STUDY METHODS
(Fleld)

The general overall plan for study called for two
consecutive summers of residence in the forest of approxi-
mately ten weeks each. Additionally, several other trips
of from a few days up to two weeks in duration were made
at various times throughout the years. These were for the
nurpose of obtalning soll moisture data, temperatures,
ovservations of snowfall and miscsllaneous information.

In all, approximately twenty-six weeks were spent in

residence in the area,

Field Heconnaissance

In June 1959 field reconnslssance was begun by making
compass and pacing traverses of roads, boundaries, section
lines and other salisent features. From the traversc lines,
notes were made of vegeitation, topogrephy, tree growth,
soll surface characteristics, and other conditions. This
wés for the purpose of stratifying soll and vegetation into
as many homogeneous units as pogsible for analyses. The
data thus obtalned were used for making a mao delineating
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preliminary soil-vegetation strata. Irom ithe reconnalssance
data a detailed map of the traversable roads was also made.
After stratification, evaluation of the plant communities
from the photographs provided an additional check on the

accuracy of stratification.

Vegetation Analysis

Stratification of Communities. As previously mentioned,

data for preliminery stretification into plant communities
were obtained from observations taken during field re-
connalssance. In the preliminary stratification only the
rcletive abundance of shrubs and trees was used as criteria,.
At that time, appraisal of grass and forb strata did not
appear to warrant thelr use in preliminery stratification.
The purpose of the stratification was to reduce variation
within strata to a minimum and thus to both reduce the
number of plots necessary to describe the forest and

ad Jacent ecommunities and to increase the accuracy of such
characterization. Although it was desirable to base
stratification on some discrete gqualitative characteristie
this was not found to be possible in every case. Three
strata eppeared to have only gquantitative cover differences
and probably could have been correctly evaluated as a

continuum rather than as discrete communities. However,
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the strata were so distributed areawise taat any objective

attempt to evaluate them as a continuum would have been

extremely difficult. These were the first three commuanities

described below. The only significant changes appear to

be in the quantitative differences in coverage of pine and

Jjuniper overstories respectively.

The following five strata were delineated from the

preliminary reconnalassance data:

1.

2

P-0. This type 1s eomposed of the most dense
stand of ponderosa pine in the forest. (Figure
27A shows a stand typical of this strata.)
Junipers are relatively uncommon, the under-
story 1ia very sparse, and in some cases,
almost non-existent. The total area included
in the type is rather amall but very dis-
tinctive and relatively uniform over tne aresa
which it occupiea., It was 1n this type that
heaviest cutting of timber occurred during
recent harvesting opseratlons. ifost of the
pine stems show the yellow bark indicative

of declining vigor. 3and dunes are rare.
T-le This type is similar to the pfevious
type but is a slightly more open forest stand
with a slightly heavier understory. There is

also & higher proportion of the area covered
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by Junipers. The individusal pins trees as
in the T=-0 type show signs of declining vigor.
(Figure 27B.) Occasional shallow sand dunes
are preaent;

T-2. T2 contains a considerable range of
conditions but with a less dense overstory
than Type T=1l, It may have a relatively
heavy cover of junipers with a few scattered
living pines, & slightly greater number of
pines with a few junipers and as in sonme
cases junipers with dead stumps or staading
dead stems of ponderosa pine, the only indi=-
cation of & plne site. The understory shrubs
nay be very sparse, missing entirely, or may
occur in dense patehes. In fact, the most
signifieant characteristic of the type 1is

the presence of the numerous evidences of
drought and of beetle attacks of the 1920's
and 30's. (See Figure 27C.) f9ccasional
shifting sand dunes present.

T0-BBs To thils strata belong the ponderosa
nine stands of approximately the same density
as8 T=-0 but characterized by a dense under=-

story of bitter brush (Purshia tridentata).

(Figure 27D.) The pine stems indicate a much
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Soil-vegetation types.
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higher vigor than those of previously described
types. There were a few older trees in the
erea but most of these were removed by the
loggera. In some spots there are dense stands
of vigofous black=barked, young pines. The
type 18 locsted almost entirely on sund dunes
of from two to ten feet or greater in depth.
Where sands are shallower, bitter brush is
frequently displaced by luxuriant growth of

gray rabbit brush (Chrysothamnus nauseosus).

Here 13 also found an occasional mountain

mahogany (Cerococarpus ledifolius).

5« T-3. Upland Sage. A dense stand of big sage-
brush (Artemisia tridentata) and gray rabbit

brush (Chrysothamnus nauseosug) best charac-

terize this type. Junipers are rarely found

in it. No area was inecluded in this if it

contained any evideince of having supported

ponderosa pine growtk in recent times. Sand

dunea are not common. (See Figure 28B.)

After aampling of the vegetation had begun =znd after

more detaliled inspections of the soil had been made, 1t
was found necessary to define three additional rather
distinct strata,

6. T~l. Lake Bed Sage. According to external
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appearance the vegetation on the level por-
tlona of the old lake bed was simllar to that
of the slopes of slightly higher elevations
(Figure 28A). However, further investigsation
of soll and vegetation indicated a rather
distinet difference between them. The soils
of tius Tel area are much more alkaline while
the T=3 soils had a much more prominent and
dense zone of calcium carbonate or csaliche.

In lake sage type, Artemesia tridentata was

often displaced by A. cana. Halophitic forbs,
grasses and shrubs were muchk more common than
in the upland sage type. Blowouts and sand
dunes are relatively common.

T-5, Idaho Fescue (Festuca idahoensis).

