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THE REDWOOD FOREST OF THE PACIFIC COAST

By Hexpy Gaxxurr,
I 8 Gleslogionl Nurvey

Hedwond is so enllsd beenuse of its volor, whicl, when fresh|y
eut, i i bright, though oot deep, rad, changing to a brown-rel
when thoronghly sensonid.  The woad §s soll, with a rather
conrse, strodght grpin, I I8 ehey o worlk, quite g8 mueh =0 s
o enstorn white ping. L contains proctieslly no resin, biut o
large amount of water. which mnlkes the green wool so exceed-
ingly hepvy thot often the lower log of o trée will siuk in water.

Botanicaily, the pedwood (Sequoce sempereirenn) is o birothier of
the big trees (Seguova gigonten) of the Sierrn Nevada, the two
species being the sole living representatives of the genus Sequain,
It is w consin of the cedars, which it resombilis in many respects,
in habit and appearnnce, in bark and foliage, Tt is o immonse
troe, largor than the fir of Washington, but not ss large ad the
Rig Troe of the Sjerr. 15 often attains a height exeeoding 300
foot and o butt dismeter of 15 feet. [t mrely bmneches low, bat
alwost invariabily shows s straight. Aated trank, perfootly Svm-
metrienl, rising with o shght taper for J0 feot to the lower
pranches.  The bark s coversd with thin Qakes of apidermis.
Iving puenllol v the stom,  The folinge is dull green in color,
fine and drooping. It is a most beaatiful tree, both in form
anil color,

The habitat of the redwond is peculiar, It 18 foand enly in
& narrow =teip, clogely bugzing the Pacifio vonat, stretehing from
the southern boundury of Oregon or just acress the boumlnry—
for there are pethaps 1,000 pores of redwood in Oregon—soutl-
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ward throgeh porthiern Californis, |.|-;1:'i_'. L Lhd |-.|_=.' ) e i1}
TR I GIN L [leaid, & fow seattoringe grfoves are found south of
the bav, 10 Santa Uroe oounoly sod other Jloeal itles, god there nre
F-'.i,lir-.:- pm Ll bob o v cenbiries ; [ p 16 o bisi il over e Uonst
rivpires ad aF south s Laoas Andeles bob inoall thiE region ik 1S
now peactionl [ v extinot,  The densest torests are fonnd i Flug-
Erovlad b oy Iy Thisl MNorn oynty, on the north, the ares 18
omparptivel v stinll and the forests soomewhnt iess dense 7wl

im "I-]|||||-ll"|.-- -'-l'.|||'|_'.' L BLE® B |.'|| Wity Lle :|||'.'.--llli AT I
even greater than 19 Humboldt, the forests are tol gs daise, nnil
i =oonnt by, gl farther south, the trmber econies nore
sopbtaorinee. thilm FELE OEE 1T £y e Fts luibiint 1= a recion of
oy y mlnfall, wloch eones i the winter, aund of fues whiol
sween 10 feom the Paeifio nt all thoes ol (e von Ibi= o Very
roist, tein perto reeion, both ol whieh eotulitions  apigeinr B D
es=en tinl to the grivwth of the =pecias. O the north 108 e
£S5 qarcl |-'|_'.' LEoinbasd by Biaws paorstbia s, soie e Dom ity 15 even
ereiter o Orezon ol Woashiineton than m Califoraim LA L

aitibh ot 15 probably Inmits] by the T IS I TEE Al il hu-
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148 REOWOOGD FORESTS OF THE PACIFIN COAST

midity. The species sesms to vequird for its development a
rithor nice adjustmeit of tempemtore and moistare conditicons,
which are not fond elsewhere, wod, sswill be seen Inter, do not
at present fully moet the needs of the speocies, aven in i85 present
(T

This iz probmbly the demsest forest on earth, ns messgred by
the amount of merchantable tirmber—that is, of timbor =nitulile
for the saw-mill—conlained per adee, Dt & ool the size of the
trise= mlone wldel prodoces this, although they are exeaptionally
birgee, even in this stute of large tings, bul it s the grest num-
boe of trees an each aere, the oliseness of their stand. Lo s red-
waooll forest the sun never shines—it 5 alwavs twilighl. Yoo
nre, ns it were, undet the rool of & voast temple, a rool of folbige,
supportel by great tree columns

In order to oltain o conception of the enormous stand of
tinber in the redwood steip, ot me commence with some fa-
miline exnmples for comparison.

The great pinenes of the southem states conlain, on an aver-
age, ahout SO0 feet, board mensure, of standing timber per
nore, AW white pine the heaviest county in Minnesola is esti-
miater] to contain an avemge of 5000 fesl, while others, regarded
ps forested, contnin 1000 to 20000 feet; and o tenct contadning
10000 fest per nore I8 regarded as heavily forestod,  Contrast
these fgured with the following @ The avernge stamd of redwood
gy ITT3000 acre in Mendooing conoty 14 44000 fuet per aora,
Thore is bare nearly nine times as much Bmber on an acre as o
tho southern pineries; yot even this 15 exeeeded in Hombolds
county. Upon 86,443 weres in this county the avernge stand s
84 10K foet per acre, nearly seventesn times as great ns in the
sotthern stites.. The humber companies around Eurekn, Cnli-
fornia, the prineipal center of the redwood industiy, have rual-
iged, sinee they commenesd operations, an averdge of betwesn
7oA el 1O Fewt gt pere, nivd one of these companies
has for thn vears et an avernge of 84 (00 feet per nere of red-
woiod nlono, besides fir and sproee. which would increaso the
simdinnt o oearly D000 foet,  Theso Lt Agures are not in any
wiiy wstinates, but the nctual prodocts of the mills. The dis-
proportion is even greater than appears here, for the standed
for Jumber used in the redwoowd conntry i= maeh higher than in
the vast, and comsequently the estimates of the nmonnt of timber
are cotrespoiilingly less.  Forinstance, whereas in the east logs
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elght inches in dismeter are out and sent to the mill, nod kootty
atufl i suwed, on the Pacifle goast nothing less than 16 inches
in dinmeter i eawed, and clear lumber otly.  I0 the redwond
wore used as economiicnlly as the southirn pine, thede estimmfes
of Its stand might ensily be 50 per cont gropter,  The lorests of
Waaliington wosl Oregon are vary heavy, bt they by go mewns
eqianl the redwoods in dessity,  The most heavily forstsd county
in Washington, Skagit, contuins abh sverage on its forest lond of
But @800 fest pier nere, dnd It Oregon the stand i2 no groater.
Of conrse, there are in these states nulividoo] neres. and even
sijunre miles, which are vastly more heavily forested ; but so.
also, are there in the redwood strap,.  On Maod river, near Koreka,
a lomibwr compnny is at work in a trnet of several sqguare willes
which netually cuts T50UKN) fedt por aom.

There ba ot record a stngle acre, near Garlerville, which vielilsd
i the il LAY 530 feet in lumber,  There was sufloient lum-
ber on this adre Lo have covered it with o solid blogk of frame
dwellings ten stovies high, A redwood tres of avernge sigo, say
five foet in dinmeter ot the butd, formishes enovgh lombor to baild
nn ordinary colfsge, nnd mnny trees hinve been out each of whioh
would saffice for hall a dozen such hooses.  One tree s on roe-
ol ns hiving sealed 66,500 feet, A tres was felled in o lumber
enmp near Borekas 1o 15808 which was 10 feet in dinmeter jnside
the bark, nod which sealed over 1KLER) foet, and there is =tnnil-
i in the same neighborhood @ tree 22 foot in dinmoter which
sendos nearly twice ns mineln  Such examples of wonderful yield
piiizht be tultiplied to any extent, but this would merely in-
volvie repetifion.

Thie el weood] steip iz cotnposed of the syasteromost of e Const
rospees with the valleyvs betwoen them, It is narrow ab the north,
ln el Norte eoltinty, whiere it 18 ook over Hve th &ix wiles In
lirsndth. Tt widens 1o Hombold cotaty 1o an sversee of 10 Lo
12 miless then sooth of Fel river, in the soathern port of the
county, itz gontinnity 18 broken for o few miles. At the north
edge of Mendocino county 1t copunences again, and' iy the oen-
tend purt of that county attains it greatest hresdth, of perhaps
20 miles.  Farther aonth, specially i Sonomu county, the mwd-
woods seatter, bl by foond in detached elum pe and groves, which
bscomue more podd more senbtering southwand,  The trees, how-
ever, remnin 48 large as elsewhere.

The elosest sl finest growth is in Homboldt county, nenr the
northern end.  That portion in Metdochao and Sonoma counties
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is mot as heavy or eontinmnoms, nor wre the trees as valuable for
lamber, w8 they braneh lower down,  The wood. §5, however, of
slower growth, is denser and harder, and perhaps maore domble.
The best lumber and the henviest prowth is everywhers in the
valloya and on the flats. On g Billsides the trees are smallee
atil not 20 dlose.  Nowhers i there any voung growth, The
vouniest treos, which nre found sady in the northern portion of
tho belt, aro-several hand owd yvenes of agoe.

When the tinrbwe s been cut thers is no sign of roproduaction
from seed.  In muuy lpoalities sprouts are growing from sturmps
in the cut areas, but even this form of reproduction = limited,
Farde], evervthing appeurs to fndicate that for seme reason,
probahly w progressve deving of the climate, the present environ.
ment 15 not mvormblo te the growth of redwood, sl that with
the clenring awny of the present forests the end of the spedies ne
o soubes of fuwber will be at hanil.

Thay ares of the redwond belt lias bean carefully magpped, and
08 nenrly s enn b ostimated, SO0 square unles, or 1,280,000
acres,  The stand of timber on this area j8 nol 80 a8y 10 ASCer-
tain. The figures given above in this article are the hest that
hoave beon obtainod, T will rempitnlate them with additions.
In el Norte county, out of 67000 aeres of red wood lamid, 11000
adris are ertimnted] to contain an avenge stamd of BO000 [eot,
In Humbolilt eounty, ont of an aeea of S00000 aores, 960,445 nores
have an avernge stand of SLO000 fest, with a0 range in different
trneds from 260000 fo 2000000 Teet.  Thoese fignrss are corrobo-
rabid By the result of all the cuttiog done in the doighborhood
of Earekd, whete nearly all the lTumbering of the county iz done:
The companies roport an average yield of batween T Mh nnad
TN feet peraore. In Mandocing eouniy, oot of a redwood
prva ol G0 neres, 1500000 avres nre peported o contain an
pvarees of 44 000 foet, with o mnge froom F2ARN) to THANKD feat,
In Sonoma eotinty the timber i so soattering that the total
amount, which s spresd] over an area of soue THINE pered, is
comparntively slight,

Uislng the alove Sutres, we obitain ns the nimount of standiong
reddwonnd the following:

Frei
el North SNEY v e anics iamond o (NN EOCH, TN
Homboldt connty, ..o oouaa ; e P L VR LR L
Muetloeing eomidy. .o . i oo 2SN OEKD DN
BODOINL MMNEY, BAY . .0 vessceaemsans =as L SHEL DN INK)
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To appreciate the magnitnde of these figures, it may be said
that the annual cut of lomber in all the mills of the United
Statis 12 about onethird of thiz amount. The redwood strip
alone would therefore supply the entire country with mill timber
for thire vears,

Manvy estimatesof the amount of standing redwood have been
mpde, with restilis widely at varanes with ane another. The
aren of the belt has long been pretty well koown, aod the dis-
grepancies amdong Lthe estimonles seomn (0 be due madnlvy (o differ-
enves i the estitonted stand péracre.  The first estimnte that T
i was pynide 0 IS81 by Jobn Dolbeer, of Eureka, wlio givae
23600 million fest. At about the same time Mr E. L Allen,
svoretnry of the Redwood Manufaoturers’ Association of San
Francison, mpde the estimaate published in the report of the tenth
oon=us, which was 25825 millions. 1o 1585 Mr Huberd Vischer
pubilighed, in the teport of the Califorois Stute Board of Foreatry,
an datimate of SO500 millions, and in 1890 Capt, AL C Tibbetts,
soeretary of the Humbolidt Lumber Munufacturers" Associntion
of Kurela, estinmtied it ot F7.500 mithon fest.

