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[RRIGATION IN CALIFORNIA.

By Wu Haswoxp Hanl,

Mr. President and Gentlomnen of the Society :

Waesw 1 was wvited to address this soclety T had oo mate-
rinl nt hand on the subject. [ have come to the east with-
oul any noles or memorinda whatever, from which to prepare &
leeture or uddress, no statistical dats which would make a paper
valuable, no notes of characteristio facts to render an address
intervsting, and vo tume to write aovthing to guide me in any
wiy Lo proper treatment of the subjeet,  Some of vour mombers
huve thought thar I have written something worthy of being
read, and henee this invitation to widress you.  But, even if they
are right, people who ean write eannot always talk, so if 1 fail in
this nddress, I shall hope, on the basis of their opinion, that you
will find in the reports 1 have written something worthy of read-
i‘ﬁ_l_—:'. The subject hag boen announeed as the © Problems of Irm-
gation in the United States™ 1 shonld like vary much to speak
hmlﬁl}' on that sul-jugr., but I am unable to do so, for the reasons
I heve given, and ghall have to speak rather of irrigation in Cali-
fornia, trusting that something which 1= said, may, perchancs, be
viluable in relation to the subject ot Inrge. Irrigntion o the
far west, generally, i= attracting o vast deal of attention. ‘This
is particularly the case on the Pacifie Coast—the feld with which
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T wm speeindiv sequainted. 1 appeebend that although many gen-
tlemen present bave 4 fareacking and definite appreciation of
the snhjeot at large, mony others do not appreciate the value and
importanee of irvigation.  In the ard parts of Califoroia (for we
do pot wlmit that Californis 13 as o whole arid) it is a2 vital mat-
ter. There it 1s a question of life, for the prople. Not more
than one-sixth of the tillable aren in the State can sustain a really
dense pogirlation, without irvigation ; two thirds of it will not
sustain even a moderate popmlation, without irngation ; while
onve third will not sustai even a spoarse popilution, without such
artifieial wotering,  Think well over these facts, They are vory
sgnificant. T doubit whether they are generally appreciated in
Californi ieelf,

] iywe no dombl many porsons gre tamibiar with the El?l:lgrll[bllf
of the State. but, donhtless, some are pot, California has & coast
line aof B00 miles dnd o width of from 140 to 200 miles, Tt is
traversiad almost throughout its length by nooreat mountain chain
sxtuniding along toar the eastern boundary, which s enlled the
sierra Nosada, and by o lesser range, more brokien and less unified,
runiing parsllel to the ecosst, called the Const Range, the south-
orie extenston of which, after joining the Sieren Novada, is called
the Sieren Mmdeo, and at the further extrermity, the Ban Jacinto
and San Diego woantains.  Within the interior of the Siate,
looked down apon by the Sierra Nevada on the east, and elossd
in by the Coast Range on the west, is the great interior basin—
the valley of the San Joaquin and Sacramento rivers—Eorming a
plain 450 milos long, with sn aversge width of from 40 to 60
miles, Outwidde of the Sierrn Madre in the southern part of the
stare, and within the Uoust Rangs, s another mterior valley,
nearly 100 miles im length and frome 20 to 90 miles in wiidth, and
ontside of the Cosst Hange, and lving next to the ocean, is a
plain whose length s from a0 to 50 miles, and whdth 15 o 20
miles.  These three areas—the great interior vallev, the southern
interior valley, and the coast plain of the south—are the principal
irrigation regions of the State, Numbers of smaller areas, as
those in Ban Degn county, come i a8 rrigation regions of less
importance, and the seattering valleys along the Coast Range
farther north, as the Salinas, ote., will come forward in the future
as important irrigable districts of the State,  Still further north,
in the mterior, there are the great plains of Lassen and Mono
eounties, and some scattering valleys in Shasta county, where
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irrigation is also practiced or is being introdoced, and these are
on o par with the districts of San Diego county, in the matter of
rank as irrigation regions, East of the Sierrs Nevada, and at
their base, fies the Owen's river country, un ares saitable for
irrigation, where irrigation i3 neccssary and where it is being
introduced., Tipon the great Mojave dedert and the Colorado
desért, thore 18 at present no iroigation.  The water supply is
very scanty.  This I8 an itrigation regaon of the Tutare, bat it is
not reganddd by Californians ns o practicable one at present,

With this general idea of the Stare, we will now lock st the
ramnfall and water supply. The Swte vontaing 157,440 squure
miles of tarritory, of which 17,747 drain into the oeesn north of
the Golden Gate, 21,0805 deain into the ocean south of the Golden
l3ate, 55,948 drain info the interior basins, and 42,088 drain out
at the Golden Gute.  Of this territory which deains out by the
Golden (Gate, 26,187 square miles comprise the Sueramento valley,
JLEN square miles the San Joaguin valley, and 4,004 the country
drenining directly to the bays, mnking the €2,080 given above as
thie whole area,

The wveeessity for irrigation in Culifornia, and the relative
necessity in different parts of the State, are shown by the distri-
bution of rainfall. The San Joaquin valley hne an sverage of
less than 10 inches of rainfall, the Sneramento has an averyge of
hetwesn 10 and 20 inches.  The great deserts of the Mojave and
Colorado have an average of less than 10 inches, and in certain
Incalities gnly ¥ to 6 inches.  The Salinas valley, a small portion
af the const above Loa Angeles, and o portion of the interior
vislley of the south, have also an sverage of less than 10 inches.

S, we may say, that the gréat irrigation regions of Californin
have avernge amounts of rainfall varving from about 6 up to 20,
bt penerally less than 10 inches, This rain is distribated In four
or five months of each vosr, with some slight showers in one or
two months other than these ; the remainder of the yeur boing
absolutely dry, with no rainfall whatever, Hence, you will see
at onee, the necessity for the artificinl application of water in
California. In the older countries of Kurope, where irrigation
has been practiced for centuries, for instance, in Spain, whers
water 8 used more extensively than in Californis, the annual
menn ramfall ranges between 10 and 25 inches.  In the irriga
tion regions of France, the meso rainfall mnges from 10 to 40
inches ; in the irrigation regions of Ttaly, the rainfall is betweean
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20 and 35 inches—for instance, in the valley of the Po, the eladsic
Iandd of irrigation, the snnual precipitation s from 25 to 35 inches,
There are none of these European irfgation regions where the
rainfall is less than 10, and generally it iw over 20 inches, But
you will see that the most of the Californian irrigation regions
have less than 15 inohes, some less than 10, and the greatest rain-
fall of any large irrigable region in Californin is 18 inches, or,
excoptionally, for smaller regions, 25 inches ; while in Europe,
the maxima are from 25 to 40 inches in conntriese where irriga-
tion has long been procticed. It follows, then, that there is no
place in Eorops where it is g0 much needed a8 aver a large part
of Californin.  Another reason why the necessity is felt in our
Pacific Codst State, 5 found in the charneter of our soils ; and
not alone the surface soils, but the buse of thi soil—the deep
suboils. We have soils excopticnally deep ; soils which extend
below the sarface to 50 feet, underlaid by loose sand and open
gravels, so that the rainfall of winter 1s lost in thom, The annoal
rain seldom runs from the surface. [t [ollows that these landa
are generally barren of yegetation without the artificial applica-
tion of water,

Considering now the sonrees of watersupply : we have in the
southiern part of the State many streams which flow only for a
few woeks after rmainfall, and other streams which ran two or
three months after the rainy season,  But theére is not a stream
in wll California south of the Sierra Madre (except the Colorade,
which bas it sources of supply outside of the State) which fows
during the summer with a greater volume than about 70 to 80
entbie feet por seconid—a stroam 15 feet in width, @ feet deep, and
flowing st the rate of 24 to 3 feet per second —alittle stream that,
in the castérn part of the continent, woold be thought msignifi-
cant. The largest stream for six months in the vear, in all south-
ern Culifornia, is the Los Angeles river. The Santa Afia river,
the next lurpest, flows from two sevenths to ooe third gs much ;
the Sun Gabriel, the next largest, has perhaps two thirds or three
fourths as much as the Santa Afia; and so, & strewmm which will
deliver as mueh water as will flow 1o a box 4 feet wide and 14
feet deep, st n moderate speed, during summer months, would be
regarded as a good-sized irrigation feeder in that southern country,
In the greater interior basin or ecentral valley, we find other con-
ditions. Here we have a different class of streams. The great
Sierra Nevada receives snow upon its summits, which does not
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melt till May or June and July. The melting of these snows ia
the source of sapply of the streams ; so that, while in far sonthern
California, with two or three exeaptions, the greater flow of water
in the streams s almost gone by June, in this central region it 1«
the period of the height of irrizstion, and the streams are flowing
ot their maximom. Kem river presents about 2000 to 3000 exhic
fect of water per secomd ; King's over presents io the maximum
flow of the season about twice to three times as much ns Kern
rivier ; the Tuolumne river about as moch as King's.  As we go
farther vorth, the Sacramento river presents more than thres
times as much as the Tuolumne, g0 that i the northern ]r.ia.ﬁ; af
the great vulley, where the rainfall on the valley itself is greatest,
and, consequently, the nvoessity for irrigation is least, the irriga-
tion supply increases ;. and conversely, the greatest area of irriga-
ton in the valley and the griatest necessity for it, is, in peneral,
whern the water aupply 1= lonst.

Abont 100 vears ago irmgation was commeneed in Califorma,
The Homan Catholic priesis, coming from Mexien where Irriga-
tion had long been practioed, introdueed 1t.  They established
missions among the Indians, started enltivation, and by the lubor
of the<e Indinng built the original irvigation works,  The practice
of irrigatiom was extended in Sau Thego county, us far an we are
able 14 trace, to sévern] thoosand sores: in San Bernardino eounty
in the southern imtorior vallos, they thus ooltivated and watered,
perhaps 2000 aeres: and in Los Angeles county there were pos-
sibly 4000 seres irrigated under Mexican rule,  Traces of the old
mission works are found i San [Hego, San Bernardioo and Lox
Angeles counties, and as far north as Monterey connty.