Further reconnaissance resulted in the dis-
covery of a small ares approx%mately six-
hundred ascres in size in which a good stand of
Idaho Fescue 1s the distinguishing chersc-
teristic (Figure 28D). For most or the area
junipers are tns predominate tree with only
an oeccasional ponderosa pine. In some por-
tions the only evidence of pines is in the

0lé uprooted stumpse. These stumps appear to

be much older than those of the trees which



929

succumbed to the drought of 1920's and 1930's.
It is probsble that the dry veriod of 1830-
1840, which nearly reached the severity of
the one of more recent years, was responsible
for the death of the trees since there was
ne evidence of fire,

8+ T-b. 3and dunes. The frequent appearance
of ponderosa pine on the sand dunes tnrough-
out the forest appeared to warrant a special
study. (Figure 28C.) (ine dunes are particu-
larly conspieuous on aerial photographs.)
For this reason ponderosa pine without bitter
brush and occurring on sand dunes averaging
three feet or more indepth were the subject
of a separate soll vegetation analysis.
There was no general area in whicn these
constituted the most common type. They occur

on an individual duvne basis.

Vegetation Sampling 3ystem = The basic approach adopted for

sampling vegetation was origcinally developed by Naubenmire
(59). It involves use of a system of plots which are
adapted in dimension to the slze and ares of influence of
individual plents. ¥or example, a smaller plot is used for

gampling grass than for shrubs and trees.
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Soll-vegetation types.
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The procedure is begun with establishing by means of
a compass, steel corner stakes and previously measured
wire boundaries, a rectangular macroplst fifty feet by one-
hundred feet. Within the fifty by one-=hundred foot macro=-
plot, four individual.transects each twenty-five feet in
length are located by random assignment. Ten plots (Iour
feet by five feot) are located systematically along each of
the random transects for shrub evaluation. For grass and
forb evaluation, tan plots of one foot by two feat are
located on flve-foot stations along the same transects.
This basle structure was developed by FEckert in collabo-
ration with Poulton, Tisdale end Hironaka {59). The under-
lying assumption 1s ﬁhat accuracy of sampling is more
efflclently achieved with a larger number of smaller plots
than with plots of greater size., This systemn of plots
provides a theoretical maximum efficiency for each type of
vegetation to be sampled,

Initially an:attempt was made to locate macroplots by
random methods. This was found to be posslible cnly in the
T=0 and T«3 types which were relatively uniform. In all
others variation produced by shifting sand dunes precluded
8ll possibilities of rendom location of the macroplotse.

As a result, it was necessary to place the macropleots in
representative sand homogeneous siteas within each soil

vegetatlon strata previously selected for the study,
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DPuring the first season, at each macroplot loeatiou,
soll profile deacriptions were made and soil samples col-
lected by horizon for laboratory analysis. During the
seecond season, soil profiles were described from ouly two
to four of the »its dug in solls typical of each soil=-
vegetation strata.

The strata selected for sempling by each macroplot
were carefully selected only after extensive reconnaissance
and only if they appearad representative of the entire
stratum. The plots were well distributed over each solle
vegetatlion type in order to provide maximum area coverage.
In strata T-0, T-1 and T-2, a modified combination of
syatematic and random methods were used. Sube-units of
from twenty=to-one-hundred acres within each type were
carefully selected to represent the type. DPlots were
teantativaly located on a map by random selection of co-
ordinates. If in the field, plots were found to fall upon
or included a distinct break in type such as a sand duns,
mill site, skid road or others, a previously determined
alternative selsction was made. Thls did not keep all
subjectivity from plot selection. The original purpose in
adequately deseribing soil vegetation type might have been
served as well by careful selesctlion of maeroplot locatlions
by coupletely subjective methods.

Six plots were located in each strata., This number of
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replicationa of plaut communities was considered adequate
to describe modal characteristics (60). Aceording to
Eckert a minimum of four plots are necessary within each
sege~bunch grass community of the high desert region,.

It is obvious that both accuraey and the validity of
sueh method of sample seleetlion is entirely dependent upon
the investigator's understanding of tunc ecological re-
lationahnips of the plants involved., In tnis case the
euthor had traverssed the area for several days on foot to
Decome well acqueinted witihh the odvious vegetational re-
lationships. An additionsl factor in favor of the efficaey
of the subjeetive methods smployed are that the plant
communities except for T-1l and T-2 are distinet and readlly
distinguished from one another. This is primarily due to>
the smell number of plant specles present. Furthermore, as
previously mentionaed, the sollevegetatlon aspects of the
study were approached wlith a design whieh was flexible
enough to vermit later modification if more detailed
iavestigation warranted,

The fifty by one~hundred foot macroplots were found
to be sdequate In size for the sampling of understory
vegetation., FEckert (60) states that based on specific aerea
determinations, fifty by one~hundred foot plots are accurate
for the range lands of Central Jregon. In some portions of

the Lost Forest area, particularly where the forest overstory
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was rolatively dense, the varlation in the covsrage of the
forbs and grass was highe. Here sxtreme care was necessary
in locating the macroplots to achisve & representative
sample of both overstory and understory vegetatione.

The total vegetation appeared to be accurately
measured through the authort!s modification of the system
deseribed by Eckert (&0) and Dyrness (59). The modifi-
cation consists primarily of the addition of the wedge
prism and the variable plot method of sewrpling tree cover
to Eckert's and Tyrness's procedures. The principle of
the use of the wedge prism is desecribed by Bell and Alex-
ander (20). The stand density in the Lost Forest 1s too
low oven with & prism factor of ten to permit an adequate
measure of the area covered by tree crowns if tree boles are
used as a erlterion. To measure crown coverare of juniper
and ponderosa pine the prlsm was used for s direct measure-
mant of the crown area--grouvnd area ratio.

To accomplish this crowns werse considered exactly the
sane as stems and tallied if the prism displasced the
margln of the crown. This proved tn be somewhat difficult
owing to the metehing of two irregular boundaries, thsat
is, the outer branches of tree crowns. 1It was found very
simple to view only ss one~half c¢rowns and tally as if
they were entire. Thus, tne trunks and the leaders of

trees nrovided a distinct stralght line as a boundary for
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matehing the split images. Correction Tor using one-half
crowns as a criterion rather than entire crowns was made
oy mvltiplying the result by Tfour.