The aren seéems= (0 be genetally agreéed upon ds baing from
1000000 to 1. 950,000 nores.  The moecsaremaonts from Lthe Tast
map available, that of the State Board of Forestry, pive the
Intter bgures.  I1 = oub of the guestion that the redwood lands
vipld, on nn aversgs, so little ns. 20000 to S00KN fect peranrs;
ALl estimates of stand and all records of cut show vields far in
exciss of these lgures ; and it matot he contended suceesslully
thiat these estimutes sl revonds relate only tis selected arens far
above the avermge,  There'is, ns yet, very Hitla seloction of timler
bavnils tndciog plnewn, The while teeritory 15 50 heavily forested
that it ie no mdvantage to select thoss moat thickly elothed witls
tirber, but mither a dissdvantage. Theonly selection vol mode
hes Lt ain Lhie seort of ancessilidlity by strenin 1o enrelior tines
aind Tow il rote al present, T oonsider, therefore, thnt the fig
pres quoted above, which represent 250,000 geres ont of 1.250,000,
ar nearly one-fourth of the entire area; together with the revords
of the entire smount oot in Huombolde connty, fumizsh w fuir
samplo of thestond in the belt.  Captain Tibbetts' estimnte seems
tome, under present logging conditions, much tee high, but 1 have
nioy reasonally doubt that his amouut will eventoally be cot from
the belt, owing to the eoonomunies to be etfeoted 1u the future,

The annunl eut by the mills, exeluding other tsee to whioh the
woikid 15 put, such as firewood | shingles, ties, posts, and pofes—
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for sueh gaes are not considerel in the sstimate of the stand—i=
SO0 NLO00 fest. At the present mte of outting. therefore, the
strpply will probmbly Iast for thres homdeed vears

The rate of cutting will, however, ineree: gl 98 trapgports-
from 18 chanpened, muy merense many hondred per cint. For
instance, tie completion of an isthminn canal will open up the
entire market of the eastern states, where redwood will inevita-
ily replace white pine. enusing an immense demand.  Oo the
obbier handd, with the inorensed demand will some Tnoreased
ecnnmny il the utilizition of the woml, AL pressid only sl
afiethibed of the troe emerges foom the il ok sown i ber,
Nothing bub elenr Tnmbier i sawed,  Chiae nany go through miiles
of Tnmber vords ot Eurelo and exwmioe millions of feet of lum-
ber without fnding o knot or, indesd, an imperfection of any
kind,  The npper branched thied of the tres b= Teft in the woods:

Fo telling the tees there is mmeh damage dong. - Although gront
eareand skill are exorcised, the fall of one ol these giants, woigh-
ing soores of tons, not infregqoently splinters them ; ooeasionnlly,
ton, n tree fulls noross its fallen fellows and thus produaces great
destruction.

Fre tha i) the sonvonnt of Tumbar is diminished, Grst, by the
alalis ctit Fronn the ootside of the log, and, second, by the saw-
dnst,  This lnst b= an e of great inportanes, especinlly where
ciroular saws are tsed,  The grent saws used o the first eatting
OF thie Liges minke o ot Ave-sichths of an inch inthicknsss, This
menns that 11 the log were cut direetly inte fnch boards, inhore
thaun onethind of the wood would he converted into sl ast
but this 1= not often done. The log iscommonly first et mito
thick planks ad lieams, and these are subsequently ool into
amallerdimensions by smaller, thinner snws,  Moreover, bp most,
il the great mills today the Grst cutting i= done by band saws,
wihidih srs ol thinner, and eonsepuently convert leéss of the
g Enikiy sekwalumst,

Thuero s ohe canse of desteootion from which this tree is on-
tively exvmipt—that 15 fire. Conptaining oo piteh, bat, on the
other hiinid, o lorgy arnonid oF watet, it will pot borm when green,
No e enn fdn o & fedwood forest. We shall, bovond reason-
bl gpuiostion, v the use of vur sapply of redwoid ; shall aoe
v the pain of soang it go up 0 smoke. It & the only one
of our eoniferons Jumber troes which j2 thus exempt

The redwood 3 entirely in private bands, having long ago
pagaed from government ownesship. 1t is moanly held in smull
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trants by o great number of persons, but s few of the lunilor
companies have large holdings. Ulnssifying the 280000 acnes
abhove spoken of by holdings, it appears that—

OF & quarter sevijon, 1M pives or hes, thyire wers. .. 0 bholdings
From | section to'n gection (080 aeres] . oooaeee 0 Ly
From 1 section bo 4 sections. . ....ocvieeicas. 1oes & Y
Fritn 4 sections 1o 15 mectbons, . ....o0 cooooveaes L "
From 18 seotloms to o toownslibpr, .. ooconiiaes oo 7 "
Ober o OWTEER. i ns svnvsisantssssnsvascsansn &

The last were teacts of 30,000, 30000, and 27 000 aores.  The
above nre the holdings of lamber and mill companies. Whether
this classification propetly represents the chamoter of the bold-
ings of the entire helt i doubtiul, Tt is probable that the hold-
ing= of those not owners of mills or logging ennps nre smaller,

The forest (s nearly pure redwood.  Oveasionadly sprice hd
Oregon pine—that is, red fir—ore fotnd, forming perhape 10
e cend of the forest only.  The soatlern part of the strig 1= on
thie whole, composed of older tress than the northern part, and
the wood is denser and of Jess rapid growth,  In the north are
sorpo trsets coverad with trees not more than 200 or 40 years
old, while the age of the mature trees reaches severnl hundred,
perhnps u thousand years, The annual rings show that in the
north, especially in damp valleve, the growth i= several times as
rapiil as an the southern park of the strp.

The methods wsed in Jogging s in the main, =tmilne to thoss
employed in tho great fir foresis of Washington, but with slight
meddifications to (it different conditions,  The t=e O animals
such as oxen and mules, for dmgeing the logs from the woods
is over: so are the daya for dreiving loge 0 strenms, More
modern wsthods are universally emploved.  Indesd, the most
meodorn methods of labor saving are here in use. Do overy ro-
spict A redwooil logeing enmp and o redwood Tumber mill are
thoroughly upto date—nay, more, they wre the pioneers in labor-
saving devices. The trees are felled fn thid wise: They are
chapped half-wny through on the side an which they are to full,
and then the other half {5 out with the snw,  Two days” work of
two men b required to fell o tres five feot In dianietar.  The
felling mudt be done with the dimast aceuraey, as Uie troes sl
a0 thickly thot whet felled they dover the ground domplotely,
and vel they must not beallowed to @il on one apother, as that
would involve great Joss by breaknge.
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The folling i= done i the winter, the season of rains, when the
ground is =0, aud the trees are lelt Iviog oo the groond ontil
late spring, when things have become drier, when the whols
thing is set on fire.  This fre buris the rush and bmoclies and
mitiel of the bark, but does uot injurs the trees themselves, which
wre st o wet to burn. Then the work of cutting up the troees
nid petting the logs out begins,  The trees are sawed by hand,
with whij=aws, Into logs, penorlly 16 fest in longth, although
grenter longths nre not infesquently eot for specind néads.  Thie
big lisgs arve aplit into balves and quarters for convenioncs in
Daredling and sawing,  From the end of the rilroad, for mileonds
v taken the pluce of stragms in the transportation of logs; o
roand B2 bailt to the Jozged prea.  This mny bo merely a dirt road,
of hanl, compact alay, kept wot and nauddy by Hberal applica-
Hong of water, packed in bigs oo Horses, or it iy b s skid road,
paved with small Togs, Inid erfosswize nt shord intervids, and Hike-
wise kept slippery. A foree of 50 to 75 mn ix employed, and
two donkey engines, The lntter do all the work, talchg the place
of oxen nnd vivles, arid to a great extent of men,in the lnbor of
moving logs dhanut to the woods and deagging them down to the
ruilromd.

The donkey enziue in the woods & anchored. by wire cables
to abum s, ot o strategic poiot, & that in snbsequent operntions
it will inove the log pod not el Then s wire cable, attached
to & irium on the engine, & carried throngh pulleys to the lg to
b v, and I5 attiychisd by liooks, 80 that by winding ap the
enble oo the deam the log 2 moved o the desived  position-
Often mch ingenuity = required for the proper placing of pul-
Tovs dn ardor o prodoace the desifed osnlt, but o oll cases the
mnehine, direoted by exporienced heads, does it work gquickly
nind effoctivelv. Tt iz oxtioioely lntetesting towanbel the varied
aperationsal a donkey ebging in haodling the logs snd clearing
awny Lhe woste fumber und not the lenst interesting part of i
i= the quickness and olear comprehension of the men. Thery
i o fiss or wolse 1 everythipg in the varded opemtions goes on
qiietly and smoothly. If the [oranan gives fustroctions tliey
are genernl ones, and o detail sach man knows bis part, recog-
mlzes what he has to dis, sl when o do it Soan o teain of logs,
10t 12 in number, §5 on the rond chpined together tandem ;
then the eable-donkey is ealled dpon.  This s a stutivonry en-
pihe, losated ot the end of the ruilrosd.  From' its dram goes a
wite enbile along the rand up to the slnshings, just like the cable
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al’ o streel-car line, X copl thiet the eable = on the sariioe 10-
sbodied of Delow it This calile is Deilened to the leding Jog of
RITE ]Fnil'l AITE 1'||:"i|]|' I= -I|1Ir.r_"|]_,'|.|||:| l11-|l RPN TNOYEs I'.'I|III'II:1'-i.'
ward,  Just anoadvanee of the teain walks noonan wilh w hooket
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bl that few men cun stand the stradn for any grest pertod,
Phiv work i= also extremely dirty, owing 1o the bording, so that
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with about 75 men, nll splendid specimens of winnbood and all
Ilnek ns negross—fGoes, hinnds, aod elothing—from the chareadl
iwhich they work, bot wall read, intelligont, and intorestod o
the doibgs of the outside world.

The mills of the redwoid steip dre ns progressiveé amd up o
dute as wrw the logdng operations The Jois and thie Tuniber
are moved nod haodied everywhers by mpehinery bo thie ot
complete and ingenious waneer,  They are drwn from the
ponid up into the mille and wre rolled on to the enrriage and
el inte place for the saw by ingenious deviees operntod by
gtopne. The logs are sawed by hund saws-—n ecomtinnnus band
of steel, with teeth cut on one wldge, running over deams ahove
aril below.  This f= prefemble wo the ofrenlar siw for two rea-
sotis b on S n Jog of almest ooy size, which the bz aaw or
aly eombinntion of buze saws connob do; wud, seeoid, sineé it
canl be ade witch thivoer thoao Chie Do snw, there s less wnste
of woodd 1o sawdist, Do =ome millz the bnmd saws hiave toeth
ot on eaoh edge so that a cot may be mmade both as the Jog
moves forwned pd backward.  The boasds, beams, joists, plank,
ete., ns they come from the band saw, nre distriboted by rollors,
stenmewirkedl, to the proper parts of the mill for ftore cutling,
while thie=lnbs and other waste are slmilarly earried off to waste-
heapa, The lumbor, s jt pones fronn the band saw, 7 edgod,
eut to smaller dimensions, ete, by small cireular saws, inosome
casis hariessad (o ganes, so thnt severn] cubs arg mode st onee.
Towntoh the wheels go ronnd o ooee of Hese Ligaills iz 0 most
entrnuciing ovou pmkion.

