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Resune
T AT

The studies of human impact upon giant sequoia trees and their en-
vironsents in Sequoia and Kinge Canyon National Parks indicate that mass
human impect ds of 1ittle or no negative cousequence to mature sequolias
and that only -two types of human activities have caused a significant
seduction in senquoia growth rate, These ware root pruning for road cone
ssruction and the response to advanced plant succession, a result of fire
srevention, In €act, however, there is a general increase in tae growth
mates of ome sequolas which is apparently due to building. road zonstruction
where pavement covers the roots and to wide-spread soil eompaction in camp
and plendc arsams.

Poir thepe sesquedias whbose growth rates have been reduced, the rzduction
cannot necernsarily be construcd as Leing detrimental to the health of the
Irees inasiuch as pathogens have not been found to be nssociated with them.
Nor has hutan acliviiy been cetablished as the cause of the teppling of any
sequoia Lmea in either park, Many seguoias groving under near climax cone
ditions in areas remote from human us: are growing iacreaszingly slower at

She same Give ofner sequoias in sreas of human use are gi-owing more rapidly

“han before. Lvan seve rely ourned *eeb, such as the Black bhamb@r (Figa 31,

ampendigrrs lu bhe Giant Far@ hnw ach gveater annual incremeant than
ceme relativaely unburned segneias i pearly undisturbed areas of ooy sit
auailly. Coabiery to previcus beijefs %/, these growth studies show tha%
sequoia trees dn campgrounds and sther high use areas tend to increase in
Hrowth yrate mor: or less propovtionately to the smount of cleared and/or

artificiaily corered root zonme zea.,

] e

7
“A‘**nzckv 5.2, HMemorandum or the Effects of Tourdamt Traffic on
#lant hiﬁ@J,} ah.cularlv Big rrveb Sequols ational i Park Californid.

AR O B

Aerkeley, Caiifirnins “yped rensst ko Hational Park Serviceg‘June 9, 1926,

L3 nve
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Whercas detrimental effects to sequoia trees because of mass human

uze have been shown to be of little nepative consequence, changes to the
environment whieh affect other wegetation and sequoia reproduction are of
much greater significancs, So0il compaction because of trampling and auto
traffic iz such that root growth of many plants is retarded or completely
restricted in the surface few inches of =oll aand that the germination of
soets and the eariy growth of plants is impsired. Soil moisture relation-
ships are sltered by soil compaction and by tha presence of pavement and
buildings over the surface of the soil. Whers the soil moisture regime is
aitered for the worse, it may be a significan’ factor in reduced seed
germination, On the other hand, it is often altered for the better and
tae affected seywoias respoad with increased rates of growth., In general,
soil moisture reduction is restricted to the surface inch or two which repre-
sents bul o small fraction 2f the rooting zone of single large sequoias
and cannot be sonstrued 58 a meaningful loss. bBeneath pavements, extensive
buildings end conpactsd soil, soil moisture values in the rooting yone
romain high bhrouzginout the zrowing season and are geflected clearly in the
Taereased growin rtates of those sequoias with roots growing under these

sonditions (Fig. 1, nexi pagel.

... Sequoiss growiag in the apparent increased competition of advanced

ylant suseession where human disturvances are minimal or absent, show re-
duntiona in thely rates of growth., A%t o thecrstizally perfect climax stage
§ plant succession, the utilization of available enerzy would ke at a
socimum hus would be disziribuied $0 a much layger number of plants than at
surlier stages. fa these conditions, sequoia growih is necessarily slowed,

his effoes 18 evadent in Che greatsy percentage of the larger sequoiasn.

(:) Toung secuniza wnder nsar climax conditions of sevsre root competition and
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vaobe Gompazigsen vf Growth Hates of Slant Sequodas in frsas of
t‘e"‘?“,’., fioderats ﬂnd ?\ao Hnmen Use Shown in Percenmges or Growth
i@te Inerense or L Userease During the Lg 20 years s. uhe
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Zhading asunily cuceumb after a period of slowed growth,

Sequoiss whose roots have heoen seversly pruned to accomodate road
eonstruction show by far the greatest amount of growth reduction, Even

spscimens with piuned roots show some recovery of growth

fETe . Nowavor,

~atn a nuahor of years after prmning.

e Lwba ¥

The Tive-sequoiz regeneration atudies are well underway and the indi-
entions at chis time ave that the cesults will provide mach information
about the natural history of sequoia olant commnitlies which wiil be

walnzble ip both wanagereat and ilnterpretation.




S5
Giant Forest Chronolong

Many of the dates given in this chronology are approximate., Accurate
records were not kept during the early years of the park as to where recple
camped, picnicked, etc. For instance, a report states that the Giant Forest
Camp in 1920 was 140 acres in size., It is not known whether this included
the Firwood Campground, the Hazelwood Picnic Area and other nearby land.

The general feeling is that the camping areas were diffuse and sinply grew

in size with the demand. It is known that the Hazelwood area has been used
zxtensively since before it became a part of ihe national park. Records hgve
not been found of its status sinee that timz, Certainly, it has received
heavy usage for many years.

In the growth comparisons made in this report, known dates as stated in
this chromnlogy are used for some of the before-after human usae s udies.
Since growth responses take place over a period of years, the exszct dates

for these comparisons are not critically imnortant.

1903 ~ First road into Giant Forest completed August 15 from Colemy Mill.
Road to Moro Rock constructed,
General Sherman Tree first fenced,

1809 - A small building was constructed in the area which is tow the front
end of the Giant Forest Ledge dining hall,

1917 - The Uolvertsa~Lodgopole Road was constructed.

7 1920 - The voad fromkthe Parker Grcﬁédéo Creécent Meaﬁoﬁmﬁaa et through

and was rougaly zraded,
1921 - Giant Forest lodge diniag rocm was constructed.,

The first permasnent overnight cabius were built at Giant Forest
Lodge. These are the ones now cover=2d with sequola wood shakes.

The Crescent HMeadow Read waes finished.

1924 -« The Giant Forest Museum (Visitor Cenier) was construcied. The
parking 1ot was probebly constructed af the same time although there
is a0 mention of it in reporis.

A restroom wes constructed in the Firwood Campground. However, there
iz no notation of vhe original constructicn dete of the camp.,



1926 -

1929 ~

in
3
H

1938 .

W55 -

b
Firwood Campground was improved to a capacity of 40 canpsites,
Uhe Giant Forest Yillapge Site was started.

The Generals Highway, ircluding the roadway o the Genernl Sherman
Tree and fto Lodgepole Camp, was begun.

& new grede from Soldier Camp to Croscent Moadow was completed.

Tag roadway Lo Log Meadow was closed, restricting traffic no
farther than to Crescent Meadow,

(zJant Forest iLodge dining hall was enlarged.

fa Camp Kawoah, the offics, warehouss and central tollet and bath
bouse were started. Canvas~top cabins in upper Caup Eawesh were
being bullt or moved there from other locations.

A pasoline station whose location is not now known was built some-
wigre in the Giant Forast Village.

Glent Porest Marckst constyuction was completed.
The Village road was widened and parking space was ceastructed,

The bullding which is now the Glant Forest Coffee Shop was built
by lLindley REddy as a photographic shop.

The Generals Highuay was opened to the public.

Building wes begun in what 1s nov called Lower Camp Kavesh with the

constraction of the contral toilet mnd bath house. This was followad

by rustie cabins «nd canvas~top cabing, a fov sach year over a
peried of yoarss




Hothods oi Study - Growth Rate Changes

Those aspacts of the study involving growth reaciions by sequoia trees
%o wvarious environmentzl conditions were assessed by means of studying
amaal groweh »ing variations. Approximately 75 cores were taken from
sequoia trees by means of a standard 15 3/4-inch Swedish incremeat dorer,

: : n &
The cores wers preserved sccording to a method deviged by Heath in which
agh cors was zlued in pre~grooved pieces of wood in order to prevent both
shrinkage and waroing.

