The history of the Lost Forest and

viecinity 1s intimately related to the status of the lakes
of the area. Ior this reason the relationship of the
recent climate to lake levels is extremely important,
Silver Lake, located twenbty-eight miles southwest of the
Lost Forest has the most intaresting and valusble history.
Its record is also the most complete. The following
racords have been compiled from several sources (9) (308)

(11L) (159) (160);:



WATER LEVELS OF SILVER LAKE
1377 = Small remnant of once extensive body eof
water (6=7 miles by 2«4 miles)
1879 « L Water alkeline, fish present

1882 - 12' Had risen 6! since 1879, confluent witk
Thorn Lake

188¢ - O Lake dry, sagebrusi found on bottom

1891 ~ 8¢ Lake "filled," 9 x 12 miles in size
confluent with Thorn Lake (Antevs)

1904 - 10! Illustrated history "shallow enouga to
ride ascross.”

#1905 - 121 Overflowsd into Thorn Lake

1608 - 61 3 x 6 miles in size

1912 -~ 7! Five feet below high water mark
191 - 5t Engineers measurement

1915 - 2 Engineers measursment

1920 - 0! Irled up
1620 - 51 Ot Dry
#1952 ~ 61 Some rushes in center
##1955 = G Lake filling
##1956 - 101 Lake filled and covering highway
#1959 ~ 101t Lake still covering old highway

#1960 « 8 Lake level sappears about as in 1955

# All surface stream flow taken Jfor irrigation from
1905 to present.

#% Author's estimate from direct observation.
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The Silver Lake level fluctuations follow the three
year mean of preclpitation very closely and consequently
are very closely related to tree growth variation.

Keen (106) also found that the level of Goose Lake
near Lakeview corresponded to the departure Irom normal
tree growth as detsermined by his tree ring study. Further-
more, he found thet there was a good agreement with
Columbia River flow as recported at The Dalles. These
- and other data indicate that lake levels as well as the
general water supply of the basin i1s linked very closely
with the mean of the previous three years' precipltation.
It 1s also obwious that only a very slizht increase in the
precipitation over a period of several years could refill
2ll the o0ld lake basins. Of course, fluctuations in
temperature could also change the effective precipitation
by changlng evaporation rates. Since tree ring growth
should most accurately reflect moisture avallable after
evaporation, Keen's and Antev's records should indicate
with reasonable accuracy what the lake levels were for the
past six hundred yesars.

The tree ring records and the known history of the
lake levels in the basin‘indicate that modern Fossil,
Thorn, Christmas and Fort Rock laskes were probably dry for
most of the past seven-hundred yesars. They may have Tilled

to levels of a few feet during certain years of higher
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reinfall, There were probably exbtensive shallow lakes 1in
the 0ld beds during the so-called little ice age which
existe? circa 1650-1850 (57).

That extenslive filling of Fossil Lake has not happened
within recent times is certain. 3Several pine trees approxi-
mately 150 years of age are now growing on the extreme

eastern portion of Fossil Lake (see Figure 25A),

Climate of Wiseonsin Clacial Period to Historic Times

One of the lmportant objectives established for the
study of the Lost Forest was determining the source of the
ponderosa pine which 1s dlsjunct from its normal range. One
posslbility ror origin was the establishment through seeds
reaching the area from the main body of a forest some
thirty-five rilles away.

A more likely explmuation is that the pine forest is
8 relict of much more extensive forests whicn covered the
land areas extending above the pluvial leke levels. 1In
any event speculation as to the origin of tle forest re-
gulres an interpretation oif loecal conditions at least from
the late Wilsconsin glacial period to modern times.,

Martin (117) speaking of such vegetational discon-
tinuitles states that most existing range gaps and relict
populations date from the glacial period. In many cases,

changes in precipitation and temperatures alone are adequate



Trae from dune showling rapld growth
rate.

Figur‘e 250

Fremont Station location, right
background,
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to isolate specles especially wheu mountain barriers and
other physical barriers are present. In most of the larger
great basins where exterior drainage does not permit re-
moval of exeess precipitation the physical barriers are
most often in the form of lakes which change lovels and
boundaries frequently. Here, for instance, vegetatlion could
respond to changes in precipitation and temperature and
could be 1isolated by changes in the lakes which were them=-
selvea a result of climatic trends, The tlming, distri-
bution, gquantities and other characteristics of volcanilc
effluvia also have their effect upon vegetation. For these
reasons a careful interpretation of the e¢limate and geo~-
logical chronolegy of the general area is essential in
serving the obJectives of the study.