Hedwond = it aloost aniversal use on the Californin oot
In the construetion of hovse livke other tinber i gasd, oven as
farsouth as Log Amgeles and San Thego. It s exported as far
sonth ns Valparadso, Chitli, and westward to Japon saud Avstmalin.
Indeed, considering its elipapness, 814 per thousand feet in
Eureka for the best, it seotns strange that it has pot fonnd its
Wiy it quantity o the Atlintic vosst,  Cartarn it 8 thnt belore
iy vedrs pedwood anill supplant the now vanishing white
it in enstern markets, |



5 CLIMATIC ARIDITY IMPENDING ON THE PACIFIC
SLOPE? THE TESTIMONY OF THE FOREST

By J. B Lnimess

'The extension of explomtions nd observations in the region
of country west of the Rocky monntains tenids in mahy wiys
to dovelop and confirm the proposition thata stendily progress
ive aridity i=elowly replacing former more hormid climstie eon-
ditions.  Thischange is wanifest In various woays—most conspic-
uoualy i the decreasing volume of water in many of the lakes
anid streame thronghout the region, as shown by the sxistones
of former beneh o at higher levels, ani o the profound dis-
turbances aind modifieations taking place in the native florm.
The phetiomena which follow the advance of arudiny are not
limited by altitude; for, while the desert conditions at Tow ple
vations exhibit them in their most intense pspect. they pre also
clearly temeonble to the highest summits, where gradually dwin-
dling glnoiors and abmormally high extensions ol certain lowland
typea of forest show the generl trend of the elimatie change.

I tho gensral exhiliition of inereasing aridity there are to be
noted two important distinotions.  One is dependent upon eli-
matic effects, the other apon the felief of a reglon ns affecting
the drainage, aid i3 termed soil aridity, Exeslleot examples
of the lntter pocur on the plains of the Columbin, whers the
great coulées or sunlen water channels, which traverse the plains
in all directions, are separated by comparatively narrow hlocks
of platenu-like country.  The dminnge [rom these elevated traots
i extremely rapid.  As a consequence, their summits and dlopes
are left withoat sufficient soll moistars daring the ETUW TN BEusOn
to maintain o forest stinel, although the annnal peed pitation is
high encugh o make tree growth possilile, were the dminage
sonditlons different.  Similar exmmples otour in the forested
sublipmid and humid peglons, where any lnfge aren on which
ternpernture amd precipifation are ]'.lru-l.‘.l'.it"tl."}' the same through-
oul often shows u growth of species belongiog to the drier aroas
in the midst of the homid groapsol trees, merely beenose the
angle of slope in some localities favors a more rapid drninnge
than apon the contiguous areas.  Similar effects are sometimes
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produced iy excessive porosity of =oil,  Loosesand and gravel
ar volenio ashes are poor conzervietors of moisture, and phairt
with it redily, both throtgh evapormtion and perealation, Soils
of these sorts are not comson, bowover, in these regions, whore,
s ke, moistureretentive quadities are the predominant char
wetoristios,  In the following disonssion the qoestion of sail
aridity i ellminated and the effects of alimatie aridity alone
nre oostdenind,

Tho variadions of plant e which aceompiny the encroaaly-
metits of sridity are diverse nnd often very complex.  Thnomer-
uble genernl modifentions and adaptations vectr, mostly tond-
ing: towanl a more or less sucoossiul reistonee o the stress
impuosed by dvier eliratic conditions:  Looal peculinrities, de-
pending on adjacent heights ne depressjions, specinlize—thnt ia
to say, they lssen orinorease the general degroo of atdity prov-
alant over any lurge arp, thereby fvoring minate adaptations
or geadual tran=itions Lo more extensive aml pronouneed miodi-
tieniions

In the rigrlon west of the Rooky inonntaios, the forestas a aalt
i the type of vegolation which, nside from the purely aquatic
element of the florm. saffers 0 more profoud disturbanes of its
equilibrinm and = wore guiakly and thoroughly driven out by
thio milvanetig arvdity than any other.  In the herbacoous god
to n lesser extont in the suffrateseont Horn there 5 o grodon)
evolution of new forms, or of entire groups of certain types, to
meet tho changing envimoumsite  1Lisdoubtiess true that many
herbieesus sl shiraliby species have gone andetin this strug-
gle within recent geologic thimes, while others nre =0 pirsand
septtared ne to warmant the sssumption that they, Wwo, are p-
Wy approaching extinetion; but, on the other haod, thees are
My groups possessing the power of adaptotion in a high de-
gro, ind through the slow doveloyadent of modiflontions or by
evolutitn of wimt wo tern species, they wre enabiled for s thme
to withstand sucosssiully vory sidverse conditions.

It 15 different with the forest growth in this region. Owver-
whelmingly composed of conebesring trees, representing com--
parntively few gpecies, it has an oxtremely namow margin for
the evelution of new formsor species.  The fact stands out elear
anel distinet that most of the types and spocies of the order of
eonifens west of the Rovky mountaing possess the power of adap-
tution only in o viry limited degres,  Their outlving formes are
fow and only vaguely definabile. It is true thal we ean recog-
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nire differences such as that of texture and color of wood, varias
tione tn bark chumotoristios, or in Yhe general port of the varions
individonls of o species npon any given aren, but the differsices
are not such s to ipdicate that they oonstitute a definite and
sharply determined trend 10 adaptability.  They miher convey
the inpression that they are o seriss of expiriig gasps of a type
of vegetntion which reached its culminpting point of devaldp-
mett immensely far baok in thwe, mul # gow on the road
taward complete extinetion.

The forest grons in this region which have T more elosely
examinéd than any othor in relition to the offeets of Thereasing
aridity are the teacts adjocent o and eneireling the Uolumbin
walibshod in Tdaho, castern’ Orvgon, and eastarn Washington,
We shall first examine the tracts Iying within these limits, thenve
prssing to obhors elsewhers, not so well Engwn,

When the coniferous flora of the reglon s investigated it is
found that certain specim have a far higher mtio of caduratce
to conditions of aridity than have others.  This might be tiken
to inidicate s certain degree of sdapiability, but the strongly
murkil chnracters which separate the species wore nisy i red
ages aga, and, with the exception of one or two spectes, do not
i oue region iy the preseant dow khow any marked evolutionary
teridencies.

The minot effects of the eneroaehment of aridity npon the
forusted arens are many, but eomparntively unimpartant,

e gronter #ffects are contained in one generl phnse, which
strikes at the very fonndation of the specles’ existones, It von-
sists in o gradual Joss of reproductive power in the individool
trues, and hence in the species is n unit, and s marked by two
periods. Inithe first we have a gradual crowding back to niore
Larmidl tracts of such speeiss as require o considermbile degred of
soil and atmosphetic moisture for their growth.  They are re
placed by others capoble of enduring anbbumtd or distinetly
seini-nrid enivirotiments.  In thessoond period we have n grodual
erowditig out or a eoinplete extinetion of the spooies of replace
mont. linstenied or cansed in the latter, is in the former, cnse by
a loss of reproductive vigor, and & final complete deforestation
of the particular aron wnd the creation of a treeless region,

“Ihere are three geneml types of elimutie conditions to which
the term arid will apple.  They are sema-aril, arid, nnid desert,
As here smploved, the semi-urid are reglons not necessarily de
forested, but which support @ tres growth of pécullar species in
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other looalities than in proximity tostreams and lnkes: the arid
e regions com plotely deforested, away from stréams nind lakes,
fisbural or artifivial, ot whiich bearan often rel and varied flom
of Borhuoeous and suffrutescont vegotation ; the desert b fmels
withont vegetation.  Thetwo former are abundintly ropresented
in this region iy very lnrees arons; o8 wo shall seec  The thied. or
the desert, dos not exist here; 1t 18 common Lo spesk of = the
testert regions of eastern Oregon,”™ for exam ple, but the fact is
thint in poo pldace hae andity rendhed its thind aod last stawe,
When herbbesins vepetantitn is alsenl, as on certain alkali flats
vt ol Stolo= mountuins, or on deffing samldunes slong the
Ciloinbin avd on the plains of eastern ﬂ"u.ﬁ]]inﬂ'l,nu anil nortl-
teserh Chewgon QU b= doe to Josal soil eomditions, not 1o sbaenee
ol =uthatent preecipiintion,

To fnilitate a more detalled axnmiination of the varlons farest
eonilitions. ns modifisd by inerensing aridity, the regon ander
consideration will be divided into certiin clogses or gones:  Thesa
romal diztinetions hove referencn solely to the mmonnt of pre-
cigittatinn whith each elass roceives without regnrd to altitudingl
Hitations, and will be designated arid, somi-arid, subliamid,
anid Lo did srens,

THE HEGIDXE F ARIDITY

The regions of greatest aridity north of the 424 parallel of lati-
tude between the Rocky mountains and the Caseades are fonnd @
in Idaho, on the Sanke River plains; in cadfern Orvegon, on the
platenn aeved hetwosn the Snake anid the Owyhee rivers on the
e ind and the Steins moubtaing on thie other; iu the rerion
boundold by Craoked river nod Malhenr lakes and river on the
nerth, Steins mountains on the east and the northern boundary
il Naviida ] the south, and in the Dheschutes depression e
twiesn the Blue monntains atnd the Casendes: in eastern Wosh-
ingtind, north of tlee Snake and et and south of the Columbia
river.

The aridity which prevails upon these nreas is of varions de
grovs of intensity, depamniding more or fess upan Tocal conditions
wiel the piroxditity ordistanes of humid, snow v mountain moges,
I eatern Washington the driest section is situnted ot the east-
erny Iosi of the Cuseindes, and extomds eastwiard some 60 or 70
miles; gendually morring into uniform semi-orid aod subbamid
conditions us the moisture-condensing Hitter Root rmuges are
approached. In eastern Oregon the most arid traots are found



18  THREATENED ARIDITY ON THE PACIFIC SLoltk

by bl west of the Owyhes, oxtond ing in a weslerly andd norih-
erly direction 10046 120miles.  In eastern Wishington tiim Cs-
caile mngo evidoutly contributes lurgoly to the aridity which
axists on its enst stope, and is therefore n loen] factor; butm
enstorn Oregon the most urid tracts lie ab o distancy of 200
miles or more east from the Unsendes; and owe their arigin to
the interenption of the moisture-laden westerly sl sonthwest-
etly winds hy the Sierra Nevada, and in o lessor degree by other
intetinodinte ranzes,  lirespective of loeal conditions, however,
it e b staled ns a goneml proposition, borne out by obderyed
facts, thut the erest of the mdvnncing wave of aridity o the -
tertiantane region of southerd [idahio, enstern Oregon, nmd ensts
et Washington is truveling from the southenst toward the north
and northwist,  The tracts termed arid bear np forests, 1t i8
true that narrow fringes of teees skirt mnny of the rivers or croeks
which wiewnder through thess nreas, but the growih is made pos-
sitle only by the humil or subhumid soil conditions due to
proximity of streams, and cease ab short distanows frin their
banks