Fach core was studied wwler a digsecting binoculsy scope fitied with an
seuler wmicromesar and the growth was recorded to the nearsst cna~¢enth willi-~
sether year by year o An foneyeaxr increments where the growth rate wag slowe
Trepe grouth rabe compayisons were made:

1.) The avmerags sponuol vadial increment and the basal avea growth Jor

the last 50 yosrs wore compared with the averages of the 0 years
' smmesiately previous.
207 'the swerage anmel vadlal increment and the average basal area
zrowkh fox the lsst 50 yesss were compared with the averages of
il previcus vears veprasentsd on each cove,

304 Whove sanipulaticus. such as road building or building construction,

sifeated sequois trzes, the growth aversges for the years since the

soaipilaticn were compared with an squal number of years prior to
sha menipulation dabe.

sreand in The awavege abes of growth aand are showa graphically for 331

nelected tweas A0 Appendiu I,
The hest dindication of che degree of photesyntheiic success {total irse

viger and healthl} would be ho caleulate the annual volume of wood added by

3 Bpeediie tres iln a undt of time, such as & yesr. Such calzulabions are

sirtbeally Ixpoessible, ¥Yhile basal area calceulations are less valuabls than

éfﬁa&th@ JoFn  lpcrament Core Techndgue and Preventing Core Shyinksge.’
Yournal of Foremiry, 55{12): 909-10, December, 1958,

those growdl gomvarisons are expressed us a percentage of insrease or de=



-sample. - The more compact the soil. the

8,
volume calculations, theysre mich more indicative of tree growth responson
to envirommental chsnges than annual radial inerement and they can be
rather simply made by recording the diameter inside the bark st the height
of the increment boring and then caleulating the basal arca of the circular
crogs section of the tres. éf’ﬂaing the yearly increment measurements frow
the core, the radivs. and, tharsfore the baaal arsa., can be regressed bo
the date of the earliest rdng taken in the core. The reaulting growth
curve tends %o be a straight-line fumction. Oun the assumption that the
basal arss growth after a tree reaches maturityuis more or less continnously
the same (a straight-Line function) ., then the continued regression of the
curve hased only upom & short core can be uvsed to caiculste more accurately
tha approximate age of the irse,

fiethods of 3tudy ~ Soil Dulk Densisy-Boot Pemetraticn Siundies

Twe progerass were underiaken e determine:

Ll.) The degree and dspth of smoil compaction in heaviliy used sreas
ol the parks.

2.) The bulk density walue bayond which sequoia root growth is ime
paried or cempletely limited.

falk density is the ratic of volume of soil over the oven~dry welght ol the

Seil zampizs were reuoved carefully by spoon asd placed in soil sanple
wand. Toe voluas of scil removed in sach sample was measurss oy rlacing
thin piastiz film in the remiting hole and filling the 1insd hole with
water from a graduated half-liter cylinder. TChe amount of water in milli-w
mehors to 111l che hole axactly to the tow is the wvolume of the soil sample.,
The soil sumples wore weizued wet, then oven-dried for & hours at 285° F

and them ioveighed,

=

574 . " N . - -
4/Spurxg 5.8, Jorest inventcry. New Jork: The Ropald Frass Company.
1952, 476 vp.




_after each thiee showal fullas of

9.
Soil compacticn studies were made by removing soil samples beginning

with the surface two inches and then at each two~inch depth to an overall
depth of 16 inches. Identical measurements were made For comparison pure
poses in both heavily used soils and in areas nearby where human use was
minimal. Soil moisture content in percentage by weight and by volume were
also calculated by gravimetric methods from these same data.

In order %o determine bulk density limitations to root penetration.
8ix plots 3 feet long by 6 inches wide by 18 inches deep were excavated
along radial lines at a distance of about 325 feet from the trunk of a large
sequoia between the east boundary of the old Firwcod Campground and the
Generals Highway. The excavation tcck place on September 1, 1965. With a
quarter-inch mesh scresn box, all rocks and roots from these pite were
sereened out of the goil which was collected carefully on a tarpsulin, AlL
roots protruding into the excavations were cut off flush with the excavation
walla 2o that all six pits were totally devoid of roots.

The sereensd soil materials were returned to the excavation pits with
warying degrees of nompacting force applied %o four of the six plois. The

fwo remaining plots were retoined as uncompacted controls. In Plot, No. 2y

<:)‘

with a wooden tamping device with a four square inch comnaching surface,
“he compacting force censisted only of the weight of the compacting deviece
falling from a heignt of three feet. In Plot No. 35 the soll was tamped
swice on each smquare iach with a slight degree of tamping force alter each
“hree shovels of soil. The soil in Plot No, & received 5 tamps with the
same tampiag for¢e as in Plot Ho., 3 and the soil in Plot No. 5 was tampad

5 times with as ruech camping force as conld he exerted. Hach vlot vas

marked with numbered siakes and was covered with the leaf littar which



had been removed before excavation,

The plots were not disturbed in any way until October 10, 1964, a
period of more than 13 months. On this date, bulk density samples were
taken from each plot, the plots were reexcavated to the same dimensions
and all new root growth was screened from the soil and clipped from the
sides of the excavations with the intent of determining the amount of
root growth under varying soil bulk demsitics. The roots were eir-dried

for one month and then weighed.

Hethods of Study - Soil Moisture Conditions Beneaih Pavement, Compacted

Soils and in Unmodifled Arecas.

in unpaved areas, gravimetric measurements were most commonly employed
to determine soil moisture contents. One hundred and thirty~three saxples
were taken and weighed in the field immediately to obtain the wet welght.
They were then oven~dried 2nd reweighed, The ratic of water lost over the
oven~-dry weight of the sovil gives the moisture content of the scil in pere
cent by weight. The percertage of soil moisture by wedght multiplied by
the bulk density of the soil gives the moisture content by vclume.

Another method was emyloyed to determine the soil moisture depletion

moigture blecks with embedded electrodes were buried at deptbs of oung, .
two and three feet beneath the soil surface around one selsctaed gludy tree
ia well drained soil. Others were installed under other conditions ine~
cluding draoinsgeways where soil moisture appeared to remain high through-
out the entive growing seacon. Two soil moisture-soil temperaturs stations
were established bencath the large expanses of pavement in the Giant Forest
¥illage and in the Visitor Center parking area, Ilectrodes for moisture

and thermistors for temperature were set at one and two-foot depths at



il.
at each of the four stations (Figs. 5, 6 and 7). Controls were set at

the same depths in unpaved soil nearby. Measurements were taken at one~
week intervals with a Delmhorst Ohmmeter for moisture content and with an

1deal Precision Meter Co, wmmeter, model 460~P for temperature.




12.
RESULTS

a.) leasurement of the Effects of Root Pruning, Pavement and Ground
Compaction on 2 Selected Group of Specimen Trees.
Root Pruning

Of the manipnlative procedures affecting sequoia trees, severe root

pruning has been responsible for the greatest veduciion of growth rate in
the 75 sequolas sampled for this study. A selected group of four sequoias
on the up-slope side of the Generals Highway in the Giant Forest show an
average growth reduction of 31.2 percent since the date the highway was
completed with a range of reduction from 4.8 percent to 65.0 percent (Fig. 1,
Appendix I, and Fig., 5, Appendix II}, The variability of reduced zrowth
rates is the resuls of several factors such as variable soil moisturs, the
aize of the tree affeected by root pruning, and the distence from the tree of
the severance of the roots. Vhere the cul was close to the base of the tree,
ag much as 30 to 35 percent of the root system was eliminated.

It is swrprising and significant that no one of these trees has fallen
o its death because of the severity of its injuries. After the growth

rates of these trees Foll %o thelr lowest levels, each has shown sore degree

ef zrowth rate recovery. Oue small sequoia {2.3 feet d.boh.) near Trinmity =

Cornsr in Giaat Forest tas not only recovered its pre-pruning rate of growth
but is now growing approximately three times faster.

The recorded redustion in the rats of growth is mt necessarily an
indication of reduced health of the tree but rather one of at least tempor-
ary reduced wigor, WNone of these trees has been injured as severely as many
sequoias whigh have been bhurned repeatedly in the same area of the trunk
over the cenburies until huge gaping fire scars now show a root/crown

severance of us much a8 20 percent to 80 percemt. As these nmaturally



1%,
injured trees show recovery after fires, so also do these trees with wrunad

raot systems show & recovary., FRoot pruning, then, represents a limited and
somewhat lLemporary disturbancs %o the affected iress because %Lhe roots

grow and pruliferate in whatever soil remsins after road construction and
is clearly vetflected in the growth patterma of the affected trees as an
increaped rate of wood growth,

Yavement, Zoadfill apnd Buildings Over Sequoia Hook Systems.

Each sequoia with roud Till, pavement o Uuildings covering a large
portion of its rost system which was cored fox study has responded only by
a rather striking inereas: in growth vate {(Figs, 2 through 10, Avpendix I,
and Figs. 4 and 5, Appendix I1), Basul srea increases for the four hrees
with pavemert awer the rout systems average 110.) perceat since the date of
ighway compleotion with a renge of increass from 57.9 pereent to 252,2 parw
sent. The Jatber tvee (Fig. 3, ippendix I). a sequoia messuring 12,209
deb.his Inside the bark, is locelsd just north of the Sherman Tree parking
area turn-off along the Genevals Highway, It is siftuated in a low draine
Ageway where neorpgl water drainage is impaired by a six- or sevsn-foor rond

Ti11 3o that The soll ohoub the base of the tres is saturated with water

during the carly part of the groving seasom and remains wetteyr thaz adjacent

sether drained aoils wuch or all of the growing season. The saquola is a
tree of the oabtinuouws sscesonsl Flushk vype srnd commences growth in the Ipring
and gontinues o grow as iong as there is avallabdle zoll moishture or until
wold Lempersiures inhibit srowth in the autwrm, which sver occurs first.