In actual practice the observation points for evalu=-
ation of crown and stem areas were cnosen to coineide with
the four corners of each macroplot. The system weorked
extremely well in the study but would not be applicable
in normal stands where crowns are closer together.

For the purpose of establishing shrub plots, four
fifty-foot transects were randomly located within the
maeroplot, each one paralleling the long dimension of the
plot. The starting point for each transeect was determined
by random selection of two coordinates with the reference
corner of the plot serving as an initial point for the
coordinate system. The shrub plots wers four feet by five
feet in size with the five-foot section of the transect
serving as the long dimension for each. Ten of these were
located along sach transect. The subplots were located oa
one side of the line or the other by a random selectlon
method. The other three sides of the subplots wers de-
fined with a measuring rod carried for that purpose.

The grass and forb plots wers similarly located.
These were one foot by two feet in size and, as with the
gshrub plot, the fifty-foot transect line served as one of

the boundaries, and as in the shrub plots were randomly
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loeated on one gide or the other of the line. Tae boundaries
in thls case, nowever, were delineated by a one=foot by two
feet metal frame, open on one end.

Initial points of the grass and forb plots were
assigned by random selection to each of the ten five-Ioot
intervals alonz the transeet line, Thus, one plot was
located with its initial point of 0', 1', 2', 3', or 4!,
the next at 5', 6', 7', 8!, or 9!, etec. Therefore, with
ons plot in each five-ioot intervel, eacih transect nad ten
suvch subplots. 3ince there weare four fifty-foot transects
in each macroplot there was a total of forty grass and
forb plots in ceeh macroplot.

Frequency data wore obtained by tallying each species
occupylng each subplot. Constancy for each specles was
sanpled by tallying presence within the macroplot. If &
plant speciss was tallied in any one of the subplots lts
nresence in the macroplot was automatically recorded.

Shrubs were tallied by three height classes in the
plots as previously described. The classes used were 0
up to 6 inches, 6 to 2l inehes, and 2l inches and over.
Total numbers of individual plents were recorded.

The percentage ol area occupied by the shrubs and
tree seedlings were estimated. In estimating the cover of
snrubs or seedlings the spaces within each crown without

foliage or live branches of an area one-tenth the total or
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larger, were deducted from the total coverage of the plant.
Trees and shrubs rooted within the plots were recorded by
size claesses but only that portisn of the crowna within

the plot was included in the estimeta of cover, That
portisn of crowns extending into plots from trees and
shrubs rooted outside was estimated and recorded in the
total psercentage of cover but not included in the frequency
data,

Dead shrubs end tree seedlings ocecurring within sub-
plots were recorded by species. The influence of trees
elther rooted within or without the plot was noted. A
gqualitative estimate of thelr effect upon the subplots was
made on a percentage basia. The value of one-hundred per
cent was assessed if the shade, leaf deposits, molsture
requirements or other influences brought about by the tree
precluded the possibility of seedling establishment,
Intermedlate stages of influences were assessed valuss from
one to one hundred per cent. In addition to tallylng shrubs,
trees and seedlings by height classes, additional height
data were taken by obtaining the mean heights of the
individual shrubs spscies over the eantire macroplot.

The estimate o the amount of ground covered by herb-
age was constantly cnecked through the use of the two wire
estimating rings~-one covering two per cent and the other

five per cent or tine ons-foot-by-two-foot subplot area.
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Simple frequency information was automatically recorded
with either the total number of plants in each subpylot or
the presence of species. Individual planta whose roots
were located within the subplot were talllied with the
frequency data even though follsge fell outside. Hsrbage
extending into the subplot from plants rooted without it
were included with the percentage of cover but were not
included in the frequency information,

The pine and Juniper reproduction was rarely en=-
countered withln any of the subplots and ocecurred within
the macroplots with a fairly low frequeney. In order to
provide some information in asddition to the systematic
sanpling system previously described, a thorough reconnais-
sance was made of the aroa approximately one-fourth of &
mile from the center of the macroplot. It was quickly
apparent that the seedlings corld be found in only limited
areas in which especially favorable meisture and cover
prevailed. Tnder these conditions seedlings were frequently
abundant, For this reason no overall estimate of stocking
criteria sueh as total number of seedlings per &acre or
percentage stocked quadrats was made.

AfTter completion of subplot sampling, a careful asnd
thorough search was made of the total area within the
maeroplot boundaries for the species not yet recordec.,

Increment cores were taken from each ponderosa plne
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tree falling within the maeroplot. In addition, some tress
immediately adjaecent to boundaries oi the plots were also
sampled. The cores were for the purposes of determining
ages and growth rates if such data later appeared pertli=-

nente.

Soll Sampling and Deseription

A 80ll plt wes excavated within each macroplots Pits
were located no closer than three feet from the macroplot
boundary. Concentrations of shrubs or trees were avoided
as well as large rocks and other obstructions. 3oil pits
were excavated at least to the caliche zone which under-
lies all the soils at varying depths. At least one piv in
eaciy soil vegetation type was excavated through the caliche
layer which was often as much as three feet in depth.

Thlis procedure was not followed where horizons did not
occur. Here the soll, in so far as the plants were con-
cerned, could be characterized almost entirely by the
depth of the sand layer.

Several pits were excavated in sand, one to a depth of
eleven feet. When sufficlent pits had been dug in the
sands to assure uniformity, samples from each maeroplot
were taken with the suger at ons foot depth-intervals
beginning with the surface. All soils horizons, whether

related in a genetic sense or not, were excavated and
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sampled from an open pit. One exception was the lake sage
area where, in a few plots, samples were obtained from the
lower horizons with an auger.