Looking backward In time, there are abundant proials that
many of thir now treeless tenets onee Liore a forest eovering.
Silieifbed wood 1= found i thousands of loealities in the rigein
where no teee growth & ool possible, owing o insuffiolont pre-
vipitation, and its oconrrence on the surfacs of thase plains, not
s tratEported materinl, bat in plaee; angues in fvor of the -
pothesis (Tt the extinetion of this forest growth does not date
baok so very many centuries.  The fossil wooil, whets it oseurs
oty the treeless areas, s foond resting directly on the volenme
rocke, indieating that sutliolent time s vt passed stones the
forest grew there to chamge the surface in any pateeptible e
gree, The fossil woods referred te congist of remitins ol ouk and
probiably of pihes nod junijpors, i if not whally identical with
sppetiies that pow oxist in the adjneent megions wre very closely
culntenl, Thersare also many loealities on theso arid trocts where
are found fossil plants of Tertiney age imbedded in rock, desply
covered with lasalt, but they belong to a period when spovifie-
ally distinet elivintic comditions, as comparad with those of oor
g, prevailed in the region, and aee not here eonsideted. The
arpas classed as arid exist in many loeplities in this inlermon-
tane region: Tho mest extensive kuve alraudy heen no! et 3 bt
favored by loeal cotditions, muny small lobes frim tha toine Ly
of nridity stroteh out on all sides  Thut they should penstrate
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ik the wrens we tort seri-arid = o be expected, ps they are
but a step removed, bal it is eather surprising to find thetn s
the widet of sabhumid conditions; vet such is ‘oxictly the
oise,  Along the enstern bise of the Cascivdes many of thesouth
andd enst-fauing slopes are distinetly arid, though surraundisd by
and adjoining decidedly subhamid regions;  Similarconditions
aro pncopntered on the enst, south, and west slopes of the Powder
River monntasins, o the platesu nreas hetween the UClearwator s
the Salmon rivers, in Ldaho, and even in scattered localities north
of the Snnke, among the terminations of the western spurs of the
Bitter Hoots, Crosaing the Bitter Roots and entering the hasins
atiil plateaus on the west slope of the main moge of the Rocky
miotiitains, we opes more mest these extensions of arid oon-
ditlons projecting into the subhumid regions, They are very
well marked in the resion of the Blickfoot basivs, whoere thoy
ervss the toain mogoe and eonneol with the arid apper Missour
plaing through the comparatively low passes at the head of the
Bluckfout tribntaries : thence strotehing westward, they cover
larwe nress of the Clark fork of the Colombin basin, and follow-
ing the valley of this stream approach: to within 60 or 70 miles
of the epstern Washingion ]rln:ili:l, n the Clirk fork watiensshed
these arid extensions are usually bordersd by n margin of sémi-
aridity—thieir permben, #s it were—but in many places they
join and exist in the midet of the smbilinmid thmbered troots
without any semi-arld {mnsitions.  The causes which opsirate
to bring about these apparently ereatic nod sporudic advnnees of
arid conditions are not very eloar.  Where they ocear in prox-
imity to the genornl body of aridity their presence 18 easily ex-
plaiied, but we find such tracts covearad with herboeeons aod
‘shrabhy vesotation peculine e very orid regions in the midst
of o forest of yellow pine, or even higher, where tho elevikion
horders on the sabaipine. These Isolated Afrits ri'ﬁjllht. lnae coriny=
pared to sparks wafted far inadvance of & coming conflagration,
aach one evish babing s nuelens for the farthor H|!W-TH] of its own
peculiar conditions.

The altitude of the arid towets varles considerablyv, AL the
junction of Suake snd Columbin rivers it amounts to less thian
150 feet above sen-lovel, On the southesstern Orogon platean
it rises to fully G000 feel on the slopes of various ranges, such
g% Steins mountins, the rmoges to the east of Warner Inke, nnd
ot unnamml heights botween the Punlinas and Malleur loke.
Farther north we find the arid tracts at ¢levations varving from
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GO0 fout 1o 8,000 fest on the enstern Washington plaing and from
4 000 feol tor 50NN fest (0 the reldons between the Bitter Hoots
and thie maim erest of the Rocky moautning.

THE HEGIONS OF BEM-ARIDITY

From the arid regions we enter those termed semf-arid, We
meet hore o forest prowth. It 8 one which throughout these
regiong i atrictly ty pleal of semi-nrbd environmonts.  As it comes
most closely in conmtaet with the highest dogres of aridity and
has to benr the full foree of the ultimnte and permmnent defor-
esting provesses, its: condition and gapwot oo douliny inters
esting. This forest growth & wholly composed of jonipers
belonging to the following species

afrrmapernia sudwoaeermn, Chise-sessled juniper.

Jiwiperae woeplentalin, Western Juniper,
Jirirperaid séopactiveuns, Mogntaln junfper,

They vocur in thevarions setmi-arid districls as follows @ West.
ern jutiper, in eustern Oregon and probabiy on the =nake River
pining; mountain jumper, on the arens hetween the Rocky and
Bittor Root mountains, thenee extending jnto the eastorn Wash-
mgton plaips; one-seeded joniper; an the Soake Biver ploins
and along the hills hordering this river valley nearly to its cone
fluenee with the Clearwater,

The western juniperis the most abandant of thse spucies nnd
forms trie forests. b occurs a8 olose il aleolutel e e stands
i muny loeadities,  The most extansive are fomd o ook ond
Waseo gounties, in Chewwon, where U covers arans of over 100
weptnre toileR, with o slatid twioe o heavy ns tha ocdiiaey stanil of
yellow pineg in Oregon wnd Washington,  Outsiide of these large
tracts the species oeeurs insmnll groves or ngsregites; or o8 seat-
tored individuats, throughout most of the plains regron of cast-
ern Orezon.  These joniper forests exiobit oleacly the sscond
period of the general phase of progressive extinetion, that of
deficient roproductive oopneity.

The western juniper reaches large dimensions on the wastern
Oregon plaing,  Todividuals oeeur with basd disieters up to six
feet, It s a spocies of alow growth, conturies being required (o
province 2uch lurge trees as just noted. L examdnbng the stand,
one is strack by the great prepondernee ol olil tree the com-
parativoly small percontiage of young, wind the markel deficieney
of seadliug or sapling growth. It is noticeabls that thie older
treed produce enormons quantities of galbols—jonipor herries—
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but on examination one finds that most of them conlein only
phiorted seeds. Round about the trees the grodod is thickly
strewn with borries, but the lnck of seedlings proves how few of
the seads possess porminating power and indicates that the gen.
eral elbontic comiitions nre pot myorable to seod germinstion,
In many loofities extensive burns are fomml,  They have mv-
nged the edees of the forest= or plowed wide swaths through what
gneo were very dense and unilorm stands.  Some of these arns
are yery old, the stumps indienting that perhaps a century or
muore his poastel sinee the fire  Others are coliparatively e
cent.  Reforestution does not take place on the burmed-over sreas,
They hocome n purt of the adjacent, srad, trevless traets,  Places
poenr in the midst of heavy stands entirely devond of treos and
stimps. It is probabile thiat they fepresent extrenely ancient
burns, showing that reforestation in the Juoiper growth bas proae-
tionlly consim] on proas contigonous to the muin body of aridity.
It is nol alone when fire bas swept the Juniper forest out of ex-
istenoe that one notices o lnck of reflopestation, [t s nlep tobe
s ndjnoent to settlements where the growth has heaivcut clean
for domestio nees, and the groat number of detachisl groves and
sesttered] individanls isperssd over e plalns are asgiments in
the same general line 10k, of eonrse, bnpossible o sy with
absolute cortainty that all these outlyimg emoupE are porets of g
pniform Juniper forest, which onee extended over the outire
plains regions of eastern Criggon, vel From adnlogy we nre’ jasti-
fisd in concluding that sacl ts the fact.  The Ares aoed dicect
huminn agoneies which are cutting into the Inrger bodies of for-
est nb the present time prodoce just sueh detached groves sl
soatiored imdividuals, poid the snpagive evory promise of fomain-
ing permanently deforestod.

The forest of western juniper extanils ap to the sulibnmid
arens, whers it micets the weslarn vollow pine T oven goes be-
yord u strict Hue of demareation amd penetiates several miles
intir the yellow-plne arend. [t hind been notiesd that in many
plnees the juniper prodaess an abundanes of fully developed
seoils and u plentiful sapply of sesdlings where it comes in eon-
tact with thesublhamid rogios.  Soach - would boa gataeal resnlt
af the more fuvorible moisture comditions prevalent theee

Acocompanying the front of the semi-arid wave, eomes o tree
which, in these regions, can endure neifher the same high degree
af aridity ns the junipor nor so great a hwmnidity as the yellow
pine.  This is the mountain mahogany, Cermererpos Gadifd e,
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which therelfore furnishes an axeellont indiestion of e limils
of the guosi sermiaardd and lower sublivmid conditions which
mark Lhe feont of the semi-arid ndvanes anl the rear of the sub-
huiid rfetvent.  The mountain mohogany oceurs, therefor, in
numerous Tocidities all along the edge of this delmtable ground
and miingles not alone with the vellow pine, bot in maoy in-
stanoes aleo with the Jodgepole pine, aspending to elovations of
1NKD fept.

Croasing frome the gustern Oregon plains to those of the Snnke,
in gonthern Idaho, we find a growth of the one-seeded juniper,
dindperes mopeapermn. Compamtively lLittle j2 known of the
growth and distribution of the junipers on the Snuke River
plaing, but this spectes is one which prevalls lagely on the arid
regions in Uiah, and shonld, perhinps, e pagardal as Leing
pushed toward the north through the stress of inereasing aridity
furthorsouth. Coming into the interior Rocky Mountain pegion,
we muet a juniper wineh resembling the Viegguian juniper or rmd
cockar of the east. 11 ix the species nomed moantain juniper,
Jivmpieras seogrilocnm, oo smnll tree or shrab.  Tr occopies more
or less ciozely the semi-arid regions on the west slope of the
range, doabtless extending aeross to the eastern deelivities along
the lines -of semi-aridity. This juniper ean endure n greater
degrad of humidity than the other two species mentinned.  So
far ae it hius come under my observation, L reprodocies flenlf
freely. It hins ool vel enconnterssd a stross of arbd conditions
exeessive envugh to lowstr ite seod-prodocing eapaeity bevond
the balance point. It extends along vorious of the mwmoaitaln
strenims into the plains of eastorn Washington, ustinlly keoping
eloke to the streame. 1t does not speead Toto the open plateau
rogion of this state to any poticealile sxtent) indionting that the
semii-aridity of the interior Kooky Mouniain basins, whers the
tree prows on hillsides wod o valleys nhike, 1= not so intensive
ns on the open plains of eastern Washington.

THE SCBHITMIIN TTERINNS

Adjoining the region of semi-aridity le tha subbumid belis
Four spiocies of tonifers are of common eccurrence here.  Thev
nre: Western yellow pive, Prawe ponderons ; vod 1, Presvdntaugn
mueranahi ; lodgepole pine, Finwe mivrayapa, and great silver
fir, Abies grandie.  Their endurance of dry seil and elimatic con-
ditions is in the order namad, the yellow pine ranking highest
and the great silver fir loweat in the seale,
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The western yellow pine ocenrs generally throughout the en-
tire stibliumid aren in this region. In sourse of time it hos
seceeded 1 establishing a high dégree of adaptability to the
desiceating elimatie chinnges, amd it therofore forms the extreme
reat of the eoniforous growth In the subhutoid bell, receiving
thi full foreeof the ofconiingsemi-aridity.  While the tres thus
shows its droughi-resisting power, ik erroneons tosappose thnt
it hnsreached a stags of mdaptation where it nbsolutely reguires
dry rogions for its development,  The heaviest stands of western
vellow pine thiat hinve come nnder my notice, varying fnom 30,000
to BULOD0 feet B, M. per acre, ocenr insmall patehed in the Selway
bastt of the Bitter Root {orest reserve, where the precipitation
probably ts not less than 7U or S inohes per annum., W here
the species 1= found under puch conditions, it 18 falr to as<ume
that it represants the more ancient form, capable of anduring
miore humid environments than the forms which now mnke up
the bulk of the speiies in these regions.  Asarule, however, the
tree déeupies thoe lower areas of the subhumid regions; and is
sty of open or seattersd growth,