3

in vears «f ow wroeipitaticun, =011 moisture deficiencies often iimit the
A

£ . . - R . -
& bype of tres. » The seguoia was determined &0 be a tree of

seowhh 0

2als typ2 during the summevs of 1963 and 196% whew daily radial insrement

¥ ”

l'L g’ . -
= Eyemer, PLd., and 7.7, Lozlowski, Physiolegy of Troes. New York:
HeGreaw-Hill 3ook Co,, 1960, 5. 501,
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was measwred on three sequoia trees by means of a modified Bormann and

Rozlowsksi dendrometar«i/ Thus, the sequeia in question may continwe its
Zeowth well beyond the date of nearby sequoins lees amply supplied with
s0il moistvre. The srowlng season may well be extended from late Angust
or early Ssptsmber until lazte October or even November when sold tampera~
tures liamit growth regardless cf availoble scil moisture. In the gummer of
196%, the Jinswood study tres hed slowed to s virtual stop by the leat
week in August vhen soil moisture contents vere nsar the permanent wilting
soint, |

- Of particulrr intsrest is the Sentinei Tras {Fig. 3, Appendix 1) in
the Glant Forest Village. Cerbaps ne other esquola in its native runge
has as great a pevcentage of its root system covered with pavement, Using
& cowposiie of three cores from this tyree for the basal area talculations,
it wwe deterwined thet sine» the advent of the pevement in the late 19207,

“he basal sraa growth of the Sentinel Tree has insreasecd by 58.7 percent,
I%s growth vate remains high indiceting no divect oy drndirect lwpsivment
%0 the ovexall nealth ol the tres because of the navement.  Somevhat cone

Trary %o this pattern of growth are those of sequoias in the Mariposa Grove

which actuelly have less of Sheir rocts covercd by pavement than the 0

Sueptinel Troe. The Maraposs Crove resords ahowed first a rather o shriking
inorease in srowhh xeive which was followsd by = decline in growth rete Lo
w0 allebine Low.s" For thess trees, however, the reduction in growkh rate
was very lilksly dwe to axeres waler entering the watershed by means of the

Grove water ayrien which rassed the waler tabis in the main drainageway to

- DL BRI WO TS 55 ST APTY A OIS IS ) TS NG TG,

i T~ Follo. smd i ?0 Houlowski. '"Meagurements of Trae Sing
Gage Deadvomebers and Veraisyr Teoe Ring Bands. Ecalc oy
Spying, i?ﬂuu

&

Ef Hartesreldh, R.Jd, ol iifects of Uamar Yfavact Uson 3 Sequodia giganuea
and it “nvircndaﬂa o the sarig@sa G"aweq Yo vn:xe‘ﬁh#ionai Paxk, Lalifornia,
Anzn irbor, Michigan: (e ﬁnfversity 2f Michigen. vapublizhed uhwaz 5. 1Q63@

&

9L s THT5,
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an unprecedented high. Other sequoias with no pavement over their rootes
but growing in the same drainageway displayed similar growth responses.

In the Giant Forest Village area and at the Visitor Centér, solil moisture
measurements beneath the Lroad expanses of pavement (see also Sect. b)
showed very little depletion during the growing season compared to ade
Jacent soils without pavement. Once again, the increased growth of the
Sentinel Tree apparently results largely because of the extended growing
season due to the maintenance of relatively high soil moisture for a longer
reriod of time.

Another possible difference in growth reactions of sequolas in the
Mariposa Grove and the Giant Forest conld be the greater sand~silt cuntent
of soils in the Gient Forest and the higher c¢lay content in acils in the
drainageways of the Maripess Grove. The sénd peruits better drainage and
root aeration which, ia turm, winimizes damage %o roots by lack of aeration
and further minimizes the activities of root pathogens which have high
vater and low oxygen requirements. Concern over the sventual reduced
growth ratoes afvaffected sequolas in the Maxiposa Grove led to an sttempt

to secure the sorvices of two patthOgistSto agesrtain the ressons for the

reduced growth rates under these conditions, Although each had expressed

awv intercst ia the debterminations, neither was available during this period
of study. Inasmuch as the growth rates of sequola trees in Sequoia National
Park have railed to siow hovanse of the presence of pavement sn roof zyste
98, 1t Ls assumed that pathogenic activity or sther adverse conditions
ape miniwa: or sbseat and that there is ne immediate concern fur the
presence of pavement over oot sysiems.

The euplacement of lupervious pavement ower the rooting zone of

sequoias ¢reates four conditions which are apparently favorable tc the
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to the increased growth rates of sequoia trees:

1. Host important, wherever pavement exists, other plants which cculd
otherwise be competing for the same soil moisture and nutrients are elimi-
nated. This leaves the remaining sequoia trees with a greater amount of
available soil moisture for late summer and autum growth,

2, The impervious nature of the pavement reduces evaporative
soil moisture lossmes to a minimum, again consarving moisture for sequoia
growth.

3. The black-top pavement absorbs solayr energy more e¢fficiently than
the local goilis and thus heats the soil and its moisture significantly to
a dspth of more than two feet. This depth includes the groater percentage
of a sequoidls rooting zore. Yarmer water is lese viscous than cold waterx
and moves more freely info root conductive tissuc than does cold waterggyi
The soil temperature at cne foot depth beneath ihe pavement svaraged 25°
warmer durilng two summers then at one foot depth in partially shaded and
rolatively undisturbed forest avea nearby. At two feet depth, the soils
beneath the pavement averaged nsarly 9° warmer than bhose of the same depth

without pavement.

b, Yarm soils and warm soil solutions werm the root tissues, Warmey

plant tissues metabolize at a faster rate, therefore increasing active
transport of mutrients snd more rapid uptake of wate:r.

It is also likely that higher seil temperatures s2lter the microilora
of the goil, raeducing ceirdaln pathogenic forme and increasing cthers.

It hes alse been susgested that the condensation of soil vapors, which
a3y be at saturation at higher tewperatures, may take place when warmed

ravemenis are cooled at night or on cool clowedy days. Such on occurrsace

Zﬁ Rramer, P.d., and T.T. Kozlowski, Physiology of Tress. New Tork:
BieGmw“"Hill Bock COa o 19‘})‘\)2 [ 3260
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might possibly explain the occasional increases in the soil moisture
content beneath the pavement in the prolonged absence cof precipitation.

The cores of five sequoias with bulldings over portions of their root
systems also show striking growth rate increases since the dates of build-
ing construction. Two of the three sequoias with root systems covered by
the Giant Forest Lodge dining hall show basal area increases of 115.6
percent and 160.5 percent since the date of construction (Figs. 6 and 7,
Appendix I and Fig. 6, Appendix II) when compared with the preceeding 50
years. The third tree, whose diameter was not taken because of an immense
fire scar, showed an annual increment inerease of 40.5 percent and for this
reason, basal area computations were not made., The increased rate of growth
is ostensibly the same as for those trees with pavement over the root sya-
tems. The soil temperature ragime is probably cooled scmeuwhst by the vroge
ence of buildings.

Two sequoias (Figs. 9, 10, Apperdix I) cored in Camp Kaweah and others
anong the cabins of the Gliant Forast Lodge ahnulaimilar patterns of in-
creased growth since the cabine were built. The cne sequoia in Camp

Kaweah which showed the striking increase of 121.7 perecent since the builde

_ Ang of the camp is located near the most heavily used part of the csmp.

The change is most prohably due %o a combination of mildings, pavement and
sodl compastion,

The foliage of all the aforementioned reas appeare full and healthy,
From these sindies, 4%t is concluded that ne harm has resulied to the
overall heelth and vigor of sequoias because of sither ravement or bulidings
aver theilr root systems. Coytminly, the trees in these neavily ueed areas

should be reoxamined veriodically to meke sure that thiz tremd conibinues.



_heavy human 11se of these arsas is detrimenial io the larger sequoias with _
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Sequolas in Campgrounds and Other Aress of Heavy Humen Use.

Seven cores (Figs. 11 through 16, Appendix I) represent the growth
responses of sequoias to heavy campground, picnic area snd other human uses.
The five trees in the campgrounds and picnic areas all chow growth rate ine
creases during the last 50 years of growth compared to the previous 50.
EFach tree ig surrounded by a compaction sole with a bulk density of the
upper several inches of soil which reducss, in places, root penetration,
the infiltration of water and the pereentage of soil moisture by weight.
The constant atirition of trampling feet "erodes” awny much of the potenti-
ally competing herbacecus plant 1life snd the seedlings of both sarubs and
trees. The dry, compact svrface layer of soil further creates conditions
vhich are adverse to the germinetion of zaeds and the variy growth of young
planke. Excessively tramplezd srsas were veritable deserts. The tesult to
the sequola frees is very much like the result of pavement over the roob
aystems of the irses. With reduced plant c¢owpetition, the sequoins grew
later in the aeason and so produced wider growth rings than before the
alteration of the s0il and the reduction of planit numbers. Other than

occasional vandalism in the camp- and plenic grounds, it is doubtful whether

fally growm coot systems.