A soill pit was excavated in sach macroplot establlished
during the surmer of 1959. In 1960 when eighteen additlional
plots were established, plts were excavated in zonal soils
only, Profiles were described during this latter year only
in one plt of cach type. The azonal sands wers not de-
seribed excépt as sands even though consplcuous vegetation-
al differcnces exlsted, DSamples were taken from each
liorizon in the zonal solls and at one foot intervals in

the sands for laboratory ansalysis,

S0il Molsture Depletion

To provide an insight into the scil moisture content
of the soil and oi moisture depletion during the growing
season, seven sampling stations were established in March,
1960, immediately zfter spring snow melt. One sampling
station was located in each of the T-0, T-l, T=2, T=3 and
T-l} types. In addition, one station was established in a
dune erea in the southeast ené of the forest, T-6. Hers,
one substation was set up in a grove of pine irees and one
astablished near by on bare sand at least fifty feet from
the nearest “ree. The fine sands at the southesstern

sampling station are typical of most of tine forest (see
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Figure 31).

£uother sampling station was established in one of a
series of dunes with much grester mean particle size. The
latter dunes are found only in a limited area on the east
side and within one~half mile of the high breccia out-
eropping. The sands were unusual in that they were the
only surface sands found in the genersl area of Fossil Lake
end Lost Forest without a considerable mixture of pumice
particles. One sampling point was located in a grove of
treea and another on bare sand at least 50 feet from tne
nearest tree. It would have been desirable to sample
farther away from living trees or other plants, but dispo=-
sition of trees precluded this possibility. This was also
in the T-6 vegetation type.

At the time the plots were eatablished, water was
8t1ll standing on the surface in muech of the sagebrush
area, Occasionally, standing water was founéd within some
portions of the forest, particularly in the T2 ares.

Most of the snow must have been melted not more than a day
or two before moisture messurements were commenced. In
fact, there were still e few patches of snow left in spots
sheltered from both wind and sun.

Molsture samples were taken in thc sand at one oot
intervals down to five feet., The better developed soils

were sampled by horizons. Only one sample from each level
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was ¢cllected for sach of the sand plots since this
material was very uniform. Two samples were taken from
the zonal sclls and these were trested as individual sane-
rles and the means of two used for moisture computation.
Samples were taken with an auger wherever possible to
minimize disturbances by sampling. Auger holes were re-
f1lled immediately after excsvation. The individual sam-
ple sizes were approximately 800 grams. Samples were
collseted in paper 30ll bags and welghed immediately after
extraction. They wers later air-dried in a room with a
constant temperaturs of T0%" and approximestely forty per
cent humidity. After they reached a constant weight, sub=-
samples were extrascted and the corrected moisture content
obtalned.

After initial sampling the sites were not ressmpled
until June 29, 1960. A%t that time the soil moisture con-
tent was almoat as high as when the statlons were estabe
lished in March. This was undoubtedly due to relatively
heavy precipitation in April and May. The nearest U, S.
Weather Bureau station, located at the Poplars approxi-
mately thlirty miles to the southwest, recorded 2.93 inches
of rainfall during April and May although none had fallen
thers in June. Sampling was conducted at two-week inter-
vals through the balance of the surmer until the final

examination on September 26,
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On June 29 a storm provided 1,12 inches of precipi-
tation at the fine send station. The rainfall measured satb
the coarse gand station was 1,02 inches. Sampling had just
been completed before the storm began., In order to obtain
a measure of the effect of the summer rain most of the

plots were measured ilmmediately after the rain had ceased,

Gray Rabblt PBrushe-S5So0il Moisture Relationship

The reccnnaissence and the establishmsnt of thirty
macroplots during the summer of 1959 revealed that the
eztablishment of pine seedlings nearly always occurroed
under or very close to gray rabbit brush plants. In some
areas, particularly open sand, pine ssedlings were found
to be relatively abundant but never ocourred except in
conjunction with one of these shrubs,

To investigate this phenomenon, in June, 1960, a
moisturse depletion study was centered around one of these
shrubs which was growing on open sand approximately sixty
feet from the nearest pine tree. There were four two-to
three year old ponderosa pine seedlings growing under the
plant in 1959 (Figures 29, 30). One of the pine seedlings
had died, nowever, by the tim; the molsture study was
initiated the following year. The height of the shrub
was approximately twenty inches,

It would have been desirable to’study the molsture
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Figure 30. Ponderosa pine seedlings under gray rabbit
brush shrubs.
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relationships invelved with electrical resistance type
moisture measuring devieces, but since these were not
available, an alternate sampling plan was emplpyed. A
statlion from which auger samples eould be taken was estab-
lished directly under the shrub. Additionsl samples were
taken at two-foot intervals along each of four transects
extending elght feet outward in cardinel direetions. At
each polnt on the lines samples of approximatelj 250 grams
were teken at the following depths; surfesce, slx inches,
twelve inches, eighteen lnches, twenty-four inches and
thirty-six inches. The only difficulty encountered in
obtaining samples at the desired specific deptin was at the
six-inch level where, during the summer dry perilods, the
sand was loose and flowad almost as readlly as water. AL
all other levels there was always sufflcient moisture
present to keep the sand firmly in place. After samples
were extracted the molst sand was immediately replaced in
the hole,

The samples were collected in molsture-proof soil
bags and welghed immedlately. They were air-dried In the
sun to & constant welght (approximately one per cent) and
reweighad, The welghts were later corrected to oven-dry
welght by means of subsamples which were dried for twent—r-
four hours at 110°C, This experiment was continued until

August 31 when finel samples were selectsd. On September 27
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the pine seedlings under the shrub were carefully excavated
to determine the characteristic root patterns.

No attempt was made to completely excavate the largs
root system of the rabbit brush plant utilized for the
studye. Several smaller ashrubs were, however, carsfully
removed and their characteriatie root disvributions com-
pared te that of larger plants. Those excavated from the
azonal sands appeared quite similar., Photographs were made
af these root systems rearranged into two dimensional

facsimilesa of thelr distribution patterns.