Coming now Lo the effects of semi-aridity npon the growth of
this species, we may obsorve that as a mle it has not progressod
far enough to serioisly affect its reproductive enpacity over any
very large aren,  We find, however, wherd the species borders
the =sewid-arid trocty of greatedt intensity or where here and there
long narrow tongues, lobes, or thin lines of it project seveml
miles from the tnain body of growth into them, that in such
lnealities the reprodpetive capacity of the tree = excondingly
Hinited or altogether wanting. In other places, especially. in
epstorn Orogon, where o few small groves o gingle trees aree foand
erowning gome i2olated eminence antirely ot off from all direct
connoction with the species olsawhors, the same condition 1=
noticenbile : wod, preciselv as is the vase with the western juni-
per, the ovules are generally unfertilized, or, if fertilized, moet
of them abort, and those that are fertile and devadop into perfea
pemde Ml to germinate, Do consequence, semdlings are rare or
altogether Incking fn such logalities.  Oupe of the phenomenn
noticeable in this species, when much exposed to the desivont-
ing inlluences proceeding from contigupus arid troots, s o ore-
markable dwindling in 12 cotie dimensions.  Normally, in theso
rogions, the mature congs are from three Lo four inchesn length
but where the species oceurs in proximity to the deforested nreas
on the sastern Oregon pliains, the cones are frequintly not more
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than one and a half to two inchesin leongth., A most conypic-
wou= exatiple of this phenomenon are the vellow-pine forests on
the vorthern slopes of the Pauling mountains, where thousands
of individoals bear cones bt n trifle longér thon those of the
lonlgepole pine, and the core dimensions of the entire growth are
fur bntlow the normal,  As this truct of forest is epaeited only
by a nirrow steip of senvi-aridity from weeas of intense andity, it
s naturndly ander n high stress of the latter condition of elimate,
il the dnference is fully warrnnted that the decrease in cone
teusions isa {urerunner to general sterility in the species upon
thiese particonlor arene

Crathg further northward there are seen thousands of loealitios
thronghiont the vellow: pdne arens whiclh are alsolutely deforested
of eonbnin o few, very old, lonegindividuals,  Same of these tracts
eonsst of sodth-feing billsides, which recelve the full fores of
the desiceating rays of the sun. 1T they, In addition, possess a
high angle of slope, cnosing too rmpid deainage, sofl aridity is
likely to result, with conssquent deforestation,  But many bare
et exist when soil aridity t= oot o fuotor, and the nftuence
which prevents the spread of the adjncent forest into such arens
thust be chimatio, so far p2 oan be determined,

The wilddle and upper portions of the subhumid belts earry,
b nehditions b the vellow pine, the ather spocles ennmerated.
Two of them exhibit e trees of vielding to the eflicts of
semi-aridity,  They are the great silver Brand the red firn. The
formr i< exoeedingly defieiont in eons peaduetion, bat vields a
high percentnge of semls with germinatlog power; the Intter is
e eone jiroducer, bat matiees an insignifleant proportion of
its ovules.  In this respect it nots sxaotly similarly to the west-
arnjuniper.  The grent silver fir possesses small powets of wdapt-
ability. (i the western spurs of the Bitter Roots it s devel-
apesd s type of treo low, small in dismeter, soft and sappy in its
winiil, shiort-livesl, and with extremely seanty cone production.
This foru takes n lower place in the subliumid sone—that is to
=ny, nearer Lo bhe e |'IrHHHIE-:IFinﬂ’Lﬁ'—LhHﬂ does the lurger and
mcre fruitful typw. The aduptability of the ved fir is of & moch
higher typethanthe foresaing, Notwithstarling it efeientsesd
production, there iz no evidencs thatit is pot maintaining the in-
tegrity of it8 slands thronehoat our reglon, Tt is not confined o
sulbsbivmiil areas oxelusively, thrivhig and developing it lariest
dimensions in o extremely huwid situations on the west slope
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of the Cacondes ; but in the region under considerntion it be-
longs o bl subhimid arses dod, 0 bofore retdnrked | it 1s hore
deficient in somd production. A fetor snters here to bo consid-
ered Inter. This i temperatiare eonditions. It isevident that
uriless a certain ratio of inersiss o the pean annoal tempera-
ture acoompanies the sridity, there is a limit of tolerance beyond
whivh certnin species eannot be foreed, When this limit is
reached the species must suceumb, and this is prabably the
rensan why the rod fir does not push fae into the lumid arcs
i blese fegons.

The lodgepole pine possesses the highest power of adaptalility
among the subhumid groip ol trees,  TUrmages from the hamiid
down throueh the subhamid and well into the lower edge of the
sotni-arid belts,  While not o plentiful prodoeer of parfootid
seeds; must of the ovalis aborting, [t amply mikes up for this
deficiency by its mullitude of eones and the sarly age ot which
it begins o prodaece them. I the present vigor of the spocies
pontinues; it promised to beeomea the dominant one on il spbe
bhomid nod hwmid areas jo our region,  In the subhomid forests
of eastern (Ohregon, along the lower slopes of the Cpsendes, thres
spscies enter which are lncking farther north. They are:

Abira comendpe, White fir:
Fativeralvie dleeurecig, Ineonso codar |
o tombaertiomn, Sogar pine.

The white fir, perhaps not specifically distinet from the great
silver fir, oeonpies the same geneml place in the subhomid groep
of trees on the more southem arens that the latlor dos on the
nurthern.  We might aven suppose that tie greal silver firis
moddifieation of the white fir evolved to meet changing tempern-
ture and humidity conditions. 1t 35 evident from the relative
position whinh the white fir ovenpies that it Himits of endurnes
to inereased temperntures and lower humidity are far higher than
thase Of the groat silver fir.

The ineense cednr and sugnr pine come ot the middle areas
of the subhuwmid beles.  Their distribution or rétreat northwand,
or into the humid arens, is limitwd by temperature considera-
tions.  As they show no ndaptability to meet thom, thelr exten-
ston northward is precluded and their extinetion will be rapaid,
com pared with other species in this region,  The sugar pine = a
free eone amd sood producer, while the ingrose delar appears to
b deficient i this respeeet
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THE HUMID REGHXNE

Fromm the subiliumid tructs we come to the humid oues.  These
are chiefy Hmited to thie mounmtain regions.  When they extend
into the plalos or nto anss of lower humidity, they do 20 only
L the bottoms or on the northern slopes of deep eanyons or the
northern slopes of ridges.  On the other hnmd, it i3 every where
toticenhle that the subhomid nreis seod long, strong lobes anod
extensions into the humid troets, earrying thelr chamieteristio
trees with them aml indicating the coming sfeandancy of drier
cliratio comditions,

The trees which compose the forests 1 this gone gronp them-
selves into three divisionz according to their altitudinal range.
The firt group, ovenpying the higher elovations, contains the
following species

Farnit Eyedllii, Lornll Tarah
Fovun oifbiomadae, W hite-bark pino;
Peigen peettondi, Mountain bewlock.

Thie secopd group containe species which wmost senerally og-
aupy nress ot the lowest elevations in the zone,  They ane:
Thowga - pulievati, Puellle arbwer-vitee
Faritie eecidrmfalls, Western larch ;

Tougn wertensinna, Western hemlock ;
Feapion pyuintionld . Moyntaln white plie.

The thied groap contains speoies which runge indisoriminitel v
from the apper o the Jower ereas of the homid zoos sond wre as
follows:

Aldea Dmiomargue, Alpime fir;
e el momnd, Enm‘-.h::l._-u.n.n S |
Finos mrvapona, Lodgepole pine.

O e species Tnclnded 1o this group, the Alpine fr possesaes
the least power of adaptability, the lodgepole ping the highest.

In addition to the species enumerated, there are the following
whiose behinvior as to altitudinn] extensions and lmitations are
not very thoroughly kkmown, They are:

Fildoidrun décurreny, Tnoonse obdar;
Chomurayparia naitbatensis, Yollow oodur |
Alies irpmnhilia, Apusteilis fle;

A bdee wnhifie, Nolile fir;

At phusdenria, Shasta fir;

Piviis feailia, Timbir pine;

Pigie foontiertionan, Sogir ploe.
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With the exception of the lHniher pine, most of the=o species
are, in these regions, confine] to the Unseades, nod do oot extend
very far from the high, upper slopes of the rige. Only the
gugnr pine anid ineense colar come into contaot with redions of
sttbhomidity,

I have already notmd thsl strokig and Lrond  projections (rom
the subhumid arens push fe into the homid belgs Thos s
miost mnrked along deeply oroded valleys, where high summer
teriperatures provail,  Not only dothe subhumid conditions
bocoma eomspictions in the hamid belts nlonyg such lines, but one
meets oocasionally spots of tme ardidity in their midst, Soch
ioonlities presont the anemalois spedtuole of permanantly de-
forested nreas supporting dpecies of grises und other herbnesons
platite peculine to the arid plains at sulndpine altitudes, and in
rescione where the sitnation seemingly shoulil fnsure an abun-
danes of precipitation.  Exeellent exatnplss of these pliases nre
sty T the Bitter Root forest resérvn i Didahio.  This region lies
withlio pn aves of snflicipatly heavy grocipitation to o generally
alagsail nx humid above the 5000-feet level ; bat arid aml sab-
humnid conditions have extended ap the Clearwater and Salmon
river vallevs, in places reaching the main rangs, and overleap-
ing thiz barrier have joined the arid regions of the interior Rodky
mouninin besing.  Thesubhumid and semi-arid conditions have
spromd upward from the valley bottoms slong the mountsin
slopes (o clevationd ol G000 Tt to 70000 faed, mrr}rlug thedr phe-
culinr slirnbe and tress with thei,  We tannot accoint fyr the
pmrmanency of these aril and segni-ardd extensions, except by
adopting the propusition that o progressive diminution of the
anntal precipitation is now an establishel kil genernl elimatic
fenlure in Lhis reaion.

Coexistent with the advanes of drier ¢limatic conditions info
the humid srens: we find, as already noted, many of the trees
and shrubs of the somi-arid and stibhumid traots, while the
entire firest hns been profoundly disturled o its equillbrinm,
Among the shiribe of the ard and semi-and regions which have
thus penetrabed Tito the humid preas may be mentioned Cereo-
e piie fr:{q;'ﬁ.r.!'i'ul, Kupzin briddentectin, Aotemuan brideidobic, Arigmit
arbuacilia, il ang or two spodies of Forsellesine  Thesoe sheabs
abotnd on the arfd regions of the plikins to whichi they properly
bolovig,  They are found following the subhumid areas into the
humid ones in the Bitter Roots, in the Rocky mountaing and in
the Cusoades.  Their presence sl distribmtion hore proves un-
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mistakably progressive semi-aridity into the sabhumid trots,
wsibhamid extensions into the homid nreps.

in the semi-arid balt we noted the oconrrence of detached
arzeregntes and seattered individuuls of its forest growth sepa-
ritedd froma the main body by deforestod boves and wide strdtehes,
They wers taken to repiresent the effects of & gradunl invision of
the ndjncent arid conditions, creating a sort of fringe or frayed
oilge of timber growth slong the sdge of the forest.  TF our jdeas
of progreszsively drier conditions extending throughout the dif-
ferent belts of humidity aee in seccordance with fuls, we lhinve a
right to expect analogous phenomens in the hwmid sod sab-
humid nrens,  That is exactly what we find, but they diffor from
those which exist in the arid and semi-arid region in this way :
thut the edge of the advancing semi-anidity into the subhomid
traets and the frond of the sublinmidity where it penetrates into
thie humid areas are not typically marked by deforested open-
ings. Instead, they present detached groups of the épecies, which
belong to the upper and more humid teaets of ench of the 2ones,
entirely surrounded by heavy bodles of the kinds which belong
to the lower gones and whicl wee capable of withstanding greatar
dryress.

Tn examining the phenomenn of forsst grawth in the homid
arens, a8 nhanged or in proeess of modification by the ghifting
climatie conditions, we ean find poJocalities within thess regions
that present the varions phases so clearly and indisputably as
does the west slope of the Bitter Hoot mountains.  This area
is truly a debatable ground.  [ts forest growth iz subject to great
and extensive stress—aon the enst from the arid conditions of the
Hooky Mountain regions, on the west from those which prevail
on the tresless plains of the Columbin River plateau. 1t is
sl furrowesd, alnd erossed In various places Ly extensions
from those two great trnets. AL the samie time it contalns very
large arens of extremely humid slopes, where the deving offvcts
of the changing climate are as veb scarcely felt, if ot all. Thesa
gomaditions provide numerpus teansition gronnds for the study of
the forest modifications.