The two largest sequoxas, the General Sherman Tvse (Fig. 15, Appendix I)
and the Gsneral Grant Tree {Fig. 16, Appendix IJ fail to show comparable
growth increases to those “rece cored in the camp~ and picnic grounds.

Ta fact, the General Shermau Tree has decreased somevhat in growth rate
during the vast 50 years uwhile tho Geperal Grant Tree has increased only
slightly., Eecause of the size and importance of these two troes, cach bas

een affordsd mors protectisn than these in the csmping areas. As sarly as
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1903, the General Sherman Tree was surrounded by a fence enclosure and

the General Grant Tree was given similar protection at an early date,
Patbways and railings have helped channel foot traffie near these trees
so that fcot erosion and soil compaction has remained minimal and no
wide~spread compaction sole exists over the root system of aither tree

at this time. Because of the s0il moisture natural to these areas, harb-
acecus vegetation is more plentiful than in the campgrounds. Furtbher,
young sequoias have been planted in the rooting area of each of these
trees so that competition for soil moisture has not been as severely
vreduced as elsewhere.

Perhaps of great significance is the fact that these two trees ars
growing in mites of high quality with ample soil moisture availsble for
plant growth until late in the seascn. It is significant that, of approxi-
mately 250 sequoias cored by the author during the past nine years, oaly
one sequoia has baen found o be growing as rapidly as these two trees and
it is & tree less than halsy the diameter of Shese two. Indeed, the General
Grant Tree .z one of the world's fastest growing %rees, based on csleu-

dations of hasal area increase. From these same data, it is appasrent that

_peither treo is a3 old as previously estimated and that their great size

is a result of near optimum growing conditions.



b.) Soil Moisture Relationships Beneath Pavement, Compacted Soil

and- ;L_g Unmodified Areas.

A porticn of the moil moisture studies was made concurrently with
the bulk density tests in those soils not covered with pavement. Thirtye
nine samples wers taken in unmodified soils and 94 in severely trampled
soils. Husan trampling and auto traffic have compacted soils signifi-
cantly to a depth of 8 inches but with the greatest amount of compaction
cccurring in the upper 2 iaches {Fig, 2). A bulk density in light sandy
goils of 1.6 to 1.8 is regarded as limiting to root growth and as com=
pletely restricting in denmsities greater than 1.8. In slayey seils, the
limiting and restricting densities are somewhat leas. Howsver, of the
samples taken in Secuoia ard Kings Canyon Natiomal Parks, all of the soils
were sands, loamy sends and sandy loam8¢é/ 0f the untrampled soils sampled,
uone was &8 kigh as 1.6 buik density. Of the compacted soils, 26 samples
had bulk densiiles greater tham 1.6 and i were in excess of 1.8, The
latter & garples all were taker from the upper 6 inches of soil. The
average densitise for the two-inch depth groups are shown as ¥ig. 2. It

will be noted that the denssel layer, 4 to § inches, fails to reash a hulk

m- AL & O U

Zosed upon a heavy compaction depth of & inches, only 25 4o 30 pers
usnt of the rootlng zowe ol mature sequnias would de within shis zone of
root reatriction, Assunivg thet root restrictions really do cecur in this
Jayer, growth reduckions weuld be expected. However, the increased moisture
wontent of tha sompacted acils zsems to mors them compensaie for i1 ss Cew
termined by the asasuremeni of radial stem growth.

Scil modisture wes calualated by both weight and volume and is repre-

a/ Hapteswells, R.J., 3equoin-Humen Impact Soil ! Analyses. Memorandum
Lo the Regiozai Dirsctor, Wasiern Region, U.5, National Park Service,
Ean Francisvo, Califoruia. Tebruaey 10, 1964, p. 3.
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sented graphically in Figs. 3 and %, The difference between the two

moisture patterns is due %o the soil compaction which affects greatly

the percentage ol moisture by volume in the surface two inchea of soil.

Although percentage by wvolume is generally regarded zs the dbetter index

of soil moisture, the pesrcentage by weight compexrison is perhaps a bit

more indicative of the irue surface moisturae losses here. It shows a

lesser weight of moisture because of trampling which leads to increased

surface evaporaticn. The excessive surface drying may prove te bs an

important reason Jor poor germination of seeds and part of the reason for

the reduced number of swall plantas. Direct attrition of small plants by

trampling feet 13 probably the major couse of thess local desert-like areas.
ihe improved soil moisture regime at depths below 6 inches is apparente

ly due ia large measure to the reductiun of these small plants which, il

mresent, woald be removing éail moisture. Soii svaporation effectas do not

go very deeply dnto the soil despife the increased capillariiy of compacted

soilg, Capillary watsr wovement in partially dried soils is aegligibls

and gonbributes Little b evaporative losses of water at the swrface,

Goavequently, solls remasn moiats for a longer period of time and thus,

sherever pavement eovers a gignificant portion of sequoia rootiag
systame, ccmpeting plants sre eliwminated and surface evaporation in any
petilcesble amount is prevented. Soil moisture depletioa, then. is due
almost entively o roat :bsorption by ssquoias and a few other traes with
roots beneath thr pavenmeni. Jecords derived from the four beneuath-pave-
ment moisturs~bemperaburs zintions (Figs. 5, 6, and 7) indicate that soil
noleture theve is readily aveilable for yvoob absorpitiom until a mush later

date than in adjacent vnpawed areas. Thus, sequoias growing in these situe
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ations respond by continuing growth well after the time whea others have

seased growth because the socil moistura content was at the wilting point.
Daily dendrometer records of two sequolas, one in a well drained site and
the other in a drainageway, showed clearly the relationship of growth to
ayailability of soil moisturs. Iao 1964, the well drained soil vas near the
wilting point by the first of September and tree growth had slowed to a
virtual stop while soil moisture in the drainageway remained fairly high
and the sequoia there continued daily growth.

Huch of these growth data collected during 1963 and 1964 will be

presented at a later date as supplemental report,
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@ ) G.) Grouwth Rate Measurements of Mature Sequoiss in Selected Areas
Approaching Successional Climax.

Twenty cores were taken from sequoias in aress of little or no human
impact (Figs. 17 through 31, Appendix I, and Fig. 1, Appendix II) where
plant succession was approaching the climex as evidenced by the presence
of large numbers of white fir trees. Sixteen of these trees show growth
rates which have declined during the last 50 years compared to the pre
vious 50, and 17 of them have declining growth rates over the previous
years of record or the cores. The average dsciine for all 20 trees for
the past 50 yesrs over the previous 50 is 8,7 parcent and the average de-
¢line for the last 50 over the previous years of the cores is 15,2 pers
cent. In one trse {Core No, S-56), the reduction in sverage yearly growth
sxpeeded 50 ypercent. Jn comparing reducticns in growth with incresses, it

should boe hora in mind that reduction percenteges cannot be as large as
inersase percentages since thers is a finite limit of 100 perceant which is
vopresented by a stoppage of growth and desath.

The general reduetinn of sequoia growth rate in the advanced successione
al stages is due apparently to incressed couwpetition with other planta,

namely the white fir. Tuwo edfects are resvonsible for the deersased rate

5f4grcwthm The more impu”tant of the two is inureased competltion foxr
301l moisture ond nuixdents as the overall densily of plants or at lsast
of rooting density is incvreased. The preponderance of while fir %trees is
lurgely responsible for vhis. Secondly, and of ineressing importence with
tima, is tre sbading of the lower parts of sequoias urowns by the taller
firg and other trees and a raduction in the produciion of photosynthaie.
Whereas the sequoia iz intolerant of ahadezf its chief competitor, white
O . S

~/ Beetham, N.M. The Ecclogical Tolerance Range of the Seedling Stage
uf Sequoia gggguteaa Ann Arborq Eicﬁiganz Uaaverslfy ficrofiles ? NCo 4

639 Po 73
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£ir, is highly tolerant of shads..

A rezgon for some sequoias reducing their growth rates whils others
increase under apparently similar gonditions of plant succession cannot be
assessed from the data gatherad for this study., There are too many indee
vandené growth variablea involved Zor such a caleulation. Howaver, 1t is
interesting to note that of those tress which incraused in growth rate
degpite advancing evnsccession, the avexrage annual iancrememt of Shoze Srees
during the periocd 1854 to 191% wes less thap one-half that of the trees
whose rate decreased sinse 191%. This either implies an improvement in
gite qualiitby concurrent with advaneing plant succession. or that
trees whose growth vates had b@au-reducad to an exiremely low level bes
wsuze of {irs were still recovering savlier nrowth rates in the absencs
of fire.