Then came the gold fever, when canals wore dug throughout
the foot-hills of the western slope of the Sierra Nevada, for the
supply of water for the mining of gold ; and these canals have
sinoe, in moany instances, been turned into feeders for irrigation.
Several thowsand miles of irrigntion ditches have thus been oreated
frim old mining dirches.  In 1852, 2 band of Mormons enme from
Salt Loke into the San Bernarding valley - they bought a Mexican
grant rancho there, took possession of some old mission works,
constructed others and started irrigating. . That was probably the
first irrigation coleny, on & lurge seale, composed of otbors than
Mexicans, in California.  In 1850, some Missouri settlers went
into the valley of Kern river, diverted water from that stream,
and commenesd Irrigation upon o small scale.  In 1858, the waters
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of Cache oreek, in the Sacramentn valley, wore taken gut for irri-
gation, In 1859, the waters of King's river were taken out and
atilized for irrigation, These nstances represent in general out-
line the commeneement of irrigation tn the State, Now we huve
in the neighborhood of 750,000 or 200 000 sores actually irrignted
enel venr, and that represcnts what would ordinarily be called an
irpigration area of 1,200,000 aores 3 and there are communded by
the works—reasonably within the reach of existing ecanals—an
arva of about 2500, 000 foros,

In the organization of irmgation enterprises thers i= preat
diversity, Commencing with the simplest form, we bave o ditel
ponslr et ,h]-’ the individoul trrigator for his own nae ; we have
thet suceessively ditohis constructed by associated drrigators
without a definite organization, for the sereiee of their own lnnd
anlly ¢ ditalies eonstructed by regulorly organized sasocintions of
farmers, with elected officors ;| works constructed by farmers who
have ineorpornted nnder the general lnws of the State and issaed
stk certificates of ownership in the properiies, for the servies
af the stoekholders only ¢ works where Tncorporations have been
farmed for the purpose of attnehing water stock to lands that
are to he sold, bringing i the eloment of speeulation ; then works
wlhery the organization has been effected with a view of selling
water-rights ; und finally, organteations that are incorporsted for
the purpose of selling water,  There 18 a great difference between
this f-_t'ilwiirh-.ﬁ uf these methods of organation, and the practiosl
antoome s n great difference in the serviee of water and in the
duty of water furnished by them:  In selling water, messurement
of volume I8 made by modules—the sotnal amooant of water
deliversd is measneed—or it is gold by the nere served, or in pro-
portiona] parts of the total available flow of the season,

The general charndter of the nrigation works of the State varies
very much with the varving conditions imder which it is prac-
ticindl,  Im the San Joaguin valley, King's river, for instance,
comes out of the moanmins nearly on a level with the surface of
the plain, eutting down not more than s few feet helow its hanks ;
atid heneie but fittle labor s required to divert its witers out upon
the lands to be irrigated ; bot farther north, the Tuolumne, as
another example, comes out of the mountsins in n deep cnfion,
and the foot-hills extend far down the plain on ench aside. It is
easily soen, then, that it will require & million or more dollars to
divert from the latter strenm the amount of water diverted from
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Ring's river by the expenditure of a few months' work, by a
small foree of the farmers themselves. On King's river, individoal
and simple codperative effort is suffivient to bring water snough
upon the plains to ierigate thonsands of acres, while in the ease
of the Tuolumpe river it is absolutely necesanry to have associated
capital in large amount—an entirely different principle of organi-
gation from that which was origiilly applied on King's river and
the Kern and other sivers in the southern part of the great contral
valley. In disoussions on the subject of irrigation some people
have sdvanoed the jdea that the works should be undertaken by
the farmers, and that capital shoold have nothing to do with
them. That may do very well where the physical conditions will
admit of such a course, and wheve nothing but the Tarmers' own
sorvice depenils npon it ; but the great majority of the streams of
California nre of such a character that the work of the farmers
can avail nothing, There must be strong associations amd large
chpitnl.  For this purpose special laws are required. On the
Sunta Afg, in San Bernurdino county, water has been easily
diverted, and such i the case with every stream in the interior
valley of San Bernardino and Los Angeles counties,

Uapital for the first works was not required. The water was
procured by primitive methods and the works were simple.  But
in San Diego, an entirely different condition of affairs prevailed.
There the waters are hack in the mountaing, twenty or twenty-
five miles from the eouat, and the irrigable lands are close along
the coust, or within ren or twelve miles of it. To hring the
water out of these mountoins reguires the construction of ditehes
following the mountain sides for 20 to 35 miles. But simple
ditelies do not answer, becsuse of the great quantity of wator
lost from them. So the companies have resorted (o Huming,
wnid even to lining the ditehes with eement. Thas in Ran
Diego, individual effort s out of the question. Farther north
again, in the great interior valley, Kiug's river s n strenm where
eovperative and individual effort have been efficient, wlthough it
requites & greater gamount of capital there than in the southern
interior valley. In the southern interiar valley, perhaps, 00,000
wonld often build » diteh and divert all the water that the supply
wonld furnish, On King's river the work: have cost from 15,000
Lo $30,000 each ; on Kern river the works have cost from 15,000
to: $250,000 esch ; and on the Tuolumne they will eost from
£1,000,000 to 81,200,000 apiece,  On Meréwd river, the cost has
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been $500,000 for ome work. Taking the streams from San
Joaquin river north, that come ont, of the Sierra Nevada, up to the
northery end of the valley where the Sacramento river enters it,
every important stream vomes into the valley within a deep gorge.
The beds of several of the northern stvenms ore o filled up with
mining debris that diversion from them would be comparatively
oasy, but in their natural state there is not an mpertant stresm
north of the San Joagquin which could be utilized for irrigation
by any other means than through the ageney of capital in large
amotnt. On the west gide of this grest walley the tillable strip
1% comparatively narrow, It is oo the Jee side of the coast range
of monntaing.  Provipitation is made first on the seawnrd face of
the Const Range, and then erosses the valley, dropping opon the
infand faew of the outer mpge very little more than npon the
valley itself, where the precipitation s only abhoat 10 inches. So
that we hove no streams coming ont of the Usast Range into the
sonthern part of the interior valley specially noteworthy as irrign-
tion fewders.  But as we go northward the Const Range becomes
wider, and the bip mountpin hasin containing Clear Lake fur-
nighes o large supply of water to Cache Creck, probably enough
for 10,000 neres. Stony Creek flows between two ridges of the
Const ]tn_r_l_l_::'l_:-_. and out on to the p!.:ﬁus, fl:lt'l:liﬁhﬁlg abont the swme
nmount of water : but still there are no streams Trom the Coast
Range into the valley that are comparshle with those of the
Siermn Neovada,  Tn the northisstern cormer of the Swate, on the
areal plains of Modos, we have the Pitt river, o stréam of very
capsilerable volumea, but its waters are in comparstively deep
channels, not yeey well adapted o diversion, and the conscgquencs
g, thuy have boen utilized to a very #mall extonty only on small
hottom-land farms.  The whole stream ean be ntilized, however,
and the counrry s thirsting for water,

The practice of jrrigation in California is a8 diverse as it could
well he,  (Californin, s vou know, eovers & vary lavoe range m
Eatttuede, ut o greater range in the matter of elimate and adapta-
hility 14 the cultivation of erops  In the southern portion of the
Suaty, the orange and the banaps nod many other semi-tropical
fraits flonrisb  [n some [ocalities along the Tout-hills of the Sierea
Noevuwda, also, those fruits fourish, particalarly the ornnge and the
lemuon. 1o the valley of San Joaguin, wheat s grown by irriga.
tivn, amd o some places peefitably, and in Rern county qgoite
profitubly (wore it not for high transportation charges), because
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the cost of distributing and applving water Las been redoced to a
minimum, There the lands have been laid ont with as mueh care
and precision as the architeet would lay out the stones in & build-
ing and the mason would place them,  Irnigation is conducted in
some Kern river distriets with the greatest case, scareely reguir-
ing the use of the shovel, The lands are so laid off with the
check lovels that by simply opening gates in the proper -I:ll"'l'.:Il-'I'" AN
thi I:rﬁg'uli.un ﬁll|u~r']nlurtt|1u!lln koo how, the waters flow ont and
over the sucecssive plats or Ycheeks™ o their order, without
leaving any standing water, and finally fowing off without mate--
rial waste.  This is the perfection of irrigation by the brogd or
submerging syatem,~a method wherein the slope of the pround
1% first asoertained, platted by contours, and the checks to hold
the water, constructed with scrapers; are then run ont on slight
gmuiw PO Lo TR B0 pl:l"fi:rﬂ:r leviel, but on Viry H'r.'lutlt* 'I.Il]-'!ll:'h.

There s no porthon of the far sonthern part of the State where
the eheck mothod is applied as itis in Kem county, The practice
in San Besmarding is to irrigate ontirely by running water in rills
hetwean the rows of plants,  Crrange trees planted 44 to 30 fest
apart are wwrigated by rills i plongh furrows; & to 8 between
rows, down the slope of the orehned, which slope varies from
about 1 foot o a bundred to 4 or 5 1noa hundeed, Tn Los Angeles
connty they make buuks alout & foot high around sach individual
tree, forming basing 5 ur 6 to 10 o 12 feet in diameter according
to the size of the tree.  Into these the water is conducted by a
diteh, and the basin béing filled, the water is allowed 10 remain
and souk away. The low, nearly fut valley Tands, when irrigated,
are generally divided into square * checks” without respoct to
the slope of the grownd, and the surface s simply flopded in water
statiling 6 inches to a foot in depth,

In the northern part of the State, in Placer and Yoha counties,
clover is grown on hills having side slopits of 10 te 15 feet in 2
hundred, and irvigated in plough furrows eut aronnd on contonrs
—which furrows ore about & o 10 feet apart huﬂ;gn:,ﬂ]l}'—_ﬁnﬂ
the water s allowed e soak inte the grounid from each such
Furrow,

These are the five principal methods of applying water : by
the chiek ayslom § *IJ' rills ; |;rf the basin method ; |;|.F' the basin
method as applied to low valleys ; and by contour ditches on
hill sides.  The method seleeted for any particular loeality
18 dietermined not alope by the erop to be cultivated, but alse
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by the slope of the fand and the charaeter of the eoil, For
instance, on lands where oranges are cultivated, in the southern
part of the State, where rills’ are most generally used, water
cannot be applied by the floading system, for the renson that
rrriscation would be followed by eracking of the soil, so that
the trees would be killed, 1§ o necessary oo such land 1o
caltivate immedintely aftor brigation; and the method of applien.
tisn is grovertied more by thie soil than by the character of the
T,

We find in Californin very markel and impnrl.,ﬁn;l'. effeots fal-
lowing irrneation. For instance, taling the great plaing of Frismn,
in the Ban Joaguin valley : when frvigation commeneod thero
twenty voars mao, it wis 70t 80 feot down to soil water—also.
tely dry woil for nearly 80 foet—and it was the rale throughoot
the gront ploin, 20 miles i wilth sl 25 miles in length, that
soil water was bovond the reach of the swetion pyvmp; now, in
plaves, water stands on the surfase, rushes grise, mosguitos breed,
malarial fevers abound, and the people are eeying for deainage;
and lands, whose owners patid from Bve to twenty dollars per aere
for the night to receive witer, now teil drainage, and irrigation
= considered snnecessary.  The amount of water taken from
King's river which was, o fow veaps ago, reganded as pot more
than suffiowent for ome tenth of the land immediately eommanded
winl that seemed to require it, is now applied to a foarth of the
wliole wres 5 so that of jreigation keeps on, the tie will eone
when the whole conntry will reguive drainimg.