Beginniug with the group of summit trees, as they might he
called, wo bave three species which are in the Pacific northwest
trie timber-line trees,  Nowhers, however, in the Bitter Ronts
do these spevies form a timber-line wone, for no peak in the
range is high enough o reach il As sunonbts exist 10,150 feat
in height abiove sse-lovel, it follows thet the sbaolute tmber-line
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in bere phenomenally high —n significant fact iy conneolion with
the wide extonsions of subibwnid wd sesi-nrid conditions into
the interior ol this rilage, and n |hLumt“J-lu o rse et rige of Lhe
mean anntal tempersiane.  The absatoe of notiom bae e even
it the highest peiks was noted and commented apon Ty thie
varrtons purties engeiged] o the first surveys for o northern tros
contivental milroadd poute, but wos generally aseribed to the
effects produced by o ceurrent of warn wir supposed to move
eastward frome tho plains of the Columbin in this latitude.

Nong of the three specios contained in the summit group of
brees prossesses oy wiarked power of adaplation. The Lyall
lareh i2 wholly delleient in this respeet.  The white-bark pine
ruetks slightly higher, and the mountain hemlock somewhat
above the latter, na shown Ly its ocoarrenee within toloubited
sithhuniil conditions in some loculities, ns in the mibddle portion
of the Deschutes basin in Omigon.  In the Bitter Roots wo fird
the Lyall Inreli along thie high erests of the main mnge from o
point just porth of Mex Morce poss o an as. vel undetermined
northern point.  However, 1t does not go very far beyond the
ridge: which bound the north fork of Clearwater basin, 1t is
foutnd on both the enst and well slopes of the fange, extending
thrde 1o four miles away from the credl on eithar side. The
western gpurs of the moge presest one or twe outlying small
groves of the species on the divide between the [oghsn anl
Selway forls, Its habitats in the Bitter Hoot range nre abso-
lutely cut off from all connection with others elsewhere by gaps
of low altitinded o hoodred miles or more inowidth, which now
cunnot pogzibly Do spannad by the species. o these regions this
larch is clearly appronching extinetion.  [ts cone and seed pro-
duotion are extromoely soanty. s growth is excessively slow,
Most of the individonds which make up the stanils are far ad-
vaneed in age.  Beedlings or saplings are rarve and seatlersl.  No
farther lack than thrse centaries thore miost have been nbandant
seeil prodoction, ps pomajority of the trees arm ajiproximately of
this pge.  Three centuries hetee the stands, il existing at pll,
will ghow great diversily of age, unless the ovp-benring poriods
run b eyeles, long intervals of Ieifrenness being followed Ty
periods of fertility. Whatéver rotation ay exist in this respeat
(and thint gome dows oocnr wmdmits of oo doubi) it operates only
within nareow lmits of Hme, prodocing whet are enlled * off
years,” and dovs sot impress iteell” very stropgly upon the stand
of the species ns n whole.
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"'nssing to the white-bark pine, we find it axtending over all
thie Firlges ol spues of the Bitter Roots having olovitions ahove
B0 fisek, O Lhie northy thee range of the trey is intercepled by
the valloys of the Clurk fork and the Bitter oot river. O the
south it folldws the erest of the ridges into the Booky mountnins.
The spects 1= neking in vigor and 12 not malitakning it former
staride, 10 i a cotsdpiononsty shy cone producer throughout all
bhis reprion.  The staminate hlossmns of nnionts are Gorne in Lhe
prentest prafusion, bat the pistillate are veoy rare. o conse-
quence, bul few oones are seen, nind the seallings, while not
wholly absent, are very sparse and soattepsd.

The wonntain hemlock ooors on the ridges above 50500 feet
elevation throughont tho central arens of the Bitter Koot system,
It 18 eut off on all sides from eonnectiom with the species else.
whes by wiile stretehes where it is wholly Ineking, 1o the north-
ern portion Of Tts roge itis pnabundant eone and sesd producsr,
niied 1= mnindsintng the avetage densifies of = stauds:  Tte sonth-
ern boumdary in this region les alonge the orest which seporates
the north aml middle forks of Clenrwater. Al along this south-
ern edge it abuts upon the subbumid tocets which spread ap-
wanl nlong the slopes of the low-lying valley of the ooididle or
Laochsn fork of the Clearwuter., A low ratio of coneg nud send-
bearing oppmcity marks the southern: edge of its mnge, nod jla
seedlings are far from sutheimmt innumber to keep thestanids at
thoor mnxiniume density.  Throushout the entire Bitter Hoot
region thie duclining vitality of the speeies s indieated by jts
ennl]l cones, whioh do not avernge ong-hall of the normnl size
foe the more vignrons type of the speties, The habit of the
three suinmit spovies Is indmieal to sarvival aoder very great
stress of subbumidity. Their place of growth s invielably on
drenined slopes. 11 through adaptation they shonld nequire the
power to grow i wet or snfurenbed soil] they wonld stand o for
bettar lmnes of survival, but vo evidones exists of any such
rodifications.

Below the summit group of trees are the species of the second
group.  Among these the weslern larch possessos the grentost
powitt of adaptation, next the mountain white pine, then the
Pacifie sebwor-vitie, and last the western hemlock.  The western
lareh # able to endpre subliomid conditione which, Inoplaces,
almout border on sendeneidity. O the Lrees distinetly balopging
v the humlid arens, it is the Lest to reteeat befire the ailvaocing
line of climatic siceabion. Al these spiécies nro ot home 1in wet
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or swampy loealities, and are therefore hotter fitted for a lengthy
restetanes than wonld otherwise b the enss,  Thelr northwand
mnge extionids indotinitely o the limits where the mean temper-
aluri b Lk bow for their growth,  Theirsouthward bound-
uwry m the Bitter Bt regdon livs o few obiles nortle of a Hoe
rnwn et el west thirough the arest ol the divide which sep-
prates the Salipon rivet from the Cléniwater denbonge.  Narth-
eslwird thev oross the Bilter Rools o the Rocky Monniam
riiiagos, whille in the vorthwest they exloid thévueh the moun-
tnins botwesn the Freaser river nnd the Columbin into the Cus-
endes,  Owing to the oirommstanee alroad e mentoned —<4heat the
Fptiaes cnn oxint in awampy grounid = they holil their own ngaimss
the oo d eneroneh mmts everywhere but along their south-
ermoodge,  Their retrent 15 hers marked, exactly as in the cnse
of otlier spsities, by doficient cone and sesd prodietion and by
thie oeeierenee o detuell] bowllies of the spsties alone the line
of robeeut,

The thiml group of the humid saries of trees containg apectes
whose wilkptability to viaryving altitalds ol moisture conditions
1A the highest,  This ixdwing to their caipagity for aniduring
very diverse Wabitis,  They are equally ot home o dey, well.
drnined slopws; or in wet plivees. whore their roots are continually
nmersed in cirenloting water.  Among tho theee, the Il]lIFﬂl‘llﬂu
pine has the greatest omduranee, wod ol pppenrances ndicaio
thal it = the specivs which eventually will supplant the other
speties i Uhe hoidl regdons.

The Mpine fir moges throughont the entire extent of the
Bittar Root mountains, andd exbends indelinitely north snd south,
onst wnad wesl, aloig the orests of eonneeting ridgbs 1 §4 a fnie
prorliesr ol anies ad sesils, ol Is mniotadnine its staonds in ot
loinl ek Tts h1l:‘u1:l'-|'1]rli’|l]”i:.‘ Ly shilvekse sibibomiid conditions s
fonad i the oeiurronoe of Tiege deforested  tiaots oocapied | by
thes tree within comparntivel v recont tmes, hot which now shiow
ne evidenceol s return to forest eover,  =ach trcls aoe froguent
evirywlers thoughont its moge o these regions,  Generally thoy
front on some broad valley, along whose slopes the snbhomid or
sembarid clinnges nre ndvaneing into the mountnine,

Th Bogeloann spraes and the lodgepoly pine have o oni-
versul tange throughiont the wonntaing in this region.  Both
have develnped forme to meet deier conditione.  Eogelmann
aprace never feaohes it grontest dovelopient excopt in swamipy
loenlitios, wlhiete it grows to bo o Torge, well-formad tree, On dey
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ridges it exists ss o sooall, knotky, branchy. nidersized tres. The
Iodgepole pine follows the saue genernl rmle. The reproduction
of these two spocies is exeollentand they are constantly oconpy-
ing new gronnd 1o the exelusion of the other species.

The forest fires which avage the mountaing show how closely
balaneed are the mojority of the humid species and how slim a
hold they possess on existence ilong the front Bne of the spresd-
ing subhomidity, It n faol patent to every one who stodies
the after-effoot of a4 forest fire in this region that the inerensed
svapotntion from the denuded surluees cnoses ioteise soil gridity.
This eondition # ol alike in all plucés.  Some loealities, by
rimzoil of loonl tWpogiaphy or expostre, sulfer more severely
than athers.  Theto are thus on sooth=faoing  hillsides, near the
inrzar valleys, ramerous placeswhere centnres ngo thiesubalpine
forest wus destroved by fire, nod sl condations =et in to the
extent of absolutely preventing reforsstation to this duy; but
in the majority of cises tho firsl hurhing of the fiorst destoys
only the more tendur species and vors the geowth ol those
which possess greater power of adaptalility.  This in the himid
nreas means i preponderanes of the ladgepole ping, heesude of
its wide liit ol tolernnes to different climndie oondilions,  Fires
i the huwiid growths hardly over deatrov the forest completely
over any vury lnrge arca.  Smonll patches are left antouched,
though surronnded by wide lones of borged forest,  The growth
of lodgepoio pine which comes 1n after the Gres, becanss botber
ftted than any other specios to ondare =oll ardity, follows the
denuided areas and often covers them with donse stands. I so
doing it cuts off these slives of unburned foredt from all ehinnes
of ragnining thelr former connectinn with the muln body of their
awn type of growth, and gives rise to conilitions whijel nre sote-
whet anplogons to thoss fn the semi-arid belte, where deforete]
AT, 5u}1thrtilm tvpes of vegetntion pectlinr to arid reglons,
AL P the outlving grovis ol forost

It i= not wlone i the region of the Colambia river watiersfied
thut the inermsing olimatic aridity 15 modifyimg or disturbiog
the forest ty pos and thor ancient balonee.  The same phenommens
arg ropeated in Californingwml awre donbtles gonem! throoghout
the Roclky mountains and the areas collectively termed * The
Pacific Const.” A cotsplotous example oconms in southern Cali-
formin, in thie behsvior of the big cone fir, Peddodsign wrmammpn,
anid the redwood, Sequain semipervizens, The big cone Bir is 6
commaon species on the slopes of the meuntain roges in aouth-
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orn Californin.  On the west slopes of the San Bernandino
aiid Ban Jueinto rnnges it8 main body of growth is aliove the
4000-fet vontour line.  Below this the tres thins out rapidly,
and ot slevations of 3000 feet proctically vosses. In the San
Gabriel mountains it begins to grow at elovatione of 1000 Jeat
above sou-lovel 5 at 00 feet it Torms Yery numerons groves
in the middt of the chiaparml.  Now, thers wre the clenrest eyi-
et that not yery fur hack in e o nearly uniform forest of
this apecies coverdd many of the slopes of the San Gabriel moun-
taine between the 2000 fest amd 3000 fest contour levels, The
numerons siogle traes and old stumps bn the ehapareil see the
remnints of this growth.  Morcover, whih the big cone Or =
burued outon the slopes below the 4000-faet lovel, neither it
pisk iy other wpecies of oonifers ceforest thedenuded nreps, shuow-
inz that conditions exisf which wre inimical to forest growth.
In the San Bernnpdine aod San Jacinto ranges the lower sdge of
tha big cone fir forest i toleralily compact and well defined.  The
outlving patche on the slope=s Uil ong seas o reguently thyes
San Gabriol are lueking,  The exten=ions fom the mnin bode of
arowth mre wloig the stednins nid gorges where abundant mioist-
ure exipte.  The Sun Bernncdine and San Jaciobo mounisins wre
further oo the orean than the Ban Guabitdel © lienee for same
elevations they di not recelve 20 heavy s precipitation, aml have
I eniissquende o higher Hmit for the lower sidge of the mage of
the big cone fir;  The San Gabriel mountains, bosg nearer Lha
oeenn, reonivy o greater. precipitation ;o hence have an alterior
limit for the inferior edoe of the big eone fir at a considembily
lower olevation than the other two rimges s bot the bk of re
forestatinn o arens whess the growih s destroyed wod the maoy
detohed patehes bidow the main by of growth prove thst
bl species is retreating toward fegion= ol greater humlity. Az
the prrocess s aided and scoclornted by fovest fres of modern
dnte, nnother generation will not pass before the lower limit lor
the growth of the tees in the Sao Gabriel oouotaios will heat
¢puite w8 high altitude as itis in the =an Beraardine and San
Juinto eanged,  Inocomparison with the allisd northern Prous
distwicages. mmveronnda, or red fir, the species i= more dofinite in cone
moil seed  prodoction,