That soubes of growth of these trees will continue o becose mlowsr
und glover as She olimax stage develops is problemstical, 3t is doubtful
whether sequoiss often endured ciimactic compatition as severe as now sxists
in firewprsiscted groves mo that there is no viresedsnt for conparison.
Probably the soquoia growth rates will bs further redused if distuvbances

rre provonted for snobher hundred vesrs or more. L% ssoms 1ikaly that

T trimn Al grovth Tates Tor tature gequoras will 6% fall amch below

D50 mm ninte few of them approach this average now. Even those sequolas
whnoe rates of wanual growth for the last %0 years ave nearing the .50 me
ravg disploy healthy crowns and there is no ovidence recordsd thus far that
would indicate thet a large sojucis hes sver sucousbod Lecauss of the SOMPG~
Yiblon of advanced plsnt gucosssion. Bodused growth rates. then. waonod

@t this wige be termed unhealthy or dsmgerous to the Ffoiuze of sequcia

TN . \ '
= Baker; F.8,, "A Revised Tolerance Table." Journal of Forestry,
71 179-181. Mareh, 1949, -
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irees in sucn a situation. In view of the newness of the elimax situation

in the sequola range, it will bs of interest to measure gequoia growth

rates again in another 100 years where no disturbances scour,

“Whereas large sequoias geem in no danger from advancing plant suce
ceaslon, young sequoias have succumbed %o this competition for light and
s0il molatvrz. ThAs oveurrence is leas prevalent in groves of Saquois
and Kinps Canyon National Parka than in the Faripoos Groveoééf Hora ap-
parent in these two parks is the scarcity of young sequoias in certain

1
groves oy pavts of grovesuﬁaf

Vi

A avvesyeldt, H.d, . The Effects ok vaosp Impsct upon Sequoia
,AAgaten aud Its Enviroament in the Maripoea Orovs, roaemifs National
‘hrk, Laixacrnlab Ann Lixbow, Eﬁchigan. The U Tn“vmr51t; of Mlchia&na e

e Y

bl deked 'Lnaxaﬂ 196%. o, 1Fru

ey
A Alwpy, Tod.y Tinal Report oa the Type Mapping and Repensration
‘Luulen in ite Giant Seguona Grovas of Xinge Canvon and Ssquoia Rational

4 PRI W

yksf T%paé ?épirit Teprofustion) contract report fur the Waatern Region,
0 . Taticnal Park Service, Nov.. 19563, Po dde
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d.) Establishment of Soil Bulk Density~Root Penetratiom $tudy Plots.

This experiment failed to achieve one of its intended goals, that of
determining bulk densities beyond which sequois roots fail to penetrate,
Despite the failure, the data are of some wvalue and are hare presented,

The fajlure was one of not attaining suificiently high bulk demsities
of the s0il to prohibit or even to reatrict root growth in measurabdle
amounts in the plots of highest bulk demsity. It is slgnificant, however.
that artificial compaction of soil in a short period of time did rot
prodvce bulk densities as high as man's 10 to 20 pounds per sguare inch of

soil by trampling over a long period of years.

Weight of Roots,

¥lot Humbeyr Average Bulk Density 1% months growth
L {control) 1,193 12,2 zrems
2 1,243 13.5 grams
3 1.309 41,9 grams
% 1,485 7.7 grams
3 1723 15,4 graacs
4 (control) 1,101 48,1 grame

Tig. 8. Sequoia Booi Regrowth in Soil Bulk Dengity Pﬂ b, Glant
Torest . Sequois Nabic Naamcnal Park., Califormia, 3263 gﬂé‘a

Tt will be noted in Fig, 3 that there was little relationship between

the tulk densilty aod the Ewaght 2% the roots which grew into the plote in

ymthu Jnter”eaing 1}mmonth >fiod¢ Lach nlot wvas penetra ted fhroughout by

roobs 1ndx¢¢u1ng that damzie to smaller roots is rather quickly repaired.

Molsture absorption by trevs is accomplished lawgely by the sxtension of
Ly

oot tips inteo z0il of hifher zoil moistura content. Whore soil come

paction results in veduced root penetration, it is probably due nore teo

reduced arailability of noil moisture and oxygen then to a physical ree

N

1/ Kramer and Kozlowiki, op. ¢it., p. 30.
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striction of growth. If these soils were much heavier in ¢lay content

than they are, restrictions would very likely be more evident in the com=
pacted aresas tham they are,

In consideration of the faect that the commonest soils in sequoia
groves arg .ight and sandy, it is apparent thet the amocunt of root growth
inhibition is not now aignificant and, uniess soil compaction becomes in=
creasingly severe in the futuve., there should he little concern regarding
it where large sequoias are involved. Seedling sequoias in the oid Firwood
Campground in the Gisnt Forest seem to be stunted. All or most of the root
system oif the smaller of these trees could be within the compaction layer.,
The number of sequoia seedlings in compasted zoils, however, is ingig~

aifiecant.




¢.) The Fire-Sequois Regeneration Studies.
Hork Accomplished in Summer, 1964.

Resume .

In order to siundy the effests of various forest manogement techniques
which might encourage giant sequoia regeneration, three study areas have
been established in the Redwood Mountain Grove of Kings Canyon National
Park. These areas were assigued the following namea for reforence pur-

poses? Norih Study Area, T'rail Study Area and South Study Area.

The North Study Area has been analyased as to its present natural
vegetation and small mammal populations and one~haif of it has been modi-
{ied by felling dead snags and burning all logs and white fir thickets in
the urn srea. This ares, besause of the proponderance of younp white £im,
is appasrently in am advanced stage of plant succession. There are only 27

large sequoias on this aree, ¢ach oue more than $ faet d.%.bo, and no small

sequolng,

Eachh of these study areas is on the flicor of Redwood Canyon. The
egtablishiment of one more small study area near the ridge of Redwood Moun-

tain is deaireablaq

Vagetational Analysis of the Horth StLq; Areas

’“Priar to tﬂp manipu‘atlcn af éhe center twé acreswﬁngna Nozih “tady
Arag., two ﬁype& of plots werse establiched in order to study the vegehnulional
changes which will take nilace; 1,) eighteen permsnent regularized plots
veasuring O metsrs wide Ly 20 ueters long vere established and wariked on
sach corner with numberod metal stakes. A1l irees taller than one metar were
racorded and thoss measuring more than 6 inches dob.he were measured and the
ilameters were rescsded. HNine of the 18 210ts were within the area t¢ be

<:) manipulated sad 9 were outgide ss controls Tor comparison after manipu.
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lation, 2.) The second type of study plots were primarily to sample the
vegetation smaller than one meter tall. A total of 53 regulariged plots
measuring 1 meter by 2 meters were established, 28 of which were in the
area to be manipulated and 25 wers in the adjacent control rea. Further,
the plots within the two-acre area to be manipulated are also being con-
sidered as a part of the controls since they represent natural wegetation
Prior to manipulation.

The apalysis of “he data gathered from these plots shows thet of the

tree species, white fir (Abies concolor) is the most abundant and widespread.

it was found in 50 of the 71 plots with a toial of 344 individuais, By
contrast, the glant sequoia was found in only 3 of the 71 plots with only
3 individuals recorded. Young white firs less than 1 meter tall numbered
1% while young giant sequoing were totally absent from the plots. In fact,
none was obgerved within the entire North Study Area.

The ground cover plants and youmg trees wsre studied with respect to
their occurrence in various deptbs of leaf litter and duff, It scems that
the white fir can tolerate both low light intensities and relatively thick

1itter and duff and would, therafore, be able to perpetuate itself =s a

climax species where fire and other disturbances have not cleared the forest -

floor or epened the ciown HANCYT .«

Ssed dizpersal studies were begun to assess the distances seod would
ba spread from nalure sequola tevees and o determine the extent of sequoia
weed consvaption by small mammals and birds.

A4 generol cover map wss wsde of the entire North Study ivea with all
glant seguoias, iupine and fir thickets delimited, 3Black and white and
color photegraghic vecords were made of each of *he large sample plots,

“a the wap, the selection »f the giant sequoia, ilupine and fir was based
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upon: 1.) the giant sequoia being the main object of the studies, the prox-
imity of the manipulated areas to mature sequolas is vitaly 2.) the white
?ir is the tree species in greatest abundance and frequency and it is an
indicator of climax community conditions; and 3.) the lupine is the species
of greatest density and it apparently influences the abundance of pocket
gophers which may, in turn, affect the development of young sequoias.