Ponderosa FPline Soil Moisture Depletion Transect

A gtudy similar tc the one for the rabbit brush soll
moiature relationships was devised to obtain some insight
into the molsture regime of the soil under the ponderose
pine trees. Twe pine tress growing on sand dunes were
selected as subjects for the project (Figure 31). One of
these was ten inches in diasmeter and the other twenty
inches., The former was thirty-five feet in height and the
latter eighty-Tive feet high. A transect was initiated at
the smaller tree and extended 160 feet t» the larger tree
thence further into a bare sand area for an additional one-
hundred feet. There were no other pine trees close to the

transect at any point. The sampling stations were estab-
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lished both direectly under sach of the individual treeca and
at twenty-foot intervals along the transects, Samples were
taken at one~foot intervala beginning at one foot below the
surface, In most cases samples were collézted with the
auger to depths of thres feet. To obtain samples under

the pine trees, needles and litter were removed, Samples
from 2ll transects at all sampling depths were obtained on .
August 31, The individual gravimetric samples were welighed
on site, dried in the sun, and later corrected to oven-dry

weights 1n the same manner &s the rabbit brush soll.

So1l Permeability

It was observed that after rains, water penetrated
sands very readily while in some areas of heavier soils
water remained on the surface for some time after the rain
had ceased. In both the T-3 uplend sage and the T-l lake
sage areas the soii surface remained damp for several days.
This appeared in many places as much as a week after each
of the two summer rains in 1959 and 1560 respectively. In
1960 moisture still darkened.the surface several days after
the rain (Figure 32D). This appeared esrly in the morning
before tine heat of the sun could evaporate the moisture
faster than it was conducted to the surface and continued
as long as ten days after the storm. The sand dried off

aniekly after the raln had ceassd,
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To measure relative penetration rates s direct method
employing two six-inch by twelve-inch sheet metal cylinders
was used. The baszes of the cylinders were forced into the
surface layer to sufflcient depths to retain water which
was placed in the cylinder (Figure 32C). Approximately
two liters of water at 18°C were used. The drop in water
level within the cylinders was recorded for two minutes and
then the time noted until ths cylinder had emptied or until
after the expiration of a total of thirty minutes. The
penetration after tne duration of the first two mlinutes
was considered as tlie penetration rate for the eight soils
sampled. The tito-minute period was the interval chosen as
the time necessary to saturate the immediate surface.

It is recognized that there could be considerable lossg
from the periphery of the cylinder's base outward whici
should not be logically attributed to a direct lineal
penetration rate. Slnce these data are only for compara=-
tive purpeoses and because of the great magnitude of the
most of the penetration rates resulting, no correction
appears warranted. Two simultaneous measurements were
taken at each point sampled with the two eylinders approxi-
mately six feet apart. Eight sampling stations were cnosen
" in representative soils from the following types:

T=0 Pins - coarse loamy sand

T=1 Pine wvccasional juniper - fine loamy sand
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T-2 Juniper - Low sage, occasional pine
T=3 Upland sace
Tl Lake sage
T~6 Pine - fine sand
a Bare dune sand

b Sand under pine litter

Hoot Patterng of Common 3pecles

The loose azonsal sand of the Lost Forest afforded an
excollent opportunity to excavate and observe root patterns
of several common species of sinrubs and trees. Shallow
sands on top of heavier s0ils provided an insight into the
adaptablility of the root system under suech conditions.
Two=layer root systems were guite common with one growth
pattern manifest in the amorphous sand and aaother in soil
of lower levels. The shifting sands have also uncovered
surface roots of many trees and shrubs, thus providing an
evaluation of root distribution. ost of the information
obtained from the study of root systems was rscorded

photographically.

Climatic Gbservations 1959-1960

Ambient temperatures were recorded in the forest during

the period of residence by means of a small temperature
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recording thermometer (Tempscribe). Precipitation was
measured by meeans of No. 10 canning tins as described by
Berry and Berg (21). An attempt was made to sample pre=
eipltation on & much more lntensive basis and to determine
more preclisely the sxact precipitation oceurring in the
area during the period of tiae study but tne gauges became
casualties to hunters, wild animals, domestic animals and
other agencies. Other nszards encountered with this type
of rain gauge were the numerous insects wiich were
ettracted to the gauges and apparently acted as wicks
"giphoning" water up through the layser of o0il intended
for an evaporatlion proventative.

Jurface tempersturcs of the soil were taken with a
mercury bulo thermometer primarily to determine maxima to
which seedlings are subjected. Surface temperaturss were
measured and recorded only during the daytime. It appeared
unnecessary to employ more intensive methods since the
temperatures observad in the sun on bare scil or sand from
9 a.m. to approximately 4 p.m. were invariably within one
or two degrees of 59°C., This reading approximated tempera-
ture at 4 mm. below the surfaece. Tne procedure followed
in making the measurements was to place the bulb of the
thermometer in the soll surface so that the upper surface
of the bulb was slightly below the mean sand surface and

covering until it wes no longer visible. No attempt was
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made to determine the air temperature immediately above the
surface. DI'ireoct measurements were also made of soil
temperature st three-font depths in the sand by means of
placing a thermometer in an auger hole until three or mors
identical readings were obtalned. Only a few ol these
measurements were taken since the temperatures were in-
veriably 14° - 1597,

In addition to surface temperature measurements and
the moasurements at 36-inch depths, two remote recording
thermometers were employed to obtain temperatures at two-
ineh depths and six-incih depths. All measurements were

taken below bare minerel soll surfeces,

The Tree~Ring Record

Tree ring analyses were made in the Lost rorest, near
tne Fremont weather station and on Hayes Butte near The
Poplars station to better characterize c¢limatical trends
wilthin the forest and to relate the Lost Porest Climats to
known weather observation points.