Although the continental 1se sheet did not extend into
Oregon during the Wisconsin Glacial Period there iz no
question that the cooler and uwetter climate of the period
had a very persistent effect upon both the vegetation and
the landscape (6L.). The Wisconsin Glacial Perlod is
commonly considered to have existed from 25,000 to 11,000
years ago. Four readvances together wlth intervening inter-
glaclal stages are recognized. The stages ars Cochran,
Monkato-Velders, Cary, and Tazewell (89). Suess (143)
states that the maximuwa lce sheot advance was 17,000 to

18,000 years ago and that the ice sheet persisted until
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epproximately 10,000 ysars ago. Libby's (109) radiocarbon
dating of Two Creeks wood substantistes Suess!' maximum of
17,000 to 18,000 years. Suess {158) arrived at his zon-
elusion through analysis of sediments for relative contant
of two oxygen lsotopes, 016 and 018. The relationship of
the quantities of the two isotopes in the remains of marine
creatures which make up the sedimenta of the ocean floor
Was determined by the temperature of the water at tne time
of the animals! growth. Ocean temperatures are in tura
indilecative of eoncurrent land temperatures.

An sgbsolute date for the dlsappearance of the contie
nental ice sheet is not necessary since this study is con~
cerned only with the area outslde that covered by the ice
sheet and is beyond the region subjeet to its melting
waters,

The climatie effects, botun direct and indirect, are
extremely important, Precipitatlon during the glacial
period was considerably higher than the present, particue
lerly in the zone just south of the glaciated area. This
was & result of an lncreased temperature gradient between
the tropical areas (where evaporation probably abated only
glightly) and the polar front which moved southward with
the ice sheet (113) (52). MacGinitie (113) states that

elong glaecial fronts, theres were changes from tundra to

broad-leaved forests and back again. Snow lines descended
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to 4,000 feet below the present snow line in New Mexico.
Climatic changes wers impetus for plant and animal dis-
turbances. Isolated relicts were left scattered in favor-
able sreas, sosuth and probably west of the main occupled
arecs. »

Martin (if%) states that at least twelve inches pre-~
cipitation 1s esssntial for forming an lce sheet. de esti-
mated that en increase of nine inches of precipitation
occurred in the Great Basine. He further states that summer
tenperatures which are sufficiently high to melt glaclers
appeared %o be a controlling factor. He postulates as
much es 25°F lowering of temperatures in the glacial aresa.
Martin estimates a July mean of 60°F at the ice sheet's
lower boundery., This 1s 5°" higher than the modern mean
July temperature at Cliff but 1t seems probable that the
temperaturs during the glaecial period rust have been lower
than 60°F and that the preecipitation then was also higher
than the twelve inches postulzted. From the fluctuation
of modern lake levels it seems quite possible, however,
that only small changes in total precipitation could have
caused s considerable enlargement of current lakes and
filling of dry leke beds, provided evaporation rates were
reduced through lower summer temperatures. Flint (6l)
indlcates that the mean temperaturcs during the pluvial

period were about 89C lower than today or the egquivalent of
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8-10° difference in latitude.

Conrad (37) states, the last two glacial stages have
left a good growth record in the CGreat Basin in the form of
shoreline features and lacustrine sediments. Dole (56)
found in and near the Lost Forest two beaches at L ,470
feet elevation and 4,520 elevation. This is 120 and 170
fest above the bed of modern Fossil Lake. Dole correlates
these two beaches with the last pluvial period and with lake
levels of Summer Lake Basin.

Thus water st the highest level placed what 1s now the
east end of the Lost Forest as an island at the eastern end
of a large inland lake. As the lake filled during the
esrly glacial period some of the plants were probably iso-
lated here by the ascending waters rather than by later en=-
eroachment of the desert during post glaclial times. The
excellent drainage and aserstion afforded by the beach sands
could have permitted ponderosa pine to compete most favor-
ebly on the old beachcs.

The sum total of the elimate was perhaps best summa-
»ized by the vegetatlion in the area during the glacial
period., Hansen (78,80,82) found by pollen analysis of
sediment from Klamath Marsh, Summer Lake and Chewaucan
Marsh that white pines were much more frequent in the lower
sediments, Despite the fact that pine pollens are ususlly

overrepresented in the pollen spectra (L5) it is probable
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that white pine and other cold and wet e¢limate species such

a8 Ables, Larix and other genera covered most of the area

above the lake levels, Hansen (8l) statea that during

the late Plelstocene and early post glaéial periods,
forests covered a much greater area than at present and
that the wider distribution was due to the moist climate
that persisted there sometime after the 5laclél retreat to
the north. Ponderosa pine was recorded as helng predon=-
inant axcept in early post glacial time when white pine was
most abundant.

Many of the post glaclal events in the Northern Ureat
Basin of Oregon are marked indirectly by radio carbon dat-
ing of charred logs found under the pumice flow of Mt.
Mazama. Mt, Mazama, whose crater i1s now occupled by Crater
Lake, erupted 6453 %= 250 years ago (108). Great quantities
of flne ash were distributed for considerable dlatances
northeastward with the prevailling winds (164). Most of
the material ejected was of a distinective readily ident-
ifiable erystalline nature and thus serves as an excellent
chronologleal marker wherever it was deposited in standing
water and became a part of the lake sediments (164). (See
Figure 26). <i{he esh deposits have been particularly val-
uable in providing an absolute reference date for lake
levels and pollen deposits (89).