Plans for Vegetational Studies, Summer, 1965,

The central 2 acres of the North Study Area were manipulated during the
fall of 1964 by the falling of dead snags, the cutting and buraing of all
dead logs and the removal of dense patchas of white fir, The'mechanical
disturbance of the leaf litter and duff exposed mineral soil which consti-
futes a good potential seed bed for giant sequoias. The 1 by 2 meter plots
are to be recsharted this summer %o determine waich plant species are re-
turning o0 becoming move widely distriluted asnd which are invading as a
rosult of the manipulation, Their fraquency, “ensity and distribution will
be determined. Peorticular attention will he given to any sequola rogenere
ation,

The vpatural vegetation of the Trail and South Study Areas will be charted

and analysed in emch the csme manner as explained for the North Study Area.

L% is vecomsendod %that a Jwrth study area high on the ridge of Redwoad
Hountain viesr the old 7CC zamp e added bo the siudy pregram so that a well
Jdrained gite may ne tssted for the same general purposes and by She same
yeneral methods, We would bhope that this srea could be sbeouk 2 acres in
size and represen: a roladtively open aituation without dense canopies of
shembs sad young traes, e goal would he asz natural a grouad fire ac
rossible witaouh prdor manipulaiicn of any surh.

X the latnsr project i3 approved For addition to the study, there is
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a posaibility that federal work study funds may e made available to San

Jose State College for a special undergraduate student to make an intensiwve
comparative analysis of different vegetation sampling techniques.

One cost that was not previously included in requests by the contracte
ore is the manipulation costs o the park. The project we are undertaking
relies é?ost wholly upon the manipulation of rarts of the gtudy arsas. To
make this acpect of the work more realistic for the vark administraticn. we
are recommercing that z minimum of $2,500, be made available to the superin-
tendent of Sequoia and Kings Cawyon National Parks for this purpose. The
money sheuld be forthecoming in the summer of 1965 if the entire project im
te centinue on sehedule.

In conjunction with tha manzgement studies, we anticipate certain other
natural history siudies which will add to Zhe growing mequodz 1lifs nistory
story. The most important =f cur antlcipated projects is Lo levelcp a
method of ags~dating living sequoias by wmeans of increment borings. Basad
upen the ragression of baszl area growth curves, a more accurate estimats of
a iree’s age can ve made tlhum ty simply arplying the average aniwmed incre-
@pant Lo the radivs of a trez. To perfect this method, we are collecting

Gata ou entire cross saeticas of gequoias 0 ascertaia the variante in &lops

5 of xUoiig fouad in Gilfering site qualitiss, This

zroject is already progressing, thanks io Bay Mwrphy, Jim Dampaey and Jsai
Hickoy apd others on the Sciusia National Powvic Staff, We are slso sbtaining
the cooperation of the U.3. Forest-Service in waking available cuisaver
sequoia groves for additional comparisons. he technique, when perrected,
will be of groest value to foresteors., ecologisis and naturalists for ine
terpretive purposes,

_1232 Small Hamala Stxg}g

Stadies cerried out by Dr. Howard Saelilaumser during August, 1964,
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provided the following information about the North Study Area:

1l.) The genera Peromyscus, Sorex, Microtus, and Thomomys were present

ir a 14%¢2:1:3 ratio.

2s) Thexe was no significant difference with respect to trap success
o1 the size of traps used.

3.) Sunflower seeds were »eadily acceptable as baith,

h,) There was a high rate of recapture, sspecially of Pernuyscug.

5.) Low nighttime temparatures had a daletericus effect on trapped
aimals. A method is being dovised at this time for batter insulation
of the traps.

5,) The parameters uacd by Branblz/ are appiicable to this atudy. The
average distance moved hebfween cuoptures for Peromysces is much less tham
that founi fer races in the Usasi Rauges.,

7.) The pattern of {rzps can be increased from z 10-meter to & 15
meter grid without affecticg the validity of the study.

Discussion and Plans for M:mmal Studies, 1965,

The populations of shrews and pocket gophers present the greatest
sampling problenm in the small paamals study. The primary mortality among

chrews wae due to lossg of rody heat while &rappaa( %7 may be necessary to

suvplement 111 traps wabh Loodstu;fs acceptable $o bhrews a3ong w¢tn uhe
useal sunflawer seed bait., Outside of numerous checks during each night of
trepping. 2 process which way oy may not outweigh the values of saving sil
shrews caught, the most logical approach is to concentrate ca raducing the
hest loses of the btrapped avimals. This problem is alse a gerious one in

saving all ismature deer mice, the primary specisas of this shudy. be.

;N

1% . " as \ o
“~/ 11atE L. H, "Heagvres of ths Hovements and Population Uensities
0" 5]‘;%3) :;}mlé;g: j?uba ZQOo [ 6’2( 2} H 1@&3”18&@ 1%20
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Shellhammer is now experimenting with various ilasulating materials to find

P

the most afficlent methed of providing protection sgainst the cold for
trapped mammals.

Censusing a populstion of pockei gophers without kiilling the animals
or grossly disturbing their habitat is a particularly &j.fficult problem.
Techniques to accomplish such a census will be tested during the summer of
1565,

The psrameters suggested by ﬁranhlgf can be ussed with asuccess to monitor
the movaments of smwall mamwels into and cuk of the burned areas, Tha 15«
meter zrid will cover the burned :area and the non-burnsd area on three sidesn
of the burn.

The Teadl Study Area will be trapped during the mummer of 1965 to
determice the donsity snd the comdesition of rodents in the area wrior ta
manipaiation.

Seedling preferense testa will be run uzang a wariedy of sesd fLypas:
sequoia, winite fir, rad {ir, incense vedar. sugayr mine, ponderovsa piunec and
sunilower. Seedlings may be growm in flate {or this test.

Small memmal 2xelesures like those desoribed in Waggézfare bedng vuilt.

Taese wlll be emplaced as criginally propesad, Hosht sxelosurss will non

protect gééihéﬁméﬁmagewﬁéwgfcﬁa$“QQﬁirxeis97gﬁéﬁéheﬂiéé &fﬂéeééwéi diffexaﬁﬁr
Typse, both semi~ and Mlly inclosed exclosures, will provide a good idea

off the Gamsge cavsed by varitous rodents, hirds and learger mammala.

The only areas with geoher diggings were those covered with Jupines.

L5 will be dateresting te e whas effect of the destyuction of the turf by

AWREOI C TORTe

shy o
wed Tegmt, DLH, Do ool
e e
f’}:"j N T T T R R el nans mars Fem et
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fire and the opening up of the canopy will have on the distribution of

lupine and gophers.

A small number of mammals will be removed from the general area in
order to study the stomach contents.,

Bird census and cthological studies as outlined in the original pro-

pesal will be carried out during the summer.
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MISCELLANEOUS

gequoia Smag-top Study
A common phenomenon of sequoia trses is the familiar snag~top which is tho
dead top of the main stem and, often, a fow latersl branches near the top. Specu-
lation has brought about variocus expisnations such as hot dry winds from the
Cantral Valley causing sxcessive transpiration at the very topa of the trees,
lightning, and fire scars which have severed the roots from the crown, thus
aevoxing the sapwood connections and starving the upper part of the crown,
Although lightning undoubtedly plays a part in this phenomenon, it became ewvi~-
dent during the recoanaissance atudies in 1962 thai all snag-top sequoiaa had fire
gears and those trees vithout fire scars penetrating through the bark always had
Zull crowns. The foliowing sempling of 100 snag-top sequocias was made by David
J. Hartesveldt in the summer of 1963 and tends to bear this sut.