Increment cores collected in a preliminery study
showed considerable varistion in relative growth rate from
tree to tree. Occasionai indications of misgsing rings were
ovserved although it was diffieult to substantlate this

with but & single increment core from each tree. According-

1y refinement of technlques was initiated in an attempt to



125

solve tne problem of miassing rings and false rings and to
decrease variabllity in relative growth rates as deterained
from single inersement cores., Trees to be used Tor the
study were carefully selectad; 1n tne Lost lorest only
those growing on sand dunes five feet or more in depth wers
sampled. Trees showlng evidence of injury from porcupine,
falling trees, insects, decay or other agencies were re~
jected., An attempt was made to sample trees in approxi-
mately the same age elass as those with which they were to
be compared. Instead of a single increment core, four were
taken from each tree, one from each of the four cardinal
directions.

Fourteen trees from the Lost Forest were sampled; four
trees on Hayes Butte near The Poplars weather station were
also sampled; and five trees were sampled witnin one-half
inile of the Fremont weather station (Figure 25D)). The
trees were selected using the same criteria as for the
Lost Forest excent for the fact that they were not growing
on sand dunes. The Hayes Butte trees were well isolated
from each other, save for a forked individual, but were
growing on very shallow soll. The ages of the four ilayes
Butte trees were from 150-250 years.

One increment core was taken to the heart of eacn
tree in order to obtain an approximate age. The other
three cores for eacii tree were extended to sufficient

deptiis to obtaln at least sixty-year record,
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Isolated Ponderose Plnes

In ths autumn of 1960 a reconnsissance for other
isolated ponderosa pines in the Horthern Great Basin was
made. Many of these had besen reported to the author by
local ranchers, foresters and range managers. In all
twenty of these specimens were investigated. Photographs
were teken along with notes of the location, other vege-
tation, pine remroduction, site and otiher nertinent data.

A few other isolated pines were reported by rellable sources

but were not visited.

Seed Collectlion

Cones were collected from four individual trees in
widely separated portions of the Lost Forest. Approximately
the same quantity of cones were gathered from eacih tree
end well mixed. The seeds were mature when the cones were
picked., The megagametophyte was firm and filled the seed
coat completely.

For comparative germination studies cones were also
collected from a ponderosa pine-Douglas fir-winlte fir site
on Cache Creek at L ,lt00 feet in elevation in the northerm
portion of the Deschutes National Forest. The cones wers
from a large squirrel cache wilch was probably made from

several trees, Two additional sources were supplied by the
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Oregon State University 3eed Testing Laboratory. These
sltes were not precisely known but were from Jnited States
Forest Service collections from an elevation of approxi-
mately L,400 feets The general location of thne collections
was Fremont National Forest which lies ilmmediately south of
the Northern Great Basin., The seed lots were collected in

1958 and had remained in storage at 4° to 5°G.

Extraction of Pollen Bearing Sediments

A deposit of silt size ash was located at about forty
feat below one of the old beaches near the center of the
forest. A pit was excaveted and a column of the lightly
cemented material was carsfully removed to be examined in
the laboratory later for possible pollen content. (Figure

33).






STUDY METHODS
(Laboratory)

Mechanical Analysis of 3Soils

Mechanical snalyses of soll samples from T-0, T-1,
T-2, T-3 Upland sage, T-lf Lake sage were made by the author
in the soil laboratory of the Oregon State University,
Soils Department. The hydrometer method was followed as
deseribed in "Sampling Procedures and Methods of Analysis
for Forest Soils,” (67). Several samples of sand were also
included in the analysis. The sands were also sorted by
screening to determine the relative proportions of various
particle sizes.s Thle was particularly important aince
most of the sands include considersable proportions of
pumice particles c¢f such low density that tiae settling
rate~-particle size relationship upon which the hydrometer

method 1s based is not entlrely vealid.

Molsture Equlvalent

Molisture equivalents were also obtained to determine
an approximation of field capacity for the soils ln vego-
tation types studled in the Lost Forest. Basically the

129
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analysis consists of subjecting a thirty-gram sample of

soil vhleh has been saturated with water to a centrifugal
forece 1,000 times gravity for thirty minutes (67). For
medium textured soils thilas 1s a good laboratory approxi-
mation of field ecapacity (18). Since many of the sands were
found through gravimetric methods to contaln more than the
field capacity whiceh thelr molsture equivalents indicated,
the samples were alsc subjected to a pressure table teat

et +1 atosphere. The latter were conducted by the testing

service of Oregon State Universlty Soils Department.

Chemical 2fnalysis of Soils

Laboratory chemical analyses were performed by the
soll testing laboratory of Oregon State Unilversity Soills
Department. The test included determination of total
organic matter, nitrogen percentage, soil reaction (pi),
cation exchange capaclity, available phosphorous, ex=-
changeable potassium, sodium, caleium, and total salts and

exchangeable magnesium.

Determination of Seed Germination Characteristics

Since ponderose nine seeds from different seed lots
comonly show considerable variation in their germination

requirements and thelr response to standard germination
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treatments, sseds from the Lost Forest were compared with
seeds from three other sources for possible variations 1ln
behavior,.

The tests appeared particularly deairabla in light of
two specifie environmental circumstances, Tase uppor 8ixX-
inen zone of the sands where most of tune pine seedlings
are found dries out within a few hours after saturation.
The other circumstance is the limlted time during which
both temperature and soil molsture are adequate to produce
seed germination. Thus a physiological mechanlism adaptive
to this condition appeared to be & possibility.

The Lost Forest and Cache Creek wet site cones were
dried at 20°C wita the humidity at approximatsly forty per
cent for three months. Wings were removed by hand rubbing
to prevent mechanical damage. Seeds were stored until the
following spring at rocm temperature and then placed in
tinned containers and stored at 5°C until germination

tests were begun in Jovember, 1960.