In uw distriot, where water is apphied by the broad method, 1
saw in 187 enough water, by actoal measuremont of fow, put on
20 neres of lnnd to cover it 18 feet deep, i one season, vould
it all have been retained Lyt .. It Isimlﬂlr' antideed Ioto the
ground, ar fowed out under the grear plain.  Taking oross sec-
tions of this country, north and south and east and west, | found
that where the depth (o soll water had, befeore irrigation, heen
ahout =0 tect, it was then 20, 30, 40 or 80 wud more feet diown 1o
it. The aoil water stood wmler the plain o the form of & moun.
tain, the slope rinbing down 40 w50 feet in o few miles an the
west and north. On the fouth and southwest the surface of this
water-mountuin wos much more steep,  In the Kern river country,
we have n somewhut similay phenomenon,  Irrgation, i the
upper portion of the Kern delta, affects the water in the wells a
ar 8 miles away. As [ remember the effect is felt at the rate of
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about a mile u day, that is to say, when water §s psed in Irrigs-
ting: the upper portion of the delta, or of Kern island, as it iz
called, the wells commence to rse n mile away in twenty-fear
hours, and five miler away in perhaps five days.

In the southern portion of the State, in S8an Bernardine county,
at Riverside, we find no snch effect at all. Thore it was 70 to 00
foet to soil water before brrigation and it is; as & goneral rule,
10 to 80 feer sS4l Water applied on the surface i some places
has never even wet the sotl all the way down, and wells dug there,
after irrigation Lad been practiced for years, have plereed drey
groond for 45 or 30 feet before petting down to where sol waters
hnve wottidd o from below, The ciyismgUences of these thn-ﬁm—
enn are twofold.  Tn the first place, in the country that fills np
with water, the duty of water—the quantity of land which a
given amount of water will irngate—has inoreased.  Starting
with a duty of not more thian 95 acred oo eubie foot of water
per aecond, we now find that, o some loealities, this amoant
irrigates Trom 100 o 160 acves ; aond that some lands no longer
require irrigating,  In the southern portion of the State, how-
ever, the cubic foot of water irrigates no more than at firse,
and it is scarcely possible that i will ever irdgate much more,
The saving, s irrigation goes on i the far southern portion of
the State, will be ¢ffected chisfly through the betteér constrie-
tion of canaly and irrigation works of delivery and distribution
In Tulare valley, the duty of water will increase as the ground
fills g,

In Fresno, a eounty which wos regarded as phenomenslly
healthy, malerial fevers now are found, while in San Boernar-
dine, 4t Riverside, such a thing is rarely known, Coming to
Bakersfield, n region which before ireigation commenced was
fumed for its malarinl fevers—known as unhealthful throughout
all the State—where soil water was originally within 15 feet of the
surface, irrigation has almost entirely rid it of e mularial efeets,
Chilis and fever are rare now, where before irrigation they were
prevalent.  What is the reason that where ehills and fever pre.
vailed, irrigation has made o healthful sountry, while where chills
and fevers wem not known, irrigativn has made it unhealthful
[ account for it in this way : in the Kern river vountry before
rrigation was extensively introduced, there were many old
abandoned rivir channels and sloughs, overgrown with swamp
vegetation and sverhung by dense masses of rank-growing foliage.
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Ailjacent lands were in g more or less swampy endition § ground
witers atood within 10 or 20 feet of the surface, and there was no
hard-pan ur impermeable stratum between such surfaco and these
waters. In other words, general swampy conditions prevailed,
and malarial iofluences followed by chille and fevers were the
result. Irrigation brouglt about the clearing out of many of
these old channel woays, and their wse as irmgating cannls, The
lands wore cleared off and oultivated, Tresh water was introduced
through these channels from the main river throughont the hot
manthy, and the swamp-like condition of the coumtry was ehanged
to one of a well-tilled agricaltural neghborhood with streams of
frenh water fowing through it ; and the resalt, a0 T hoave ssid,
wid one happy in its effect of making the climate sinbrious snd
healthial.

Considering now the case of the King's river or the Fresno
country, the lands there were a rich alluvial depost, abounding
in vegetable matter which for long ages pechaps ling been, excopt
as wobttid by the rains of winter, dry and desgeated,  Soil water
was deep below thy surface.  Then drrigation eame.  Owing to
the nature of the sail, the whole country filled up with the wator
Its nbsorptive quoalities being great snd its natoral Jroinege
defective, the vegetable matter in the soil, subjeetsd to mops
or less continned excossive mobsture, has decayed. The fluctu-
ation of the surfuee of the ground waters at diffarent seasons
of the yvear—snrh surface being at times very near o the ground
surface, and st other times & or 8 feet lower—has contribated to
the decaying influences which the presenoe of the waters engen-
dered.  The resolt has been, when taken with the goneral over-
growth of the country with vegetation dae to irrigition, a vitia-
tion of the atmasphere by malarious outpourings from the sol,
The advantage of the pure atmosphere of n wide and dry plain
has been lost by the missmatic poisonings arising from an over
wet and ill-drmined neighborbood, with the resalts, ns affecting
human healthfulness, of which 1 have alrendy spoken,  The
n'-mr.-dj s of course to drain the country. The exsmple i1 hut a
repetition of experiences had in other countrigs,  The energy and
pluck of Catiforniany will soon corrdet the matter.

George P. Marsh, in his ¥ Man snd Nature” laid it down as i
rulie that an effect of irfigation was to eoncentrate land holdings
in 4 few hands, and he wrote an artiole, which wis published in
one of our Agricaltural Department reports, in which he rather
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deprecates the introduction of irrigation into the United States,
or says that on this account it should be surronnded hy great
safegunrds, He cited instances in Europe, an in the valley of the
Po, where the tendeney of irrigation had been to wipe out small
land holdings, and bring the lands into the hands of a few of the
nobility.  He vited but one country where the reverse had beey
the rule, which was in the south and east of Spain, and pointed
out the reason, as be conceived 1t that in south and south.
eastern Spain the ownership of the water went with the land
and was inseparable from it, under aneient Moorish rights. Tt is
a fact, that where the ownership of water goes with the land, it
prevents centering of land ownership into few hands, aftor that
ownership s onee divided among many persons, i irrigated
regions,  But Mr. Marsh overlooked one thing in predicting harm
in our country ; that is, that it will be many vears hefore we will
et such a surplus of poor as to bring about the result he fesred.
In California, the effect of irrigation has not been to eenter the
land in the bands of a few. On the contrary, the tendenov has
been just the other wayv. When irrigation was introduced it
became possible for small land holders to live,  In Fresno eounty,
there are many people making a living for a family, vnch on 20
weres of arrigated land, and the eountry s divided into 20 and
t0-more tracts aml owned in that way, [In San Bernardino the
same state of things prevaile,  Before irmigation, these lands were
owned in large traets, and it was not an uncommaon thing for ane
owner to have 10,000 o 20,000 aeres of land, So that the rule
in California, which is the effect of irrigation, is to divide land
holdings into small tencts, and in this respect, also, irrigntion is a
blessing to the country. It enables large owners to eut up their
lanids and sell out to the many, Land values have sdvanced from
£1.25 in this great valley to 850, 8150 und even 3250 per nere,
simply by attaching to the land the right to take or use water,
paying in wddition an somual rental : in the southern portion of
the State, they have advanced from & and #10 1o £500 and even
#1000 an acre, where the land has the right to water ; and many
caleulations have been made and exumples cited by intelligent and
prominent people, to show that good orange land or good raisin-
grape land with sufficient water supply is well worth §1000 an
acre. Water rights run up proportionately in value. A little
stream Howing an ineh of water—an amount that will flow through
an inoh square opening under four inches of pressure—in the
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southern part of the State, 15 held at values ranging from #8500 10
g000, Suech a lictle strenm has changed hands st #5000, and not
at boom prices either, 1In the interior prices are mueh less, being
from about a quarter to 8 tenth of those in the far soathern part
of the Siate,

Fully one fourth of the United States requires irrigation,
When 1 sry that, | mean that fully one fourth the tillable area
of our country requires irrgation, in order to support such o
population as, for imstance, Indiana has.  The ragated regions
of Ituly sapport populstions of from 250 to 300 people to the
sgquare mile ; of sonth France, from 150 to 250 people to the square
wile 3 of konthesst Spain, from 200 to 300, When we have 50 to
1O ter the square mile in an agriealboral region we think we have
a great poplaton,

The great interior valley of Californin will not support, with-
out jrrigation, an aversge of more than 16 to 20 people: per
square mile;  Irrigate it and it will support a= many as any other
portion of the ecountry—rensonnbly it will sapport 200 to the
squary mile. T have no doubt that the population will run up to
ten wr twelve millions in that one valley, aml there are regions
aver this country from the Mississippi to the Pacifie, millions of
acres, that ean be made 1o support a tesming popalation by the
artiicial applieation of water. And why has it pot been done
hefore?  Simply for the reason that there is o Taek of knowledge
of what ean be done and o lnck of organization snd eapital to
carry ant the enterprises,

The government has recently plaged at the disposal of the
United States Geologieal Survey an appropriation for the fuves-
tigation of this subject, to ascertain how irrigation can be seenred,
the cust of irfeation works, and point out the meaus for drrie-
tiorn, in the arid roglons, It is oue of the wisest things Congross
evor el ; wike in the time and in the subjeer. The time will
aton vome when the question would have Been foreal apon the
vonntry, and the wisdom of prepaving {or that time eannot be
tou highly commendud.
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ROUND ABOUT ASHEVILLE

Hy Bartey Wiraig,

A wRoan amphitheatrs lies in the heart of the North Carolina
mountaing which form s eneircling walls; s Jength is forty
wiles from north o south and its width ten to twenty milee,
At its southern gate the French Broad river onters 3 through
the northiern gate the same river fows out, avgmented by the
many strepms of (s extensive watershed.