Trae Total Percontage
Jumbor Circumferenco Tctal Dura of Total

Lo 70,0* 25.0° 35.8

2., 50,59 23.07 1.3

3s 64,00 26.0° h0.6

%o 106.,¢° L3.07 4.5

5o £7,0° 29,0° 43,4

6o 30,0° 13.0! 16.6

7o 85,07 27.0? 31,3

3, 77.0° 2h,07 3.1

Qe ?7.,0° h35,00 56,0
10, £6.09 22,08 3.4
1. 35.0¢ 38.0? 1,8
i ¥ N [ %eg R — B —,»»,,,,,Ev;‘;an i % P e
156 78,5t 29.0° 37,0 )
i, 81.0° 52.0° 64,2
15, 85.0" 28,07 5605
6. 56,0 | 75.0° 78,0
17, hg, 5 13,0° 26.6
i3, 34 53 50,00 59.3
19, L37,00 71.0° 5663
20, 53.0° 1.0¢ 1.9
s 80,00 32,07 5.0

22, 20,00 48,0 5.0
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Tree Total Percentage
e Jumber Circumference Total Burn of Total
236 86,0t 64,0t 74,3
2k, 84,0 45,0% 5%.6
250 79.5¢ 53.0! 66.6
26, 35,01 77.0¢ 30.3
27, h2,59 21.5° 50.6
28, 51,01 33,07 65.0
29 4.0t 52.0" 70.3
30, 61.0¢ §,0° 9,8
21 88.5* 35.0° 39.6
32, 86,0¢ 24,09 39.5
33. 94,04 41,0? 43.6
34, 82,07 18,00 58,5
35, &0t 14,0¢ 17.5
36, 65,08 40,0¢ 63.5
3o 72.0% ¥3.0° 59.8
38, 554t 2.0° 3.6
39, 87.0¢ 59,0¢ 79,4
40, 80,0t 14,00 23:3
51, 85,01 ke.o* 54,2
b2, 77.0¢ 39,0t 5047
43, 6707 27.0° 40,4
by, 65,02 15.0° 23.9
LS, 72,00 50,08 69.4
R . 59.0° © 25.00 42,4
L8, 88,01 5.04 13.6
bg, 95,00 5k, Q¢ 57 .0
S0, e Jel 90, 0% 30.0
51. Ph G 27 .07 3854
52 8,00 15,0% 32,7
5%, 9.0 11,0t 4.0
54, SH IR AWk 80,2
55. 86,07 56.0° 65.2
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Tree Total. Pergentage

Number Circunforence Total Burn of _Total
56. 73,0* 32.0¢ 43,8
57. 57.0° 34,00 59,8
58, #7,0¢ 64.,0° 3.5
59, 78,0°¢ 45,0t 5707
60. ‘735,00 16,0* 21,9
61, 630! 32,01 50.9
82, U0,.0! 45,0 50,0
63, H7.0! 35,07 523
64, 30,(° 67.0" 7,5
65, 51.0)° 29,0 76,5
66, 48,09 23,00 43.0
a7, 5%.0" 35,0° 59.b
68. Ha,07 17,07 31.5
89, 59.0° 38,01 64,5
70, 60,07 46,0° 76,7
7 7%,0° 570" 77,0
72, 67.,0° 41.,0? Gl.2
73 41.,0! 25.0* 51,0
7h 59.0* 30.0* 50,9
750 53.0% 14,.0° 6.5
76, go.0* 54,0° 675
77, 75,07 Il ,OF 0.3
VAR 54 ,0% 13.0°* 24,0

) 2 R -3 s L £ L B0
0. 87.0° 33.0¢ 38,0
81. 2,01 23,0% 42,5
82, 57.07 hs,0F 79.0
83, h,0¢ 20,07 27.2
&, 85.0° 45,0* 5209
85, 63,07 48.0° 57.8
6, 75,0¢ 38.0% 50.6
7 50,0°¢ 41.,0° 85,0
) 88, 13,00 16,0 702
9 59,0° 53,07 9.6




Crae Total Percentage

Number Circumference Total Burn of Total
N 55,0 200" 54.6
91, 64,07 19,0° 29,7
92, Skt 37.0¢ £8.5
93, 52,0¢ 42,0t 80.8
Sk, 51,0¢ 35,00 68,7
9%, 78,5 b2,0v 53.6
56, 67,07 47.0¢ 70,2
97a 62,00 37.0°8 59,6
98, 35,01 79,07 92,8
99 £2,0° 23,0° 37.1

100. 73.,0? k5,00 61,7

Average poercentage of circumferential damags 51.9 %

Size Distribubiva 0% Burned Trees

Dlatribution Ly Papcant of Average Size hy
Fexgentage Barned 411 Trees Circumferenca

0-~10% 3% 56 feet

0 - 2D% A 77 Zaet

20 =30 % &% 61 fect

20 - 40 % i3 % 71 foet

b0 -~ 50 % 12 % 71 feet
HN=-0F g 7h feet

N 60 - 70 % 17 % 70 fset

70 - 80 % 12 % 75 fook

80 ~ 0 % h % 59 feat

0 = 10 % 3% 0 feeh



MISCELLANEOUS
LRadiocarbon Dating of Glant Sequoia Wood

During the reconnaissance studies of giant sequoia in 1962, remnmnts of sequoia
wvood were noticed which appeared to be much older than others. With the knowl edge
that sequoia wood rots very slowly, it occurred that some of these remnants
might have laid there many centuries, If so, it would be interesting to know the
lenngth of time,

In 1963, I wrote to Dr. W.F. Libdby of the Institute of Geophysics and Planetary
Physaica of the University of California at lLos Angeles and inquired as to theiw
posssible interest in asaisting on this question, He repliad favorably, stating
that they would accept three samples for radioccarbon dating without cost. The
normal cost is $300. per sampla. Below is the record seat by Dr. G.J, Fergnsson.
It dndicates a wide ramge of age. In consideraticn of the smallness of the sample,
1t is possible that much older remnants may exist. Zach sample was taken from
the outermost portion of the log or atump o meost nearly approximate the time
elapaed since the death of the tzee.

UCLA-655. Sample No, 1. From a heavily turned sequoia stump along
che trall bobween Hazelwood Picanic irea and Circie Meadow,
in Gisut Foresct.

Age: 770 + 80 years

UCIA~-656. Sample No, 2. From a heavily burned sequoia stump on the
edge of Circle Meadow, Giant Forest.
Ager 2,100 + 100 years

UCLA=657. Sampls flo. 3. From a burned sequeia stump in Buena VisZa
Grove, Kings Canyon Natiopal Paxy,

2

Ages Hodern, i.e., lesz than 200 years



MISCELLANEOUS
Sequoia Root Study

In order to better understand the nature of the giant sequoia and its
natural history., radial trenches were dug by David J. Hartesveldt in the four
cardinal directions from a nearly unburned sequoia of about 12 feet diameter.
The tree is located between the Generals Highway and the 01d Firwood Campground .
in well drained sandy loam, The trenches were extended outvard and downward
vntil sequoia roots meemed to disappear,

Small feecder roots extended downward approximately 4 feot to a distance of
about 10 feet from the trunk of the tree. Protoeding outward from the trunk, the
feeder roots became limited more and mors %o the upper layers of the soil. Ale
though the lower limits of rooting varied from place to place, the surface area
of rooting formed very nearly a cirele with a radius of 125 feet, An area of
land with this radius covers 49,087 square feet, or 1.13 acores.

To obtain the volume of soil occupled by roots, the volumes of four eylin-
dors wera caleulatad:

(12537 x 3,1%16 x 1.0 deep = 49,087 cu. ft.
(1105° x 3,146 x 0.5 deep = 19,007 cu. k.
{ 70’)2 % 3,1416 x 1.5% deep = 22,149 eu. ft.
€ 2007 x 3,1416 x 2.0¢ deep = 1,257 cu. ft.

fotal rooting volume of soil = 91,500 subie faet

The fisld eapacity of soil is thtaib nmount of water left in a soil after all
gravitatioral water drains from it. It is the mesxiuum amount of water that can
2e retained sgaingt the forces of adhesion and coheaslon. Fleld capacity minuas

the wz_l{:ing point mo:.st:ure content muals the amomt of uater availabla for plant

porcent and willing pomt about 5 percent, the 91.500 cubic feet of soil occupied
by the roots of this tree would contain. at field sapacity, approcimately

3,300 cubic fest of available water for plant growth. or searly 137,000 galions
of water, From the studies reported earlier im this report, it would indicate
chat da ysars when soila ars at field capaelty, tree growth would be greatest,
Howewer, it is known from soil moisture besting in the Giant Forest thot in
yesrs of ligh% vrecipitation, fisld capacity soil moisture contents may sxtend
only & short distancs into the pround., In the lover rarts of the rootling voluume
of sodl, the moisture may be held at much higher tensions auch that it bacomes
nnavailsble for plant growth early in the growing scascp.
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TTNDIX I - Fig., 1. Giant Forest, sequoia on upper side of Generals Highway ne

near the General Sherman Tree, Core Ho.
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"CENDIX I - Fig. 3. Giant Forest, The Sentinel Tree in Giant Forest Village. Core jo. s-18

135

Diameter inkide bark - about 13,000 |feet
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APPENDIX I - Fig. k. Giant Forest, along Generals Highway near the General mumn__ﬁ

n Tree Parking Area. Cure No, S-23

Diameter ifside bark -[6.167 feet | 0
Conditions of growth: Hools covered on one me by 10 to 13 feat of rogks and o«mwn road £ill.
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. e - — O m
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APPENDIX I - Fig. 5. Giart Forest, sequoin on east side of Generals Huy.., just north jef $urn to Sherman parking r~wea. Core 8-

Diameter L&% bark {12,209 feet 120
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“FPENDIX I - Fig. 8. Giant wmnamﬂ. sequoia at entrance to Giant Forest Lodge munwbmw

Corg Mo, §37
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"FPENDIX I - Fig. 11l. Giant Forest, sequoia in 014 Firwced nmaﬁmwoawm. Core Ne. S-13%
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APPENDIX I - Fig, 16, Grant Grove, General Grant Tree. Composite of Cores No, maE: S=45 and S-46
Dismeter inside bark - P1,234 feet
Conditions pf growth: Mbderate to VTJ human Hﬂwoow in the| past.
rd in cores - 145 yearb, composit |
" Bnnual Increl Basal Areain !
ment in mm Square Fept H
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Increase or] decrease in| gro
past 50 y compared
years based on average ual ,
____Annual increment | 0.6% &ecr
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~TPEMDIX I - Fig, 17.Giant Forest. Sequoia aloag the Congress Treil near the Sequoyah Tree. Core No, S<32,
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APPENDIX I -~ Pig,18, Giant Forsst, The General Les Tree. Core No. S-33
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APPENDIX I - Fig.19. Giant Forest, The Washington Tree. Core No. S-31,
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APPENDIX I - Fig. 20, Giant Forest, sequoia in low drainageway ncar the Trail of the mwpzo»m? Core No. S-b,
- . | 7
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APPENDIX I - Fig.2l. Giant Forest, sequoia acrosg Gsnerals Highway from Giant Forest Lodge. Core No, Se2.