The redwond is 0 troe of extreme susoeptibility (o tempemture
ared hiomidity eonditions, wml appirently possesses s very low
num:-l'wl..ulumlulln 1t ranges along the Califormin eoast from Laos
Angeles gounty to the northern boundary of the state and neross
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to Orsgon. AL BW extreme soothern end i s represented by
wsmall seattered grouge of trees—ic fow hundred individuals only
nre reported—and o Jong gop intervenes bofore its Wpgwen face
fuwrther vorth.  The heaviest stands of the spocies are Townd in
Mundocino and Humbolidt counties, in Cplifornin 1o thins out
towan] the Oregin Hing and finally disapponrs o few miles narth
of the boundary.  The northwand extenson of the spovivs is
evitlontly limited by a wean ansunl tempemture lower than its
ulthmate point of endarinee.  Southern extsisione ate THTES
Eilile, owing town insuffiviency of rinfall i that section of Cal-
Hurnin, bl it aprend fntd the inteddor, away from’ the preesimity
of the veean, is precludod by adverse conilitibng of bl temprer-
otiare wid homidigy. The reprodustion of the species is said to
v very Jow,  Cut-over areas show no ovidenees of reforsstition
witly the game spevivs.  Thns hoomed in by inbmieal elimatie
conditions mnd unalde to maintuin it stamis, its extinetion sesms
assired (b Ho Very remote period,

NITM AT

The salient points bronght ont by stady of the furest sondi-
tions in these regions, so furas they relate to the effeots of elimatie
aridity, can bo glated congisely as folliws;

The mrul, nin-fires el plaing reglons of easterny Oregon vielid
et fesd rempadie ol arlwirescint veedlation identioal or e rly so
with existing specids on sl jucent peess, proviing the pirvsniee of
forvst growth on these tinberless lande at o cory emgie poriod.

The firests on the semi-nrid teacts, aliloush consisting of
spocies capubile of enduariog dey dlinmtic ehmilitions, show every-
whoee o perastientwnd grudanl dwindling in extent abid donsity,
Their stuids, consisting musthy of ol tress, show: o conspicuois
daficioncy n sewd production, an enormons peroantage of the
oviales nhorting, and o notable searcity of sesdlings.  When,
from any cnuse, n tract of the old stamds s deforested, reforests-
tini does not ooour, as o rele; this resulis m the formation
of detached groves and Individunls whose repreodiictive [rrweTs
besome even more 1Tmited pnd wealened andd e extinetion of
whioh i= merely 4 matter dopendine on the nazee Tt of {he in-
dividunl troes.

In the subhumid forest there Is o slow and apparently inel-
fectunl aduptative evolution of smnller Torme of the sarions
gpecies to roplico the larger ones, which reguire more moisture
for their growth.  There is also o conspionons shortago of cone
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anid soed production in the group of trees which forn the bpper
sulhumid types, wind o puashing of the Jowor sublivmid types
which grow o deier atvosphorie wnd =6il conditions into the
areas of Lhe upper by pos, and frequentdy s complete nnd permn=
nent replweement of the nppor subhomid (ypes with these be-
longing to the lower gronps when such apper types Liave: been
destroved by fire or other menns

T the homid forest are founid thie same phonomsin s noted
for the sulihunsiil trects, with wress in thie upper Bumid balis,
where certain species oceupy tiaots sepaended by Jong distances
Asoietimes n htindred miles or morel from the next uppenrance
of the spedcles plaowhere.  These intervals, whivh brealk the con-
tinulty of the moge of such specied, are hold to mdicste mote
biamid conditions in the part favoring extensions goross these
gaps. which are now precluded and cot off by adverse climntio
ahoanges i the dhireetion of aridiky.

— I

PROFESSOR O, C. MARSH

Othugiel Chorles Mursh, LILD, PRV, Professar of Paleontalogy
i Yale Umyersity, Vortobeate Poleontologisl of the U= Goalog-
ieal Survey,and a memwbor of the National Geogmphic Seciety,
disl in New Haven, Connectiout, March 1%, 184, His death
reffaves an sninent contributer to Amerioan seiotion.

ity in Lockpirt, New York, October 29, 1551, Marsh grow up
an nthlete shd sportsman, rather Dinn stident, wntil his obsorvi-
tinns on natire dlrected his pbtention o the natural seienees,
In 1852 L went to the Phillips-Exetor aondemy at Andover,
whence i graduntod as the valedictorinn of his elas, Lo 1850
ho mdtricdlnted at Yale, gradoating with honors {0 18HL  Sub-
soqiently he retained aloost constaol conoeetion with his sl
munter, toowhoss prestige e eontebated mueh, thee longest intoks
ruption oceurring in the early sixties when he was engawed In
special work in Enropean nniversities.  In 1868 he was made
Professar of Paleontology. o pesition: retained nntil his death,
e nephew and Lieir of George Peabody, e wns the possewor
of mens enalding him to exersise his strong individuality freely
i thie proseetition of seientific resenrches, 1T hest-known work
was that of explorerin the westert ternitories aml eollectur of
vertebmte fossile, by which the museum of Yale and .5, No-
tiond]l Muosstin were duridhed ;) vol his mest endaring monument
takes the form of originel contributions to vertobmte poleons
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tology, His rosonrclies were condacted with remarkable vigor,
potabile notmien, and exosptionall vy elenr rocognition of the prei-
ciples of biology,  To the geneml surveyor of the fiold of organie
life, post and present; severnt of Professor Marsh's contributions:
seen to be of the first magnitode : The modern method of seek-
ing aud quarrying for complate skelotons ta bho ttsml as mnaterial
for stdy, in lien of resting content with fragnisnts, was largely
doe to his bhrowd siews aod pertinacious indastey, and his lil-
ernl expenditore of private seans: partly by mson of this
methd, he was abile tio elassily extinet forms, aid tees thole
relations to Jiving organisms in o superior monter; while his
b prieed metlisds in fGeld anid labiratory enabled him to give
nopreoodented vitality and Heing mterest Lo the animaols of sges
past s the life history of the b primeval.  Among’ his
specinl contribations, the tracing of the phvlogeny of the horse
attractiml world-wide mtention, while his development of the
prineiple of cophalization is of exeesding servioo to hinloglets
and anthropologists, as will as to specialists i bis own domain,
During the st degsde ba tured atteation to geolapey, snd his
resegrches in the Atlantie Constal plain have received much
attention nid vieliloml results of permanent vidlue

Profes=ar Marshi’s seleatifio work bronght recoenition ftom
viirious Tnstititions.  Hi hold honorary sonnection with several
Evropuan sondetiies of seionee, and was the roeipient of the O
vier prize of the Tostitnte of Fraoes wod of the Bigeby moda] of
the Gaolpzieal Soviaty of Loamwlon ; hewar President of the Amer-
ican Associntion for the Advapcement of Science in 1878, anl
President of the National ;'l.u'.:uh'ln]f of Seienees for I."i'li'-ilh_"ur.- Y EeATH,
1888- 1845, A hachelor and the Tast of his line, he hoqueathed
practically the whaole of hix ponsiderable property to Yale Uni-
versity, WM

I'HE AREA OF THE PHILIPPINES

In & revent eommunication to the Geographical Society of the
Pactfie, of whieh e s President, Prol Georse Davidson writes
b -EII.I'!I‘"“"H =

In severnd government docamenta the stutement bs made that the weon
of the Philippine islande ks sometling over D00 squane milea.  In the
[itest o just Pecodved I i given se 1HGE20.  This error Ling Gonlaljes
arizen from w hoeried examination of the =panish dscoments. We fal
in the * Ginln Oflvfal de las Lslos Filiplnas, parg 15555 Publfesda jor 1n
Serrotnein del Gobiveno Cienven]; Manlla, 180" U stutotumt thit e
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srehipolapgo comprises an anves of 5000 sqmivre kiloputers, withoeut in-
¢lobing the Jolo (Soluj gromp, 18 then specillos nbout thivty of the prin

sripml bsbindle, and Cheir amens agerregite. 208,485 spnare kilonioters.  Thar,

ol doirse, lonves o muliitude of i sonllor slamds pot specitlend ln the
gwtile, bot covernd by the lirgor aren,  As the oumber of sgoare kilos

tseters gl tiplisd hj; S wil glve the mumber of siptate adles, the
arda of the i=livnds spoeitios] amdnnts bo LSS sgmne mmblok, wod tho ares
of all the islands, lepe the Jolo grosp, mmannte o LT ST simarr mibi=
Furthar, the statemiomt s geterally made that the Arolilprelage of e
Philippines containe foomn 1000 too 2000 Elande, and thee ** Guaia Ofleial **
anye the number i more than F0NL - Bor in exemining the ** Derrotoro
del Avehiplelngo Filiphas, Moddeid, =270 < ghut b= the Coust Filor of 1
Philipgines, dovering e than 100 pegvs—we G that the Lalas,
Ll itum, Diletis, Tabvtes, Islitillan, and Farllones therein desoribed amonnt

o SRE O ovnrse, thels doss not inclode reefs, roeks, o il o

I enbunin thor these figares of the areps and of the nomiber of i=lnnds r.m.i
telpeke Dot messrgiasd uniil replieced by governmeil stirvaye

THE RECENT ASCENT OF ITAMBE

b bt Terter relerring to thie ascent of Tlatulet. Lisatetnnt Shiyp-
ton =tabes (thi= maeamme; November, 1508, o 400} that = we piré
suppnsed to have boon the first men sver on the snmnit of this
pesk.”  Tmbe wis ascemded and mepsared by Spix and Mar-
tins in 1818, Theose authors sax of it; “The penk of Hamhé,
the highest one ascendid ancd mensural by ws inall our trvels
through Brazil, lins mn elevation of 5500 Parsian feer® This
wiepEt et was made with somerenrial basometse, and, 5o far
aw 1 kenow, it hins never beary repeated,

Tlye et that Ltoiebeé hos not besn agesided 3200 to its l-|pi"5
int o thitily poputldted, untrmveled cotntey, mther than to mi_i*
panrtieular diffienlty in gotting ap the penk it=ell. 1L dominates
nloiost the éntire dimmiond disteiet of Minog aod i my own
travels through that eegion [ was eonstantly reminded of what
ir Bantos sayve—ithat this peak served the old gold sl Hemond
hunters instead of a compass, for they never got lost so long os
it was insight,  “ 11 wa= o gmnite light-house to traveles—ihe
conter of o eirelp, seventy legues in dinmeter, in which they
could revolve without foar of gotting Jost" !

C, raxspn
SMetsafoere], Taniversiiiy.