From these water-poarses the even arenn onee arose with
gentle slope to the surronmidme helghtsr and that sarface, did i
now, exist, would make this region a very ganden, marked by its
geninl elimate and  adegnate  rmnfall,  Buar that level floor
exists no longer; in it the rivers first sunk their channels, their
tributaries followed, the gullies by which the waters yatherad
devpenod, mnd the old plain was thos disseetml. 1t e now anly
vigsihle from those points of view from which remnans of jts
surfaco fall wmto o common plane of vision,  This s the oase
whetever the obsetior stanids wpon the level of the old AT I
he may then sweep with 3 glanee the peofile of o geagraphic
condition which has long sinee passod away.

Asheville is bailt upon 4 bit of this plaan botween the ravines
of the French Broad nnd Swantanoa rivers, now flowing 350
foor bolow the fovel, and at the foot of the Besu-entolior |1 EE
toward which the ground rises mntly,  The position is & com-
manding one, not only for the far repching view, but also as the
meting plies of lnes of teavel from north, soith, east, and west.
Thys Asbieville became o town of loeal importanee long before
railrosds were projoetinl nlang the lings of the ol tarnpikes,
The village was the conter of western North Carollan, ns well of
the county of Bunvombe, and was thiereform appropristely the
bome of the distriet Feders] coart. A Moy session of the eourt
was i progress nine years ago when I rode up the maddy streon
from the Swannanoa valley, Severnl well-known moonshiness
were an trial, and the town street was erowded with their sym-
pathizers, lean mountaiveers i bine and butternut hilmgg!.f;u_n__,
Horses were hitched at every available rack and fence, and horse
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trading was aotive.  Whiskey was on trinl at other bars than
that of the court, and the long rifte, powdér-horn and pouch had
not heen Ieft in the mountaing, To a *tenderfoot™ (who had
the day befors been mistaken for o rahbit or a revenue officer!)
the attentions of the erowd wern not Teassuring.

The general opinion was, 1 felt, akin to that long ufterwarid
expressed by Grroundhog Cayee: Tt wir an awful thing ter Kill a
man by secident;™ and 1 staid but a very short time in Asheville,

Riding away townrd the sunget, | traversed the old plain
without sesimee that it had had a continuous surfnce. I noted
the many gullies, and T lost in the mulatude of details the wide
level from which thoy were carved. That the broader fact should
bie ohsenred by the many lesser ones is no rare experience, sl
perhaps thore s no class of ebservations of which this bas been
more generally true than of those involved in landscape stody,
But when onee the Asheville plaoin has heen recognized, it can
pever again be igoored. It enters juto every view, both as an
element of besuty and a8 evidence of chunge in the conditions
which determine topographic forms:.  Seldom in the mountains
enn ome got that distanee of wooded level, rarely is the fore-
gromnd so like a gem proportioned to its setting; all about Ashe-
ville one mests with glimpses of river and valley, snuken in
reach bovond reach of woodland which streteh awny to the hlue
miountains.  The even ridgea form patural romdsites, and n
drivimg one comes ever and anon upon 8 fresh view down upon
the stream {ar noriss the plain and up to the heighta,  And to
the student of Appalachian history, the disseeted plain s o sig-
nificant contradiction of the tme honored phrase, “the everlast-
ing hills,”  ‘That plain was a faet, the result of definite conditions
of erosion ; it oxists no more 10 consequence ol changes. W hat
wers the original conditioms®  In what mamner  have they
changed ¥ Let ns take seconmt of certsin other faots before
suggesting an answer,  Of the mountains which wall thie Ashe
ville amphitheatre, the Blue Bidge on the east and the Unaka
chain on the west are the two npartant mnges,  The Blue
Ridee forms the divide between the tributarvies of the Atantie
and those of the Golf of Mexion, and the streams which flow
westwand from it all pass through the Unaka chain. Tt wonld
he remsonable to suppose that the rivers rose in the higher and
flowedl through the lower of the two ranges, but they do not.
The Blue Ridge is an irregular, inconspicucus elevation but Tittle
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over 4000 feet above the sead the Unaka mountains form s mas.
sive chain from 3000 to G500 feet o height, That stresms
should thus fow through meountains higher than their source
WS Ofiee u]-lainml 1::.!: L e Mnllmljthﬂu that t]u-].' found [CLERTLE
ﬂll:'*llllgh re s ||n1ilu-.1.1~+| 'h:r varth oowvulsions ; bat that Ve
guess marked the carly and meuffivient appreciation of the power
of strenms as channel cuttors, and it has passed disoredited into
the history of our Knowledge of valley-formation. That rfivers
carve oul the deepest cafions, as well as the broadest vallevs, is
now a tridsm which we must accopt in framing lvpotheses to
account Tor the eourses of the French Broad and other similar
streams,  Moreover, sinee witers from o Jower Bloe Ridge could
never of their own impulse have fowed over the higher Unaka,
wie are brooght to the goestion, was the Blue Ridge onee the
higher, or have streams working on the westorn slope of the
Uniaka range (when it was & main divade), worn it I.h.rnugh from
west to east, capturing all that broad watershed between the two
mountain ranges ¥ Kither hypothesis 1s within the possibility of
well established over astion, and both suggest the prossibility of
infinite change in monntain forms and niver systems.  Without
attempting here to diseriminate betwien these two hypotheses,
for which a broader foundation of Tacts is needed, let us look at
the chaunel of the French Broad below Asheville, in the river's
conrse through the ronge that is higher than its souree,  Deseend-
ing from the old plam mte the river's myvine, we at once lose 1]l
extendid views and are closely shut in by wooded slopes aend
rovky hluffs. The river folls the more mpiII:I:.r nd wo denciend,
amil ite tribotarios h::l.Il Ly Joim il the railromd senroe ﬁ-llt]ill].;
room between the rocks and the brawling enrrent. The way is
mto o rogged and inhospitable gorge whose walls nse ot last on
either hand mtoe mountains that eulmingte =ome l;hirtj. i lis
batlow Asbeville. At Mountain Island the waters dash beanti-
fully ower a lidge of vonglomerats and rush out Trom u bomgr
surie4 of rapids into the deep water ahove Hot Springes, e v
the himestone gove i which the springs oveur, the villey, thoneh
narvow still = wider amd bottom Lods appear,  Thus tle water
rajp aof the Frooeh Broad throweh the Unoakss = nareow ool
rugeed, the river isell a tossing torrent: bot had we passed down
other streams of similar course, we should have found them even
mwore turbulent, their chanodls even more sharply enrved in the
hard rocks. (O Pigeon rver there are many oliffs of polished

ki
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quartzite, aod on the Nolichueky river a V-shaped gorge some
eight miles long 18 terraced where the ledges of quartzite are
horizontal and s tarreted with fantastic forms where the strata
are verticnl,  Where the viver #H.I.Ir:.'n: are of this sharp eut char-
soter in high mountains, the abrupt slupes, chiffs and rooky pin-
nacles are commonly still more sharply accented in the heights,
The Alpine tourist or the mountaineer of the Sierras would ex-
peet to climb from these cafions to ragged combd or to searcely
apcessible needle-like pepks:.  But how different from the heights
of the Junofraon are the *“ balds™ of the Unpnkas! like the ice-
worn granite domes of New England, the massive balds present
# rounded profile against the sky.  Although composed of the
hardest rock, 1'.|:|.|:r_1|,r yel resemble ih their eontoors, the low relief
of w lnmestone aren. Broad, even surfaces, on which rogky ont-
erops are few amnd over which a deep loam prevails, suggest
rathoer that one s wandering over a plain than on 4 gréat moun-
thin; yet von may sweep the entire horieon and find few higher
peaks, The view is often very beautiful, it s far-resching, not
grund. No crags tower "L‘r“ﬁrd but many domes rise neéarly to
the snme heights, nnd dome-like, ther slopes are steepest towand
the base.  DPhe valleys and the mountains have exchanged the
vharneters they nsually bear ; the former sre dark and forbadding,
wild and inaccessible, the latter are hroad and sanlit of softened
form, habituble and inhabited. All roads and villages are on
the heights, only passing travelers amd those who prey upon
them freqoent the depths,

These facts of form are not lodal they are general @ all the
streanmis of the 'naka mountains share the features of the French
Broad Cafion, while peaks liki Grreat Roan, Biyr Bald, Mt Guvot,
are but examples of 8 masive wountum form common throogh-
ot the ranre.

Thus the Unaka chain presents two peonliar faets for ounr
consideration : it is out through by etreams rising in a lower
range, and its profiles of crosion are eonvex apwand ot down-
warid.