Newberry Crater whlch erupted 2054 = 230 years ago (109)



Basalt rim.
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Pyroclastic breccia. Close-up of Fossil Lake sediments.,
Figure 26,
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is also a factor in the chronology of much of the Great
Basin but is of less significance to the immediate Lost
Forest arca, A gradual increase in temperatures occurred
with the retreat of the ice sheet to about 8,000 years ago
when a hot dry period, commounly referred to as the
Hypsithermal Interval, begamx. This period persisted until
approximately 4,000 years ago when cooler temperatures and
higher precipitation returned, to remain relatively un=-
changed, until the present time (52) (57) (80) (82) (89).
Pluvial lakes, however, persisted considerably after the
end of the glaciers (81), |

Lake levels not only sffacted the area occupied by
tae Lost Forest but when located in a closed basin sare
also good indicators of effective precipitation. Hansen
(81) states that Mt, Mazema pumice was lald down in Wiater
Leke (the name given by Allison to Summer Lake's pluvial
encestor) when that lake was "several tens of feet" deeper
than modern Summer Lake and Mt. Mazama pumice is found in
"Fort Rock Lake" (the westernmost basin of Christmas Lake
Basin). He writes that the Fossil Lake area was lower than
thie remainder of the lake bed and so a& shallow remnant per-
sisted theré through the final waning periods beyond the
time of the last ash falls,

Dole (56) has found a2 strata of crystzl rich pumice

in the Fossll Lake sediment which he has identified as being
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from Mt. Mazama thus indicating that the lakes persisted
here at least as late as 6453 years sgo aﬁd that precipi-
tation at that time must have been somewhat higher than at
present (Figure 26).

Dole 2lso fTound another higher strata of pumice which
had been deposited as an alluvial fan., He deduced that the
latter was deposited by streeams when the lake had almost
¢lasppeared., He tnought the source of topmoat pumice to
be the Newbsrry Crater although he was unable to verify
his conjecture conclusively. This indicates that a shellow
lake existed at the boundary of the Lost Forest as late as
2054 years ago.

The exact sequence and combinations of temperature and
precipitation as well as thelr sesasonal patterns may never
be eompletely known. Broecher et al (30) express the
opinion that the mountain placiers and lce sheets enabled
malntenance of pluvial lake levels for a conslderable
periocd of time after the end of the glaclal period proper.
This seems iwmprobsble since temperatures sufficlently high
to melt glaciers would alse increase the evaporation rate
and consequently tend to ameliorste =zffacts of increased
melting. it is more probable that a change in the
temperature-precipitation relationship is responsible for
these phenomens. A decrease in the portion of preclpitation

falling as snow with & slightly higher mean annual toempera=
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trre 1z a mueh more probsble combination of climatic condi-
tions with which to account for 2 simulteneous retreat of
the lce ec2p and the maintensnce of lakes beyond the reaches
of its melting weters. A chenge to cocl cloudy summers
with a deorease in srowfall corld aslse account for lakes
perslsting after the slaeclers.

An extension of wmountain glaclers noted from about
1,650 to 1,850 A.D. has sometimes been deslignated as the
"Tittle Ice Age." This phenomenon may have besn the
result of incressed precipitation or increase in tempera-
ture or both.s The tree ring record of Keen and Antevs in
the northern portion of the great basin show 0 greet ine
erease in growth rates during those years, therefore 1t may
be assumed that there was little or no change in the
effective precipitation in the Christmas Lake basin during
this period.

Hansen originally determined, on the basls of strati-
graphy and pollen occurrence, that Mt. Mazama erupted from
5,000 to 7,500 years ago (80) (81). Williams (16l) hsad
dated the year of eruption at approximately five to six
thousand years ago. Other workers placed the date much
earlier. Hansen in order to acknowledge the overwhelmlng
evidencs for an sarlier date fixed the eruntion and its
resulting pumice sediments in the lake bads and bogs at

10,000 years. Hansen's revised chronology is shown in



Taole 4 aelong with the new dates assigned by him (89).

50
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Table 4
POST GLACIAL PHYTO-CLIMATIC CHRONOLOGY
(89)
Years Northern Great Horthern Great Lower Kiamath Oceur-
Ago Basin Climate Basin--vege- Lake Vege-~ rence of
Lakes and tation tation Volcanice
Glaciers Ash and
- ___Pumice
Lodgepole Pine Lodgepole Pine
1000 Ponderosa Pine lhite Pine
2000 Rebirth of Ponderosa Plne ilewberry
Lakes and 2054
Glaciors (109)
300C Grasses and Gresses
Composites
1000 Cooler
Molster Crasses
5000 Warmer than Chenopods
nresent Composites
6000 , Pond. Pine Mt. Maz-
____________ (109) Maximum _ _ _ ame 6453
7000 Disappearance
of Lakes and
Glaciers
8000 Ponderosa Pine
9000 Warmer White Fine
12,000 Lodgepole pine
11,000 Pluvial

Lakes