Standurd GCerminetion Test In the lnitiel test the seeds

were all treated prior to a germination test; the treatment
consisted of soaking in tap water for thirty~six hours at
4%, foilowed by stratification at Y4 to 5°C, on saturated
paper towseling for six wesks., TFinal germination tests

consisted of placling one-hundred seceds from each lot on a
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suvstrate of "Spongerock" (Pearlite) in a covered petri
dish. %hs containers were pleced in a germinating oven in
which alternating 20°C to 30°C temperatures were maintained
for six~hour and eighteen-hour periods respectively. The
30°C temperatures were accompanied by light while during
the 20°C period, the oven remained dark, The progress of
germination was recorded beginning at four days., Germi-
nation was considered complete at the end of the tenth day.
For both the Cache Creek and the Lost Forest sources this
preliminary germination test, which was conducted primarily
for the purpose of determining total germination, also
indlcated the possibility of a superior germinatlve ensrgy
in the Lost Forest seed. ior example, on the fourth day
the mean germination percentage for tine Lost Forest seeds
was approximately ninety per cent while the next best souree
showed but sixty-three per cent. One source showed but

fifty-one per cent during the seame period.

Experimental Germination

For the purpose of securlng more precise information
as to poaslible superior germinative energy of the Lost
Forest seeds, the standard lsboratory procedures were
abandoned and an experimental test designed. The experi-
ment was planned to compare germinative energy among the

four sourees over three pre-treatients. The three pre-
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treatments. ''he three pre-treatments were ss follows:
(&) Soaking for thirtyesix hours at 4%C followed by six
weeks naked stratification st the same temperature; (b)
Soaking in tap water for twenty-four hours at 4°C; (c)
Dry, no pre-treatment, (sceds were taken immediately from
storage at 5°C and placed on the substrate).

For each treatment 125 seeds were used. These were
placed twenty-five in easch covered petri dish, thus pro-
viding five repllcations. The conditions of the light were
the same as for the standard test; that 1s six hours light
followed by eighteen hours dark with the dark perlods
corresponding to low temperatures and light periods to
high temperatures. Instead of the alternating 20°C, 30°C
maintained for 1deal germinating conditions; a low tempers-
ture of 5°C and a high of 15°C were maintained during the
testa.

The first observations were made on the fourth day on
whileh none of the seeds had germinated. The germinants
wera counted dally from the fifth day for seven days then
at two-day intervals for six days, and at three~and-four-
day intervels until the experiment was completed after 21
days. The criterion employed in determining germinetion
of individual seeds was emergence of the cotyledon to the
point where individual lesves had cormenced to separate.

All abnormal germinating seeds were counted among total
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germinable seeds, but not as germinants regsrdless of
extent of growth. Percentage of germination for each

period was determined on the basis of sound seeds,

Seedling Trought Resistance Study

Onc of %the theoretical mechanisms through which the
trees 1in the Lost Forest eould survive is a adaptatinsn to
the xerlic conditions. If auch a mechanism were responsible
1t is most probable it would become manifest in the
geedlings since the ability of ponderosa pine to maintain
itself under arid conditions appears to be limited by the
establishment and survival of lts seedlings rather than the
maeintenance of growth and development of mature trees. I%
was recognized that the possibilities of discovering a
rhysiologically drought resistant seedling were rather
remote,.

An experiment was desligned to compare the drought
resistance of seedlings from the Lost Forest and three other
sources. The seed lots used were the same as those de~
geribed in "Determination of Seed Germination Character-
istics." This provided one wet site and two dry site seed
gources in additlon to the Lost Forest. After six weeks
of stratification the seeds were germinated in an experi-
mental seed germinating oven by alternating 20°C and 30°C

temperatures. A derk period was provided to correspond
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with the low temperature and the light period with the
higher temperature. The cycle was on a alx-hour~eightesn
hour basis. As soon as the cotyledon had emerged from
sufficient numbers of the seeds the germinated seedling was
planted. The substrate used for the experiment was the
fine sand collected from the Lost Forest. Six germinated
seeds were planted 1In each pot. The pots were of approxi-
mately one pint in capascity. Tairty pots were employed for
each seed lot. Planting was completed on November 21 and
22, 1960 and nots were ilmmediately placed in a chamber in
which the temperature was maintained at 78°F for daytinme
periods and LBPF for nighttime periods. An artificial
sixteen~hour light period was related to the temperature
eyecle with the dark portion of the cyele concurrent with
the lower temperature,

The plants were irrigated twice weekly with tap water.
Sufficient water was added each time to saturate the soll,
excess molgture drained from the pots immediately after
irrigation so that there was no aeration »roblem. No
nutrients were added elther to the water or to the soll,
Ssurvival of the seedlings was excellent in all 120 pota;
none had less than five healthy seedlings., All six ased-
linga survived in all but seven pots. The 120 pots were
arranged within the zrowth chamber in rows 1n sueh a way

that no two adjacent rows contained seedlings of the same
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origin (Figure 3l4).

On January 5, after approximately six weeks, three
sunflower seeds were placed in each pot. After one month
the sunflower plants had reached the neight of approxi-
mately fourteen inches. At this time irrigation was
terminated. Thirteen days later in approximately two-
thirds o:i the pots, sunflowers showed evidence of wilting
i.es flaceld cotyledons and were detopped, Two days later,
the soll moisturs in the balsnce of the pots had reached
the wilting point. Thereafter the pots were observed daily
for evidence of dylng pilne seedlings. The Tirst seedling
to show evidence of molsture deficioncy was noted tairteen
days after the s0ll had reached the wilting point.