If we follow our river’s eourse bevond the Unnka chiain uteo
the valley of East Tennessee we shall still find the channel deeply
put 3 here and there bottomlands appear, now on une side, now
on " the other, but the banks are more often st slogies or verti-
cal cliffs from fifty to one handred feet high. The crecks and
brooks meander with moderate fall through the undulating sor
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face of the valley, but they all plonge by 8 more or less abrapt
vaseude into the main rivers. It is thas evident that the tribots-
ries cannot keep pace with the avers in channel-cutting, and the
Iatter will continue to sink below the surface of general degrula-
tion until their diminished fall redoces their mte of corrasion
below that of the confluont streams,

If from topographic forms wo turn to consider the materials,
the rocks, of which they are composed, we shall find 1 peneral
rile of redation between relative elevation and rock-hardness
Thus the grent yalley of Enst Tennessee has a general snrface
aned feet helow the mean height of the TTnukas 1 it is an aren of
casily solable, often soft, calearcous rocks, while the mountains,
consist of the most insoluble, the hardest, sifieions rocks, Fast
of the Unakas the surface e again lower, including the irregular
divide, the Blue Ridge ; here also, the feldspathic gneisses and
mivih schists are, relatively speaking, easily soluble, and nio-
coherent.  What is thus broadly teae 18 tene in detail, alse wlien
& more silicious limestone or & sandstone bed ovours in'the valley
it forms a groater or: Jess elevation above the surface of the solt
rocks 3 where p more soluble, less ooherent stratum. crops out in
the monntain mass, a hollow, 8 cove, corresponds 1o it,  Of
valley ridges, Clineh mountain ts the most comspimiaus examyple ;
of mountain hollows the Fresch Broad valley at Hot Spring= or
Tuekaleeshoe Cove beneath the Great ﬁ-ml:rky muountain, Is a fair
Hlustration,

MKt inpassive rock-hordoess nere ullilf‘t}' to restst, s niot
adequate to raise mommtains, nor bs rock-softness an aetive aeen
i the formation of valleys, The passive attitude of the rocks
imphies a foree, that iy resisted, and the very terms in whiel that
attitude 18 expressall suggest the agent which applies the fored,
Hardness, colierence, insolubility,—these are torms sngoestive of
resistance to a foree applied to wenr away, to diszolve, as flowing
witer wears by virtue of the sediment it carcies and as |H.~rr~nh.
luting wuters take the soluble constituent of rocks into solution
And it is by the slow mechunioal amd ebemical action of woater
that not Only cafions are carved but even moontain FalIgen
F!"l]“l.'l‘l.i 1ix F_"l"'l"l EI'.' .H]I"‘]'H"'E,

I we desigrate this process by the word = degradation,” it
follows from the relation of resistanes to elevation in the rogion
unider discussion that we may say: The Appalachians are moun-
tains of differentinl degradation ; that is, heights remain where
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the rovks have heen least energetically acted on, villeys are
earvidd where the netion of water has been most effective,

In arder that the process of degrmdation may go on it s essen-
tinl that & land mass be somewhar raised above the sea, and,
ginee the process is a never-eeasing one while streams have suffi-
gient. fall to earcy gediment, it follows that, given time enough,
OVOrY land surface must be ﬂ.PgTIr]NI: i o sloping pluiil'l-. 1o what
his been called a base level

With these ideas of mountain genesis and waste, let us pon-
sidir some phasen of degradation in relation to topographio
forros : and i daing so T cannot do better than to use the torms
employed by Prof. Win, M. Davis

When o land surface rises from the ocenn the stream systems
which at onee developi, are set the sk of carrying back to the
sen all that stands above it According to the wmount of this
alloted work that streams have sesomplished, they may b said
to he young, mature or aged ; and if, their task once nearly oom-
pleted, another nplift wise more material to be carried off, they
may be said to be reviviad,  These terms apply cqually to the
land-sarfaee, and euch period of development is charaeterized by
pertain topographie forme

In youth simple stream systems sunk in steop willed cafions
are separnted by hrowd areas of sarface e pletely  draned.
In maturity complex stream systems extend branches up 1o every
part of the surface ; steep slopes; sharp diyides, pyramidal peaks
expregs the rapidity with which every portion of the surface 1s
attacked.

In old age the gently tolling srfave is traversed by many
quiet fluwing streams ; the heights are goue, the profiles are
rounded, the contonrs subdued.  In the first emorganee from the
sea Lhis pourses of atteames are detormined by aecidents of slope, it
may be by folding of the rising surface into tronghs and arebes:
During maturity the process of  rerrorressive erasion, by which
o atrem onts back into the watershed of a less powerfal opponent
stream, adjusts the channels to the outerops of seft rocks and
leaves the harder strots as eminences. In old age this process
of differential degradation s complete and only the handest rocks
maintain n slyght rehef.

Suppose that an aged surface of this charaeter be vevived : the
rivers hitherto fluwing quictly in broad plains will find their fall
inoreased in their lower courses ; their chanoels in soft rock will



Round abowt Asheville, 20T

rapidiy become cafions, nnd the revived phase will retreat up
strenm in the ssme manner that the cations of vouth exrended
back into the Brst uplifted mass.  1f the ares of soft meks he
bounded hy & considerabile mnss of very hard rocks, 11 1= con-
ceivable that a second plase of nge, 8 base level, might creep
over the valley while vor the summite of the first old ape re-
mained unattaoked, and should perchanee vevival sneceed revival
the record of the last aplift might be read m sharp ent chinnels
of the great rivers, while the Torms of cach preceding plinse ted
like steps to the still surviving domes of thar earhiest old age.

Is there anght in these speculations to fit pur facts® 1 think
there 15. We have seen that our mooniains and valleys are the
result of diferential degradation, and that this 1s not only broadly
true but teue in detall also,  This is evidence that stresms have
en lomgz at work sdjusting their channels, they have possid
through the perod of maturity,

We have olimbudd 1o the summits of the Unakes and found
them eonnpoded of rocks ae hard as those Trom whieh the pinnacle
of the Matterhorn I8 ¢hiseled @ but we see them gently eloping, as
a plain,  These summits are very, very ol

We have rocognmed thay disseetod plain, the level of the
Asheville amphithostre, now L4000 foet sbove the sen; ot was s
surface prodyced by subaerial erosion, and as such 1115 evidence
of the faot that the Frenel Brond River, aud such of 1ts tribnra-
rigs as drain thes aren, ol ome time completsd their work apon i,
reachad a base lovel,  That they should have secomplished this
the Jevel of discharge of the soulpturing streqms must have beon
constant during n long period, o condition which jmplies either
that the fall from the Asheville plain to the ocean was then much
lews than it now 15, or that through luend eauses the French Broad
wis held h-:.’ a natural dam, wlheree o0 oo Lhe Unaka elaan,

If we shiould fod thatl other rivers of this reson have earved
the forms of age npon the smfaces of theie mtermntane vallevs,
and there 18 now stine evidence of this kind at hand, then we
must appeal to the more geonersl cause of baso-levelling  and
woept the sonclusion that the land stood lower in relation L the
weean than it now does, Furthermore, we have traversed the
ruvines which tho streams have éur in this ancient plain and we
nay note on the accompanying atlns sheot that the branches ex-
end bock 1o every part of it the rvines themscives prove
hat the level of discharge hes been o verad, the streans have
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been revived ; and the wide ramification of the brooks s the
characteristic of approaching maturity,

We have also glaneed at the topography of the valley and
have found the rivers flowing in deep-eut simple channels which
are. voung, and the smaller streams working on an undulating
surface that is very scnsitive to processes of degradation,

The mimor stream systemsd are very intrieate and apparently
mature, but they have not yet destroved the evidence of a gen.
ernl level to whieh the whole limestone aren was onee readueed,
but which now 15 represcited by many elevations that appronch
1,600 feet above the sea. Here then im the valley are voung
river channels, mature stream systems and foant traces of an ear-
lier hase level, all of them more recent than the Asheville lovel,
which is in turm less ancient than the dome-like summits of the
Unaksx

What history cun we read i these apogestive topographic
formi and their relations ¥

The first step in the evolution of & continent i its elevation
above the sea, The geologist tells ug that the earliest uphfr of
the Appalachian region after the close of the Carboniferous
per'lud WiLs }lﬂlﬂ*{llﬁ{l OF Beomipanied |11.' w folding of the earth’s
crust into mountainous wave-like arches ; npon these erosion at
once began and these formed our first mountains.  Where they
wiere highest the geologist may infor from geologie stroetare and
the outarops of the oldest roeks ; but the faets for that inference
are not yet all gathered and it oan only be said that the heights
of that ancient topography were probably as great ovier the val-
levy of Tennesseee an over the Unaka cham. The positions of
rivers were determined by the relations of the arches to each
othir and, as they were in o general way parallel, extending
from northeast to southwest, we know that the rivers too had
northeast-southwest courses.  From that first drainsge system
the Tennessee nivor, as far down as Chattanooga, 15 directly de-
scended, and when the geologic strocture of North Caroling and
Fast Tetinveaspe 18 known, wie may be able to trace the steps of ad-
justment by which the many waters have been concentrated to
form that great river. At present we cannot sketeh the details,
but we know thut it was o long process and that it was aceom-
panied by a change m the radson etre of the mountain ranges.
The first mountains were high because they had been relatively
raised ; they gave place to hills that survived becaose they had
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not been worn down, A topography of differentinl uplift gave
place to ane of differential degradation, Awd to the latter the
dome-like “halde ™ of the Unakas belong.  Those massive sum-
mits of granite, ipuartaite Al Hm}_ﬂum-ﬁmlu are not now cut
by running waters ; they are covered with a mantel of residual
soil, the product of excessively slow disintegration, and they are
the reminant s of a surface all of which has vielded to dugm:]utiun,
anve them,  In time the streams will eut back and earve jagged
peaks from their muasses, but standing on their heights my thought
has turned v the eondition they reprosent—the condition that is
poast.  Awd thus in thought T have looked from the Big Bald out
on & gently sloping plain which coversd the many domes of
nearly equal height and streteliod away 1o merge on the horizon
i thie Jevel of the xen,  That, 1 coneeive, was the first base level
plain of which we bave any evidence in the Appalachinns and
from that plain our present vallevs have been eroded.  The eon-
timéninl elevation must then have been 3000 op 4 000 feet loss
than it is rnow, and the highest hills were probably not more than
2800 feot above the sen.  This wax perhaps u poriod of eonstant
relation betwoen sen gnd fand, bat it was sseceeded by one dur-
mg which the land slowly rose.  The rivers, which had probably
assumed nearly their preseot courses, were revived ; the unpor-
tant whaniiels soon sank in cafions, the tributaries leaped in rapids
anil ent back into the old base level,  The region continned to
rise durlng a period long enongh to produce the essential festures
of the mountain rnges of to-day 5 then it stoad still o relation
to the sea or perhape subsided somewhat, and the Freuch Hroad
andl probably other rivers made record of the pause in plains like
thut about Asheville.  Agnin the land rose slowly 5 again it
paused, and rivers, working alwayvs from theie mouths backwarid,
carved a basedevel in the limestones of the @roent '-'ll"t*:-’:. bt
before that level could extend wp through the gorges in the
U'nakas, the continent was maised to its present elevation, the
streams respondidd to the inereased fall given them and the rivors
in the valley began to eat their still incomplete cafions.