* Robee lu Bposdlbou son De 0, W ovob Spie el Do dl FF, wom Masois, i), 400, ¥ ia-
ohan. Vs nleo Bpirige mmr Gefurgekinds imsitions vom Wolo ven Eselwege ang,
bheriitn, Lass. _ '

¢ Slermaeriina il Pasirloto Flammuntbain poral, Fooabies Builos, g, 8, e de Jeneine s



MISCELLANEA
Thie tostal foprorts of the Samon sliods goonted ip 18905 to S48 810

wind tha pobid exports b S23,T05  The share of the United Stadee was
bnt $rh 1 i the in_}[mﬂn pne] SR b the ex feirts

The governien b of Tiantd i onpaeed osarplo tax of 206 pir cent on
all importations, m elfedt from March 14, TRR, The proreids nre B !_Hr
npplisd 1o i withdoywal of the pager mooey now b cieaulailon.

The Aostrinn Llssds lave recently sstabilished a dinect serviie biebwien
Trieste sl Calentbi.  Austeii &5 beoaming an Dagortant faetor"in the
rivnlvy of the grimtor Fumopean powers for the morkets of the fur ast,

The Slupdin tunnel, when eomploted, will T 21 0580 yids long. Tt
will comtain only o wingle track, ot a secom] tannmel bs to b comstrmoted
gl el bee ey antoi i listines of 10 pande.  The northern enteanc to U L -
nieel b ot w odle dind o half froo thie stition ab Bricg. at g elovation of
g .23 feet.  The exit oo the [alian siis will be 8850 yards from Lsalla.

To prevent the bxtinetian of gulin-ropliber trdes in the Coago Free Stafe,
the govermwnt has derreed that for every ton of mliber yieldod anmvally
there mnst b planbsl nob less than 150 tress.  Thee low which prohibiis
gitlring rabber exvopt throvugh iovisions o the Dok B8 to be nore strimly
wnforeed, and viotations will bo paniilomd by oa e g to 82000, or by
b prisanment.

An English syrdlonte has begmn the sonsteuetion af additional quaves
wivd magneines at Genow.  Tn 1RO, SARKLOO0 fanes of memiuimll=s phessd
gk the wisrehouses of thip port; and it s paloulated thae with the
cortrepibist o of thio Sfoapbon tonned sl Wi copsss et Beseaieie o
ratlwny commmmication, the nnnnal donnage will rise iy high ns 10,000, (00,
Genon will then be the st woporiant port of the Meditermoean,

T o recent mport by e Departinent oF Stabe, METhinie Moo, T =
Commermind Agentat Weimar, givem some saluable statisthos conmrning
0] pet b nnndsi ool dembihes annid Ehhes Rretriiiomes ool parrpuipRand borts Fab Conrmmis ity The R
Ity Inieceanlng populition hos amssl o corrmpondiog Wonase i the
L rts of F|n1_l.|"|u||||i-|- ame] raw (TE Tl E thin homme '|'l'|'l'-|l'|'|Tr"I.I nol helng
sigillclint L et Bt desmids.  The popaiation of the Germoen Cis
toviniw Dilodn hmw Fison feoon SO i TSUR d0 SES0000 on July 1,
tses, wa doervneg of 3500 00E o7 5 per oend within e years The valie
af Iuports s Doneressed Ly 20005 pie cond, il thnd of exports hy 27 poe
cent. Wikh the ingrwpe of apolation bas als oo & very appirens
pxpomsinn of tho preoduetive enpentity ol el anomfhetnring el rdass,
Thiw s espocinlly weall sliswa by thir steady anlppil ol senin-ngines.  The
(ot horses powerr of thie gtenm-ongines bl in 58S was L0870, while
i 1578 the totel was 0422000 The st afanilesnt Nguees, hioweenr,
arp Uiose of thie tupip faetues of stnl inmry etiglines during 1l last thrie
vears.  [r 18N the total Bomsopower wis -2, G 0000 b VBRI, 2714, 000 ;
In febg o agr o, Secfrulture dbovs vt sl m rarrespionding devebpp.
ment, ns this Thibts ol Gl g Dneg ol e evan’ s oxfonded bt slowly.

=i
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CHESAPEAKE & OHIO RY.

"Hi: BB ¥ LIMITED s ssie il (e ges) tpnims Tialled aver suy gullway brock in Anreries. 11 fune
sril 1 helwern Cinstnmanll and New Vork. e monle from We=hingion st g over tile Lesrninry] o i
yradEin t s ernry modetn SEneeniene® dnsl Sppliamee, and the Hminpoer srrlce libs wn supero il
TITT AT n.um' Fhn poad beel e lidetally lvowesd out of L eternnl rocks ; (0 (0 balinsied will sloue

(tom o end b6 1he cther : the gresier poribion s latd with opedramires]poompil steel ralls sl mithowgh
CHTYER AT HumFTom in the monntiin section the tide s wa ansoid b e over 8 Wesleon prdrie:

Oge ol Lhe ool Sellghifal fides b wf] the rodte {6 thet thifesgh (e Hew Wivel walley., The
ol inn arre Just low eoeag b (0 e Pl wblb vemdiire Lo The ey Lop, swd 1 the eurly spritg Every
rartrly ol green known fa (Be mlixer of colors an hessen, while the ippez in antumn THES On nll the
range fromm bBeown b wenrlel

Mspas Fadls shicmald L Lawijpr bpn thd gl Loy Lhope Epnueier Dl weion LRe Pl ail ke WA ewi

H. W. FULLER, Gen/ Paus .lq_;.!ﬂ!' Washington, 0, €

g'mt TR TTTTRERY Tﬂf_mﬁ

- CALIFORNIA..

OE*’ conrse you expect to go there ths spning.  Let
me whisper something in yvour ear. Be surethat
the return portdon of vour ticket reads via the . .

Northern Pacitic-Shasta Route.

Then vott will see the grandest mountain scenery i
the United States, including Fit. Hood and [lt. Rainier,
e more thes w000 feet high, Mt. 5t. Helens,
M. Adams, and others,  You will dlso be privileged
to make =ide trips into the Kootenai Country, where
such wonderiul new gold discoveries have been made,
atil 1o Yellowstone Park, the wonderlamd nol only of
the Thgdted States, but of the World., Park sensor
bewins June 1st each vear.  Close rmlroad connections
windle in Unton Station, Portland, for Popet Sotind
clties aid the east. vin Northern Pacific.

CHAS. 5. FEE,

Genernl Possanger Agunt, 5¢ Paul Minn
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SOUTHERN RAILWAY

GREATEST SOUTHERN SYSTEM.

Peneteates with (65 main line or hranches aight States
sairth o’ the Ohio and Mississippt Iivers, ol in ¢on=-

Junction with It friendly allled connections renches all
the commmaereinl centers of the South and sonthwest . . .

DOUBLE DAILY VESTIBULED LIMITED TRAINS

« 5« BDETWEEN : &

Washington, Memplils anid Nashyville vin Salisbuory, Asheville, Knox-
ville and Chatihnooga.

Wiashington nnd Tompna vin Columbin, Savannnh and Jeeksonville,
Washington and Memphis vin Atlanta, Birmingham and K. C, M. & 5.

Washington and New Orleans via Atlanta, Montgomery and Molrile.
Norfolk and Chattancoprs vin Salisboary, Asheville and Kunoxville,

Fullman Sleapinge Cars—Dining Cars—Day Conches,
Alditbonnl Tradns or locial ravelers . . . - - - .

The direct line to the ( FLORIDA, (QULF COAST and TEXAS,
Winter Resorts of | .« « « MEXICO and CALIFORNIA,

——AND THE BEET

Throwgh Car Line to and from Asherille and Not Springs—"' The Land of the Sky.'

Write for Map Foldars,

A S THWHATT, Bantery Faassager Agenl, i Hrnadwzry, New YVork X ¥.
. HORTOX, Famenger Ageit o0 H #alliimore Sireet, Beltimore, M0

L. 8 Dieows (deperal Apent, o Pifteenih S0 ¥ W Wanhingion, 1 C
W, Il D]l Tassenger Apent, Noriolk, Vo
£ B HARDWICE, Assizstant General Possenger Ajgeat, Allania, Go
. oA BENSCOTHHR, Amistant General Fassegper Agent, Chattannoga, Tenn
W, Il TAYILOM, Aedwand (iemern]l FPassenger Agent. Louinrille, Ky
J. M. CLULFP, Traffic Manager. W. A TURK, Geasssl Passepges Ajgresii

The Mutual Life Insurance Co.

OF NEW YORK,
RICHARD A. McCURDY, President,

l= the Largest Insurance Company in the World.

The Records of the Insurance Department of the State of New
York SHOW THAT The Mutual Life

Has a Larger Preminm Income - @ - ($39.000,000)

More Insnrance in Force - - - . - (£918,000.000)

A Greater Amount of Assets - - - (3235,000,000)
A Larger Annual Interest Income - . (£9,000,000)

Writes More New Business - . - (£136,000,000)
And Pays More to Policy-holders - (§22,000,000 in 1896)

THAN ANY OTHER COMPANY.

It has paid to Policy-holders since |
its organization, in 1843, (== 3437,005,185.29

¥

HOBERT A. GRANNISE. Vice-President

WALTER B GILLETTE, Oeceral Manager FREDERIC CROMWELL, Treasurer.
ISAAT F. LLOYD, Second Vice-Presldept. EMORY MeCLINTOCK, Actusry

WILLIAM |. EASTON, Secretasry.
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MINNEAP[ILIS
GHICAGO or ST, LouIS

Ripans Tabules eure headache.

The Fastest and Finest Train in the West . . .

pﬂ'é‘.%:'n____ The Overland Limited

\ ol b*’ 'UTAH and mLIFORNH

FROM 18 TO 20 HOURS
SAVED BY USING

“WTHE OVERLAND ROUTE.”

Double Drawing-Room Pullman Sleepers.
Free Reclining Chair Cars.

Pullman Dining Cars.

Buffet Smoking and Library Gars,

Eand for Desr r.llrf & !_-'1 int 4908, E L- LﬂMAI.

Folders and r.'-t.-'u Advertising Mafter Genara! Passenger and Ticket Agent,
iMentioa this publicallos, ) oOMAHA, NEB.
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[HE CHICAGO, MILWAUKEE AND ST. PAUL RAILWAY

L IRARTNS ..

Electric Lighted and Steam Heated Vestibuled Trains between Chicago, Wil
waukee, St. Paul and Minneapolis Jdnily.

Through Parlor Cars on day truine between Chicago, S5t. Paul and Minneapolis.

Electric Lighted snd Steam Heated Vestibuled Trains letween Chicago and
Omaha and Sloux City daily.

Through Sleeplng Cars, Free Reclining Chalr Cars and Couclies hetwoen Chicago
and Kansas City, Mo,

Oaly two hours from Chicago to Milwankee, Seven fost trains each way, «dmiy,
with Patlor Car Service,

Solid trains beiwern Chicago and principu] points in Northern Wisconsin ani
the Peninsula of Michigan.

Thrauph Trains with Piulace q|!ﬂ]rl:l:| Cara, Fres H_EI'_]_l_jjl:jjh_ Chatr Cars an! Conches
bhetween Chicago and poluts in lowa, Minnesota, Southern and Central Dakota.

The flnest Dining Cars in the Warld

The best Sleeping Cars. Electric Reading lamps In Berths.

The lest and latest type of private Compartment Cars, Free Reclining Chalr
Cars, and buffet Library Fﬁq&nklng Cars.

Everything First-class. First-cliss People pitronise Fint-class: Iines.

Ticket Agenls everywhere sell tickets over the Chicago, Milwauker apd 51 Papl Ry

UED. H. HEAFFORD,
General Fassenger Ageat. Chicage, M.

WHENEVER YOU VISIT WASHINGTON

S8R0 eeReeeeREasIRE g

+ MAMMOTR DRY 6000 ESTABLISHMENT + %

o GF :_-.l

:
=
¢ WOODWARD & LOTHROP :

SREectaaaedae @ﬁﬁ%ﬁ
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