16,917 fee T 25
Moderate use, esgecinlly in 4he paat, White firc bagipning to ingeds, -
p = 295 year o .

g
@
b
(]
o
Y

A

guase

3
4

e x| s it o s e

in

1665-1914 1.03 0.166 Lo
T669= o2 U167 T o [ S ARt — S OER
i \Lz,.: M
| Incresse or decrsase ih growth ratp-of the :
past 50 yeprs compared to g@\mﬁw ious 50 =
years basel on mqmwwmm mawﬁww growgh: m
3 153
€ n.o& wunnm se {
. - o — . o frr e O
Inercace-th decrease ih growth rate of the
9 mm:&\wo yeprs compared to the previous years
“1-5% this repord based oh averags grpwih:
Annus - 6.0% decrense :
- a e X g et o ;,.02?}1.@J.,,),..{!yxismmuuuw
LATA " e AR
4
b
5
i m , 8
o e S e AR
i i
| |
,\.\«t ;;;;; H 4 ~ ﬂw
- T e, ‘ | w =
S Tt . JAverage Anmusl Increment for Decadellin Milidmehes i
, ; o ~y,.0 2
- - : | | Y S
- i &
{ o
‘ 5
| i
i ~
* t i o
H 3 H
e L o, S R - oM e P
i ln 1504 1854 TEnd 1844 1Rk 1096 e o




SFPERDIX I - Mﬁm Nm.mﬁmbw Forest, the Clevelard Tree near the east aide of Crescent. Meadow. Gore No. S-30
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APPENDIX I - Fig.2s, Giant Forest, Lowest ssquoia in the grove. El. approx. 5,200 feet. Core No. 5-2%
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'PFENDIX I - Big. 24, Giant Forest, sequoim on ridge between Log and Crescent mwmmosm.m Core Ho, 5-22. e
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PPENDIX I - Fig, 25, Muir Grove, sequoia on perimeter in fire regeneration transect, Core Mo, S48
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APPERDIX I « Fig.26, Atwel) Grove, sequoia growing at highest known elsvation, aw

» 8,800 feet, Core No, S-26
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TTENDIX I - Fige 27. Ggrfield Grove, ssquoiz above trail at Siide Canyon, el. 7,600 fees. CGore Ho, Se39
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. TIPIX T - Fig, 2B, Lost Grove, sequoia near high elevation boundary of grove, Core Mo, 5-58 ,
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FEFDIX I - Fig, 25. Muir Grove, sequoia in fire regeneration transect near east acan,mwwc cf grove. Core No. S-ig

guare

cY

£ - R
Qm&«mﬂ ide bark - $.811 feot |
,
mqus&ﬁgm £ growth: Uadisturbed: f«gog plént successign. | .
R o
wmmm%m of regord in core}l- 260 years &
{Growth Averages: e c
[ Annual Incred Basal Areajin ‘ L
; ment in mm Square Feoot ,ﬂ , i
: =
19141060 1,09 0.09% ™
113841014 1.25 0.102 : @
,w:am..wmwr 1.3 0.088 I e B
. 230 TRy ™ TTAREITATER H OREHARE FERE Ty TS
mwmaw@mmw or{decrease in{growth vate|of the b B
wﬁmmw 50 yeays compared go the previdus 50 L | f
j7ears based|on average dnnual growihe
; Annusl|increment -|12,8% dscrogse T | { m
BEGAL oY es = Deop eCrosne P o R A P
s - ]
e v, il - xra _ SR e )mrti - e — N W.“u..
:u&ﬂmmmm orjdecrease injgrowth rab#iof the P ; ©
cpsot 50 yeays compared ko the previous reara w
‘of this racdrd based on m.«wummm growth: “ ! : %
SR %< e -5 T R o Th o P20 O I O, PoY 01 LT N S, R m e xzfm: it e, Szw = Tu
Basallarsa - 6.9 lvereass i s P h
i / i P8
) ! :
AR ’ ‘ : P fAverags R m.? 21 Tacromant . N e
) -l : prrse s v g
i ” ‘¢ [
¢ i [ &
! § i i ! b
; P ; :
M w H N -
i W ' v 3 m B
S
- e e iz NI S S L S } . R
1004 82h 184% X i




,n:‘}‘;

APPENDIX I - Fig, 30- Suusnae Orove. Ssoncia National Pari. Voew danas uhdda i @:mbnw. Coms Mo 258 105
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“PENTIX I - Fig, 31. Giant Forest, The Black Chawber,

Core Ko, S«60
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APPENDIX II.

The growth rate percentages of increage or decrease in this appendix axre
based upon three sefs of comparisons: 1.) A comparison of the last 50 years
with the previoﬁs 503 2.) A comparison of the last 50 years with the average
srowth rate of all previous years on the inerement cores; and 3,) A comparison
of the growth rates since the dates of construction compared to the ratea during
an equal number of years prior to construction. The conparisons of the lamst S0
years with the rates of all previous years is not valid for statistical comparisons
because the number of years represented on the cores is highly variable. They are,
however, of great individual value and are hers included.

Blank spaces in the tabulations represent iansutficiont years of record foi
comparison, lack of data for comparisons, lack of need for before/after construct-
ion comparisons or for lack of meaningiul diameters on trees with excessive firae
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"\J:'PENDIX II& mg& lu)

Cranges in Sequoia Growth Rates in Yercentage.

Trees in Areas of Little or No Auman Use.

iCorn- Diameter ; Last 50 years comp. to Last 50 years comp, to all
1 Noo in foet { previous 50 years previous years on core
! Annual | Basal Annual Basal
; ! _____Inecrement Area Increment Area
g S22 .2 +24.5 +26.3 20,5 - 7.7
| Se31 8 ~10,3 - 9,7 =16 ~11.0
|10 | 137 : 21,2 -12.7 ;7 1906 -5.8 |
(se33 | 7.0 | - 9.4 £ bk ; -31.0 ~2l,7
Sw25 9.2 | ¥19.9 +27.9 + 0.b #16. 5
535 9.7 ] ~10.6 - 5.6 ‘ ~33,3 w230l
St 3.6 3 w2 4 «37.5 «38.6 35.2
S-20 | 17.4 E‘ +12.7 +1b.6 | +10,7 #18.3
£-29 5.9 | ~32,4 ~18.9 ~35.2 45,5
Ise39 | a3 ~38.5 261 21,0 3.2
lse% | o129 -22.2 | 19,2 | -29,2 34,5
gesh | 12,7 : 5.9 1 -0,8 ' . 5,k o ho2
: s-48 3.9 ~31.2 20,7 f ~45.2 a3
é 3l 3.8 f ~12.3  § - 5.9 5‘ - 1.0 - 6.8 |
| Sws1 9.5 * 5.1 +11.0 ~16.5 - 4.8
g-32 | 145 - 9.8 -ty “15.4 - 5.7
| etk B o 1.5 ; 0.0 ” 21,7 —iR.0
S~56 1.5 5Lk 37,8 “57.2 545 |
Is-39 | 15.9 26,5 | w226 ] ~11,3 - 5.5 |
se58 1| =585 | w235 - -
IRt [ T SN, S S
g ,,,,, Aversges = \;} : 1520 E - 8,7 fé a2 »1502
O | s

79..



APPENDIX II, Fig. 2. Changes in Seguoia Growth Hates in Percentage.
Trees in Areas of Various ‘fypes of lieavy Human Use.

. - N . 3
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PPENDIX IX

Fig. 3. Changes in Sequoia Growth Sates in Porcentage. Trees in Areas

2f Light to Hoderste Human Use.
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APPENDIX X

o gguoia Growth Rates in Percentage. Trees With
Cu t or Roadway.
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