Are we not led step by step from these lntest sliarply eut chan-
nels U BIFCAED thmugh the r.‘l!l.l!l.ll-l.l-rl.':l- of erosion to the still survivs
ing domes of anéarly old age¥ Let us sum up the history we
have traeed.  There is reason 1o belicve that :

l8t, The eonsoquent topography of the earliest Appalachian
uplift was entirely removed during a prolonged period of erosion
and was replaced by a relief of differential degradation.



Hini Nuatronal (feogriaphe Muigiszizen,

¢, The baldsof the Unakas represent the heights of that first-
known approash to a base-level.

3. The wpography of the region has been revived by o gen-
eral, though not necessarily uniform, uplift of 4000 feet or more,
divided Ly twa intervals of rest ; during the first of these the
Asheville base level wias formed ; during the seoond, the valley
alome was redoted.

4th. The lutest movement of the uplife has been, geologioally
spenking, quite recent, and the revived streams have aceomplished
bt & small part of their new tasl.

These conclusions are reached on the observation of & singie
class of facts in ono distriet ; they must be eompired with the
record of continental oseillation on the sen cunsts, in the depusits
of the vonstal plain, and i the topography of other districts,

The history of the Appalachinns is written in overy river sys-
tem and oo eviéry mountain rnge, but o charseters determined
for each looulity by the lacal conditions.  Ouly when the knowk-
edpe, to which overy tourist moay coutribuly, is extended over
the entire region shall we know eonolusively the whole story.
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A TRIP TO PANAMA AND DARIEN.

By Hionmanp U, Godme

Tur Government of the United States of Colombia in its sot
of Concession to the Panamns Canal Company provided that it
should give to the Intter * grofuitement ef aves fowtes lea miner
gutifs pourront eontenie™ 500,000 hootares of lund.

Some of the eonditions attached 1o this grant were, that the
land should be selveted within eortain limits and survoyed by
the Cinal Company ; that & topographical map shonld be made of
the areas surveyed nnd that an amount equal to that surveyed for
the vansl should also be surveyed for the benetit of the Calambian
Government. It wus also Turther agreed that it would not be
mecessary to complute the canal before any of the land should be
granted, but that it would be given st different times in amoumnts
proportional to the amonnt of work accomplished.

Thus iv 1887, the Geovernment agreed to cotsider that one-half
of the work on the canal had been finished and that the canal
wik consequently entitled o 250,000 hectares of land, upon the
completion of the necessary surveys, ete

The land was eventuslly chosen partly in Danen and partly in
Chirigni as follows :

In Darien three lotg, one between the Paya and Mangle rivers,
one between the Maria and Pirri nivers, the two amounting to
100,000 hectares, and one lot of 25,000 hectares between the
Yape amid Pucro rivers,

In Chirigui, which is a Provinee of Panama just cast of Costa
Ries, two lots were chossn smounting to 125000 hectares, one
between the Sigsols and Rabalo rivers, and the other between the
Catabella and S3an Pedro rivera

The Canal Company wanted the title to the Innd in order that
it might be nsed as collateral security in bolstering up the
finances af the corporation, and the Colombian Government was
doubtless yery #illing tio let the Canal ﬂ'uttl.p.l.n}' Lave this amount
or un much more as wis wanted, both parties being equally aware
of the valucless character of the land for any practical purposes,

My serviees were engaged in 1888 in connection with the astro-
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nomieal work ineident to the survey of these grants and it was
intended that I shomld wvisit both Darien and Chiriqui, but the
contraot term expired about the time of the completion of the
work in Darlen, which was taken up first, and it was deemed
prodent for various reasons, the chief of them being the un
healthinese of the locality at that senson of the vear, about the
middle-of April, not to remain longer on the Istheaus,. I it had
been possible to work as expeditiously as in this eountry there
would have been ample time to have eompleted the NECORSATY
astranomicnl work for both sorveys, and without onderstanding
men and methods peeuliar to a tropioal eountrey Tstarted ontwith
this expectation, but soon found out that any efforts looking
towards expediting any partivular matter were not only useless
birt were detrimentally resctive nupon the person putting forward
such efforts. Thus it was naarly the first of March before |
reached Darien, having sailed from New York a month praviously,
Pasgage wae had from Panama to Darien in & steamer ohartered
for the purpose.  Bailing aeroke the Bay of Panama and entering
the Tn:.rrn River at Boea Chien, wo asponded the river as far s
the village Hinl de St Marie. At this poiot the steamer was
abandoned and further transportation was hud o cxnoe.

Darien 8 0 provinee of the State of Panamp god itsboundaries
as riven by Lieut. Sullivan wm his eomprehensive work on * Prob-
lem of Imteroceamie Commuanieation,” are as Tallows: “ The
Atlantie voast line is included between Point San Blas and Cape-
Tiburan ; that of the Pacific extemds {rom the mauth of the
Bayano to Point Ardive  The eastern boandary is determinad by
the main Cordillers in jts sweep neross the Tathmis from & posi-
tion of close proximity to the Pacific, near Point Ardita, ton
similar position near Tibiron, on the Atlantic.  The valleyve of
the Mandinga and Mamoni Bayano determine its western limit.”

The Darien bills ps soen from the Atlantic side present to the
view an apparently solid ridge of mountains, althongh there are
i reality many low passes which are concenled by projecting
S P

The dividing ridge bugs close to the Atlantic, and the rivers,
af which there are a great many on this side, plunge abruptly to
the sen, Un the Parific side the rivers have a much longer dis-
tance to flow before reaching the sea, and the territory hordering
on the ovean 15 low and swumpy.  The tidal Timit of the Tuyrs
River i nearly fifty miles from its mouth, and on this river and
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many of its tributaries one can travel manvy miles inland before
ground sufficiently solid to land wpon can be fuund,  The vegeta-
tion within this Jow lymg area i thick and closely matted
togethor, and this fact taken in conneotion with the swampy ¢har-
aeter of the _p;ru-uml.l makes travel on foot th_t'ﬂugh any 'FJI'.IJ!'F.iL'JtI of
it exceedingly difficule  Therefore the varions rivers, which
form 4 very complex system and penctrate everywhere are the
natural highways of the countey, The chief rivers on the Pacifie
stile are the Tovrea and Boyano with their numerous tributaries
amd on the Atlantie watershed s the Atrato,

A prouliarity noticed at Heal de St, Marie, which is at the june-
tion of the Pyrelid and Tuvra rivers and at which poant the tide has
a vige and fall of twelve or fifteen feet, was that at low tide it was
tmpisible o enter the mouth of the Pl'_rr'rrhi with a boat, while
five or six tiiles up the stream there was always a good supplyof
lowing water and at double that distaned it hécame & monntain
terrent.

Outaide of the wwampy area the charncter of the country is
rough and mountainows.  The valleys are narrow and the ridges
cxveedingly sharp, the natoral result of s great rein fall.  The
hills are able to resist the continued wasting effect of the vast
vithitnes of descending water anly by their thick mantle of aceu-
mitlated vepnation, and were it not for this protection the many
menths of eontinuous annual rain would long apo have prodoesd
a leveling effoct that wonld have moade annecessary the varions
attempts of man to pieree the Isthmian mountains and form an
artificial strait.

The ridges are sometimes level for a short distance, but are
generally broken and are made up of & sucesssion of well rounded
peaks. Thess pesks are always completely covernsd with trees
and from the top of the sharpest of them it s impossible Lo get
g view of the surronmding voantry,  The hghest point elirmbed
waa about 2,000 feet above sen level and the highest peak in
Danen is Mr. Pyrrhi which is bstween three and four thousand.

Darien has been the seene of a great deal of surveving and ex-
plaration from the time that Columbus, in 1500, coasted along its
shores, hoping 1o find n strait conmecting the two goenns, up to
the present time. Balboa, in 1510, discovered the Pacific by
crossing the Darien mountaivs from Caledonia Bay, This dis-
covery taken o cvonoeetion with the broad indentstions of the
‘and noted by Columbus, led the old world to believe in the exist-
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ence of a ptrart, and the entire cosat on ench gide of the new
world was diligently searched. The Cabots, Ponce de Leon and
Clortex  interested themselves in this search and it was not until
about 1532 that all expectations of finding the strait were aban-
domed. The idea of a direer natural communication between the
oceans being thus dispelled, the question of an artificial junetion
arose, und in §551 a Spanish historian recommended o Philip IL
of Spun the desirability of an attempt to join the oceans by
identically the same routes to which the attention of the whole
civilized portion of the world = now being drawn, that is
Tehnuntepee, Nicarnguw and Panamn.  From this time up to the
commencement of the work of the Isthmian expeditions sent ot
by the United States, and which lnsted from 1870 to 1875, but Hwle
geographical knowledge relative to Darien wae obtained. The
United Btates oxpeditions undoibtedly did a great amount of valu-
able explorntion and sarveving, and while the names of Strain,
Truxton, Selfndge and Loll will always be beld in high esteem for
what they accomplished in this direction, still 1t 18 to be regretted
that with all the resoarees at ther command rhey did not make o
complete map of the country, - And just hore | wann o bring
forward the iugg-eﬂﬁ:m that all that hos been Jll.l.'l"lI'I.T.I.!'.'llll!“h'&'l'.t and
mom, cotld have been accomplished if the vanous explorers had
knownt, or practically utilized, a fact that my own esperience and
that of other topographers, in this country and Darien, has -
pressed upon me; and that is, that it is easier i a rowsh snd
mountainous country to teavel on the rdge thau in the valley.
Iu Darien they were looking for a low pass in flie Cordillern and
this was what should have frst been sompght, divectly.  Having
found the low passes the wvallevs of the streams draming there-
from could have then heen examined, and thus all necessary infor-
mation coald have besn obtained and the sabject exhaosted, The
plan followed by the Isthmian expeditions was to ascend 4 stream
with the hope of finding a snitable pass.  The pasg might he
fonnd or it might not, and if not, so much labor as far as the
direet solution of the problem was concerned was lost, A pass
of low altitude was of primary importance and should bhave been
sought for in an sxhanstive way,