Trought resistance was evalusted in terms of the mean
number of days which the seedlings wera able to survive
after the wilting point of the sunflowers was rsacned.
Seedling death criteria were the wilting of needles or the
development of necrotic spots without the outward mani-
festations of wilting. The cotyledons had died before or
at about the time irrigation wag terminated so that they
could not be used as indlcators. The usual pattern was a
visinle wilting of all or most of the leaves with some
reddish discoloring; or most of the leaves with some reddish
discoloring; or most of the leaves wilted with a few

necrotic spots on the remalnder., As a check on the



Pots immediately after removal of sunflowers,

Figure 3. Ponderosa pine seedling drought study.
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criteria, pots were rewatered as quickly as the last
seedling was classified as dead. A few such sesedlings put
out some new leaves but none fully recovered. A few pots
in whiceh part of the seedlings had died were rewatered.

In several such cases the balance of the seedlings éontinued
to growe This Iindicated that the critefia were resasonably
scecuratce.

After terminetion of the experiment the plants were
excavated and oven dry welghts of seedlings were determined.
The pine seedling roots had grown together in such an
interwoven mat that it was impossiblé to meperate them into
indivicduals. Most of the sunflower roots were removed,
but a small residue impossible to extract was weighed with
the pine root syatems. The sunflovwer roots were very flne
and of such low denslty that they probably did not bias the
results. Root top ﬁatios for the plants were also deter-

mined.

Identification 2f Pumice and Pollea Extraction

The material was flrst examinad with the ald of a
petrographic microscope to deternine the nature of the
minerals contained. This was for the purposs of identi-~
fying 1t with one of the known ash falls if possible.

Technlques for extracting pollen, since quantitative

anglysis was not planned, were somswhal gross. Sanples

S,
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taken at one-inch intervals from the 38~inch level to the
22-inech level were sosked for twenty-four hours in hydro-
fluoric acid, covered with H,0, decanted until a neutral
reaction was obtained. Samples were then pleced in
Sehulze's solution (one part saturated potassium chlorate
solution and two parts concentrated nitric ecid). They
were digested in a fume hood with occasional stirring for
twelve to sixteen hours. The washing procedure was repeated
again untlil a neutral reaction was obtained and samples
soaked in a ten per cent solution of XOH for approximately
one honr. They were again washed wlith water untll a
asutral reaction was obtalned. Between washings, heavy
801llds were sattled by centrifuging. After completion of
the above steps each of the samples was placed in a teat
tube and the heavy sollds permltted to settle for approxi-
mately one minutas, The remainder was decanted and centri-
fuged again to secure the remalning solids; the water was
poured out and the residue dried with ninety-five per cent
alcohol.s The materlsal was stained with safranine and
deposited on slides. One drop of diaphane was added to
sach slice and a ecover glip affixed. The slides were

examined for pollen under & magnification of approximately

L ox,
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The Tree Ring Record

Annual growth rings vere measured for radial iucrement
with a mieroscope and a micrometer stage developed for the
purpose by tie United States Yorest Service.

Annual rings produced by the slower growing trees and
those produced during periods of low precipitation often
proved extremely difficult to identify even with forty-
dlameter enlargement. A number o stains were tried and
the most effective was as follows: 0,03 gm. malachite
green, 0.03 gm. methylene blue, 50 cc. 95% ethanol. Even
with this stalin consldersble care was necesssry to dstect
the annual growth pattern.

The following procedure appeared to give the best
results. DBefore stalning, the cores were soaked for at
least eight hours in tap water, then sliced with a sharp
razor blade wihile still wet so that e transverse view of
the tracheids was obtalned. The axcess water was wiped off
with & clean cloth or sponge and the stain applled with a
camel heir brush while the core was stlll dampe. The first
application usually provided uneven staining so that a
second application was necessary to produce uniform re-
sults., Cores could be analyzed under the microscope as
soon as the stain and the sxcess water disappeared fron
the surface. The best results were obtailned, however,

efter the cores had been permltted to dry for at least
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three bours and then remoigtened with a damp sponge. The
latter treatment frequeutly brought ovt annual growth rlngs
which failed to appear under any other circumstances.

The speclally designed micrometer stage employed could
be read to 0.02 mm. The smallest growth ring identified
was 04 mu. The four cores from each trse were matched for
misgsing or false rings after a preliminary messurement. 1In
only two cases were false rings definltoly detected. Iu
nearly every tree, howsver, at least one ring was missed in
the Tirst measurement. In all these cases, agresment was
obtained from among the remainling thres cores and when the
area of the presumed missing ring was re-sxamined 1t could
be brought out by restaining and remoistening as previously
described. In some cases the "missing ring" stood oub only
when the core was dry.

In many trees tae variation among the four cores fron
one individual appeared to be as high as might be expected
of four cores from four saparate trees. After tiie cores
were maicnsd to the point where agreement was obtained for
salient points (representing extreme departures in precipi-
tation) the mean radial growth for each year was calculated
for each year for each tree. A standard measure of annual
increment was obtalned by weighting the mean radial gsrowth
of each tree by the reciprocal of that individual's standard

deviation. This latter procsdure has considargble advantage
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over expression of growth in terms of percentage of the
mean for the period as used by Xeen (106) and Antevs (9).
It emphasizes the fluctuations of the growth of those

trees showing more uniform increment and at the same time
roduces the extreme responses of the more variable indi-
viduals. To provide a simple comparlson of growth re-
sponses among the lost Forest, The Poplars, and Frenmont
groups of trees the mean of gtandard measures were obtained
for each year within esch group (121) (140). The data were
then plotted on a graph with standard measure on the verti-
cal axis and time on tine horizontal axis.

The three localities were compared for long range
agreement and for salient points. They were also compared
with the tree growth records of Antevs (9), Keen (106).
They were also plotted with Clifs precipitation records.
Annual precipltation proved diffTicult to follow wien plotted
directly on the same chart with the standard measurs of
tree growtn. In order to provide a legible graph and to
make allowance for the delay in response of trees to
changes in preclipitation levels, each annual precipitation
value was replaced by the mean of that ysarts and the two

previous years' precipitation.