Humboldt said in substance, * Do pot waste your tine i ron-
ning experimental lines across.  Send out & party fully equipped,
whioh keeping down the dividing ridge the whole length of the
Isthmus, by this menns can pbtain a complete knowledge of the
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hypsometrical and geolegical vonditions of the dam that nhstruets
the travel amd commerce of the world.” But strange to say this
plan suggested by anch an emibent authority as Humbaoldt and
so strongly recommended by common setse, hae never e fol-
lowed; and to<day afrer all the money that has been spent and the
lives lost in explorations in Dareien, there s not silicient dats
collected to prove conclusively that there dows not pow exist
somne route for an interacennio canal that possessos merits superior
to any at present known, It s troe the dividimg ridge would be
difficult to follow on account of the great number of ednfusing
spure, bot I thiok I am safo in saying that starting from the suine.
mit of the main rildge ot Culebra pass on the Isthmos of Pansma,
the «hividing ridge extending to the pass at the head wators of
the Atrato could be rﬂ.':ll.l:l.uiiri'l-'i'l.‘l‘ fullowed and stadied with as
mnoh favility as vould either the Tuyre or Ateato rivers, embirmoe-
ingr with cach their regpeetive tributaries

I travelpd un wome of the high dividing ridges in Darjen, and
did ‘not find that progress was nt all difficult, and espeeinlly noted
the faet of the absence of tangled ondergrowth and matted vines
which is siv choractoristio of the Iavien foreits gencrally.

Now o few words about the nhabitants of Panasma god Durien,
andd in veferting (o these | mean the native inhabitsnts and not
the indiserimimate sathermg of all nationalities that were attracted
i"l_'_l.' the Paonuma Canal,

In Central amnid South Amdriea, us in North America, the abo-
rigits! mbabitant was the Iodian,  When the Spaniards frst
attempited to colonize Darien they were met and resisted by the
nntive Tndian just as our forefathers wers in Vieginie aod Massa-
chisetts, and s with us 80 in Panamoa and Darien the Indians
have b driven back by degrees from the shores of both vceans
unttl pow thoy are found ondy in the far intorsor,

Thoy resemble: our Indigns in appesrance, but are smaller,
They are averse to manusl bor and live almost entirely by
hunting and tshing, although they sometimes have small p!ln-;,;;.
tions of plantains, banauas, oranges and lemons,  The Spaniards
in settlimg in the new country brought very fow women with them
and the Colombian of to-day is the result of the admixture of the
Indian and Spanish blood, and bas many of the characteristios of
each rice.,  In addition to the lndian and Colombian there are in
Panama and Darien a comparatively large number of BEYTOE,
who were originally imported as slaves by the carly Spaciards,
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and who now cunstitute by far the larger portion of the inhabit-
wote of Daren, iing foumd usually in villages along the valleys
of the Inrger strenms,  In contrast to the Colombiun und Indian
thev are large in stature and make excellent lalorers,

The prineipul villages in Darien, a8 Yovisn, Pinagana and Real
de S Mare, are inhabited exclusively by the negrovs, with the
exception of o Spanish  judge i each, who exercises gront
authorty, Besides being a judge moeivil and eriminal cases, he
practically controls everytloog in bis partionlar village, as all
contracts for labor are nogotinted with him and sertlement for
services made thromgh him,

{Tpu',un rn-ﬂ.rﬂi.hp:" Prarien the fArst work :l.-r:fjg'.m?-& m# was the sur-
vev and explomtion of the Pyrein river.  This survey was male
for two purposes @ primarily, to determine i any of the country
hordering ajun it was of i -r'u'ﬂi:'.-i-.mt]y desiralde charncter to
inelude it within the grant, and secondly, to secure data for the
genereal topographical map, My instructions were to proceed as
far south as Intitode 737 3075 The asecent of the river wias made
in ecanoes until the freguency of mapids made it necessary to
abandon them, and then the journey was continued on foot, @en-
erally wading in the muddie of the stream, as the undergrowth
wis too thick to admit of progress along the banks.  Sometimes
the water was very shallow ; at other times, where 1@ had been
baeked wp by dams of porphyritic rock, it reached above the
waist, and near the end of the jonmey where the river o
between vertlenl walls of groat beight it was necossary Lo swim
i order to et bevond tlus vafion,

The survey of this river was satisfoctorily socomplished in
ahopt & week,  The method adopted foir the survey was to 'take
compass boarinee and to estimate distanevs,  Theso courses sod
distances were plottied as they were taken and thos the topo-
graphical wnd other features oould b readily sketehed i connee-
tton with themn  To check and conteol this work, olservations
were taken every doy at noon with a sextant, on the sun, for
latitude aml time, and ot might cirenne-maridian aititades of stars
were obtamed when possilele,

Thizs & nipmber of rivers were sorveyed—the Muarmg, Tueouts,
Yoviea and other tributaries of the Toyra,  When it was fonnd
that s snficiently correct idea of the country for topograplileal
purposes could oot be obtained b simply meandering the water
courses, lines or trockas were ent through the forest from stream



A Teip to Panama and Darten. a7

to steeam, and whire twao streams thos connected were tributaries
af a commaon river, all of whieh had hoen pn".'iiml.nl_r :_l.:lr'l..'::.'ry]_ i
clowed figure was obtained, sn adjustment for errors of closure
made, and by purting together the topographical data obrained
by the four lines. there was genorally foumd 1o be sufficient
information to give n satisfactory thowrh of course a oruide
delineation of the meludod area

After a number of rivers hied eeb examine] with more or liss
poegurney in this Wiy, it was finally decided thar the arda for one
portion of the prant best suited for the purposes of the Crnal
Company lay on the right bank of the Taven river, and that the
portion of the river which lay betwoiin the mouths of two of =
tributaries, thy  Rio Yape and the Rio Puors, shoald be one of
the hrillil.':dﬁl"igl}h of the gTant. The 'I..I"LI_II‘- anid Paves bave courses
approximately parallel to each other and at right angles to the
Rio Tayra, and these streams were ulsn chosen as bomndary Jies,
#o that the grant would haye the three rivers as natural bounda:
ries, and the fourth and vlosing houndary was to be a strmaghin
lina from u certain poing on the Yape to the Poero, so located as
to inclode within the four boundaries an ares approsimstely eqaal
to the amount of the graut, which in this particular ense was
85,000 heotares. The problem then presented was: given uiree
rivers for thres boundaries of a figure to establish a _i'uurth arnd
artifivial line, completing the fignre in such & way that it should
contain & given area, and also to procure data for a topographical
map of the country surveyed

This survey was put under my direction and 1 was insvrnoted
to procesd to o point oyverlogking the Tuyra river, hetween the
Bio Yape and the Rio Poero, near the mouth of the Rin Capite,
for the purpose of establishing a base eamp. Leaving Real de
St. Marie on the evening of March 15th, with o feet of twelve
candes and ahout thivty native laborers, wo reached the site for
the eamp in two daye. After landing evervihing, the work of
elearing wway trees and underbrush over un nrea safficiently lurge
for the camp was commenced.  The men worked willingly with
axe and machete, and soon the forest receded and left bare a
semi-circalar space focing the river.

Twao houses were needed and without saw, nail or hammer the
construction was commenved and prosecuted rapidly. Straipght
trees about six inches in diameter and twenty feer long wore cut
sl planted vertically in holes dug out with the machéte, and
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horigontal pieces of & smaller dinmeter were securely fastened on
with long tough strips of bark, and thus a square or oblong frame
waa fashioned. The honzontal preces were placed at a distance
of about three feet from the ground, on which a flooring was
eventually lnid, and at the top of the Trame where the slope of
the moof hfgﬂ.l'l. On the Lo 'ilii-.'-l!!l.'!l- other '|H]'|'|:"H were Intd and
fastened across and lengthwice, and on these the men stomd while
making the skeleton of the roof.  The latter was made very steep
for better protection against the min.  After the ridge pole
was put in position other smaller poles were fastened on paraliel
and perpendionlar to it s0 that the whole mof was divided up
into squares, and it was finally completed by weaving in thick
buniches of palm and other leaves in such o way as to make it
thoroughly water-proof.  For our purpose mo protection on the
sides of the structures other than the projecting eaves was con-
sidered necessary. A floor of poles laid very elose together was
put in one house, the one ased for sleeping purposes, and in the
other 3 table for eating, writing, dranghting, ete., was made,
Thus in two or three days the place was made thoroughly habita-
ble, and men were dotailod to see that the grounds, eto,, were alwaya
kept thoroughly clean and in a good sanitary condition, a yery
pesessary precuntion in a tropical country.  The forest afforded
gume, the river an abundance of fish ; bananas, orunges; lirmons
and pineapples were easily provured from the natives, who also
furnished material for o ponltry yard, and thus while located at
eamp Capite, situnted as it was on @ piaturesijue spat overlooking
two swiftly lowing rivers, with good drinking water, & commniis-
sary department well stocked, 8 Freneh cook who would have
done himsell credit anywhere, 1 conld not bat think that bereto-
Fratee }qinlum of 1life in Darien had been too sombeérly deawn, and
that where so much suffering and stekness hmd prevatled among
the carly explorers it was beeause they had gone there not prop-
erly outfitted, and bocause carried away with ambitious enthn-
siasm their adventurous spirit hal caosed them often to underiake
that which their ealmer judgment would not have dictated ; and
that 1o these canses as much as to the anhealthy condition of the
locality was due their many hardshipe. Several davs were spent
here gotling time and Iatitude olservations and in mapping out
plans for the work, It was decided that the mouths of the Yape,
Capite pnd Puero and other points along these rivers, such ns
months of tributary streams, ete., should be astronomieally lo-
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ented, that these pomnts should be connected by compass flines,
and also that pross lines should be run at varions points from the
Yape to the Capite avd from the Capite 1o the Puerp. [t was
further decided that as time was limited it would be impracti-
eable to run out the fourth side of the ﬁ:_.;':inl that womld contain
the grant, a5 the dountey around the headwaters of the strenms
wis known to be exceedingly rough and mountainous, and to
follow any straight line would necvssarily involve o great amount
of laborious cutting and elimbing,

Furthermore, in order to know just what direction this line
should follow it would be first necessary to make a connected
preliminary survey of the three rivers ; to plot this survey and
then by inspection of the map and consideration of varoes start-
ing points to decide on the most available location of the fourth
side,

Iunstend of this it was considered best and sufficient 1o arbitra-
rily sdopt a certain waterfall on the Rio Yape, the location of
which was approximately known from a reconncisance previously
made, a8 the initial point of the line connecting the npper Yaps
with the Pucro and closing the figure. Thus it only became neo.
essary, as far as the boondaries were concerned, to run & line
slomg the Tuyra, joining the mouths of the Yape and Puoero ; to
ran 4 line from the mouth of the Yape to the waterfall above
referred to; and to run up the Pucro sufficiently far to be certain
that when the work wus vompleted and plotted, a line drawn
from the position of the waterfall on the map in such a way as 1o
include the desired area would intersect the Puoro at some point
within the limit of what hud been surveyed. 1 bave pnot time to
go into the detnils of the various trips by lund and water neces-
sary to oarry out these plans,

Before starting it was known exactly what was necessary to be
done ; each assistant engineer had his work olearly mapped out
before him, and each ope farthfully performed the task alloceed
to him, so that the whole survey was brought to a suecessful
completion, Thie brought to 4 ¢lose all the work in Darien, the
other tracts having been surveyed tefore my arrival and conse-
quently the whole expedition returned to Panama, and seon
afterwards | returned to this country,

In poing to aod retorning from Darien, | passed twice over the
Panama railroad and slong the line of the Panama eanal, and 1
bave thought that & few facts relative to the caval and railroad
might prove of interest to the Geographical Society.

23
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Poblishod hecewith 1s o sketeh showing the looation of the
railroad, eanal and tributary drinage, and a profile along the uxis
of the canal,

The dirst survevs for the rallredd wetre made in 18459, amd 1t
was protmbly the exeitement of the California gold fever that
bronght abowt its constryetion st this particalar time.  Grouni
wiig broken in January, 1850, and the lost rail was laid in Jan.
usry, 5.

The length of the road is 476 miles and e crosses the dividing
summit at an elovation of 263 feer above the mean lesol of the
Atlantic wovan.  The moxvimum grade s 40 feet to the mile.
Soon after the road was bl peonrate levels wore run o doper-
mine the differenoe, if any, batween the Atlantie amd Pacific
ceoans, and 10 was fonmd that the menn levels were aluit the
BT, ."l.llhul:lgll theres pre of econrse variations owing 1 local
canses, und ponsiderable differences of height at times, owing o
differcness of tide=dn the Atlaptie and Pueifie, At ."I:v[niuw:ljl
the greéatest rise is only L4 feet, while at Panama thers fa gt
times o difforence of over 21 feet hetween high and low water.
The cost of the railromd was $53,000,000,

The existence of the railvoad was probably the doviding cause
that led Lesseps to the adoption of thisloostion of the projposed
catial,

Now thut the schewe has practically failed it is very easy to
set and appreciate the difficeltivs that lay o the way of building
a eanal ay this particular place ; and it certainly seems that §f
suund engineering principles had been adopted st least same of
these diffienlties conld bave been understond gl properly som-
batted. The whole soheme, however, from an ongimesring stand-
poiut, seems Lo have been econducted in the most blundering
TR MET,

Lesseps is a diplomat and financier, but in no sense n groat en-
gineer, In the constroction of the Suex canal, the questions of
diplomaey and finance wore the most diffienlt to settle, while the
engineering problems were comparatively simple.  In Panama
the opposite conditions prevailed.  Concessions were frealy given
him by the Colombian government and money freely offered hifm
by the French people, but he never grasped or eomprehended the
difficulties that natore had planted in his way, wnd these only
seemed to ocour to him when they blocked progress in u certain
direstion. The Paris Conference, controlled by Lesseps, deeided
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on the Yoth of Mayx, 1550, that the construetion of an nter
ocennne canal wius posgibile and that it showld be Ladlt from the
Grall of Lamon o the Lay of Paoomi,

The tide-lovel scheme was adoptid and the following dimen
stotts diseddiad upon, vie s Length, 456 miles 1 depth, 28 feet
wadth st water leae T84 Toet, @wd wodth g hottoan 52 feet,

The route determined upon wis about the seme as that of the
radlromdd, thar s along the vallevs of the Chagros and (Hiispao,
cromsing the divede st the Culebra pass and then desoending to
the Pacific along the course of the Rio Grmde The profile
which s reproducel Trom © Metenee,” shows the stite of progriss
on Jannusy et TERS and the smount of exepvation that has been
done sinee that time world make bt o slight difference in the
appearnnee of the profile,  The portaon shown in black is wlt
has beew removed along the nxax of the canal ol represents an
expenditate of over BREZ 000,000 and sevin vears” labor.  The
rensons that make the selivie ampracticable are 'llﬁuﬂ_y‘ thiersar,
somi of which were Enown before the work was eommenoid, and
all @f which should have been undorstood.

The first egrenl iliiﬁltully s in oitting throngh the ridpe enl
minating at Culebra where the ongol surface wns 354 fect
wbove the bed of the proposed eanul. It was never known what
thy geolomieal formation of this tidge was until the different
strmtn were lad bare by the workman's paek, and the slope
adopted, 14 to 1, was Found to be insufficient in the less compaet
formations, even at the comparatively shallow depth that was
rekehind, and many and senons landslides were of frequént odour
FETH .

Another serions difionlty was the disposition of the exeavated
material, for upon the completion of o ses-level conrse this chan-
nel would natarally dreain all the country hitherto tribatary to the
Chagres and Rio Gyrande, and any substanee not removed toa
prest distanes world eventually be washed hack sgain into the
canpl.  Bot perhapn the greatest ditheulty was in the gontral of
the lmmense surface drainage.  The Chagres river during the dry
sepdon ia, where it arosses the line of the canal near Gamboa, only
about two foot deep and 250 fect wide, but, during a fiood the
depth beoomes a4 much as forty feet, the width 1,500 fect, and
the volume of water discharged 160,000 cubic feet per second.
The bed of the viver is here 42 feet above sea level, or 70 feat
above what the bottom of canal would have been. Now add to
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this a 40-foor flood and we have a water surface one hondred and
ten feet above the hed of the canall

In order 1o kﬂ_*p this immense villnme of water from the ¢anal
it wie proposcd to build a large dam at Gamboa, anid to eonvey
the water by an entirely different and, aetificial route to the
Atlantic. It i impoesihle to show on the map the whole drain-
age arva of the Chagres, but n rough ealeslation shows it to be
shout 500 syuare miles. This seems o small total dramage aren,
but when itds considered that the annual rainfall is about 12 pEeT,
that thi= rainfall is confined to shont one half the yenr, and that
i six consecttive hours there has been a precipitation of over six
mehes of ram, some wlex of the amonnt of water that finds its
way through the Chagres miver during the wot season may Tpi
formed,

As 1 maid before it was proposed to protect the canal from the
waters of the upper Chagres by an immense dam at Gambioa, and
for the purpose of controlling the water tribatary to the lower
Chagrres twi additional chnals or channels were to bo oonstructed
on oither side of the main ecanal.  Thaos; as the fver s very tor
tnous and the axis of the canal erossed 1t twenty-five or thirty
times, many devistions of the former became necessary.  In some
P]nm th oanal was to R the bed of the river and 0 others
it cut neross bends leaving the miver for s original natural
parposs of drainage.  The difficulty in retaining the flopds in
these eonstructod channels would of coorse he imminse, e=pecinlly
in gome of the cises where the water rushing along it nsturnl
channel is suddenly turned at right angles into an artiticial
oo, Thus it 15 elear that aside from the enormons expense
ineidont to the removal of the Immense amoungt of carth and
rock necessary to complote the canal, that grantimg all this ae
complished, it woulil be praetically impossible to mantan o gen-
ievel eanal by reason of the difficulty in controlling the Chagres
and ypreventing the canal from fitling np.

The canal company finally mame to the conclusion that the sea-
level schemo was impracticable and it was abandoned, and plans
were prepared for o look system.  As seen on the profile thove
were ten looks proposed, five on each side of the summit level
The sumimnit level wis to be 160 feet above sea level and conse-
quently each lock would have a lift of thirty feet. The profile
was constracted especially to show the smount remaining to be
executed to.eomplete the lock system, and & mere inspection will
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show the relstive smount of completed and onecompleted aren
along the axis of the eanal. To complete the summit cut it is
still pecessary to excavate 111 feet, 93 feet having already heen
cxeavated, through a horizontal distanee of 3900 feet.  The width
of cut at top surface for the required depth at s slope of 11 to 1
would he TA0. feet, bot as 1 said befare, at this slope landslides
were of frequent ogcurrence and the slope woald probahbly have
to be mcressed to at least U to L

Grranting the necessary oxoavations made, there would be still
the problem of the control of the Chagres river and the water
supply for the summit level to provide for., Av first it was
thought that the water supply could he obtained from the stornge
of the waters of the Chagres and Ubispo, but this iden was event-
ually abandoned, cither from a belief in the mnsufficieney of the
water supply during the dry season, or from diffieoltiee in the
way of conveying the water to the spmmit level.

Then it was that the adviee of Mr, Eiffel, n noted French engi-
noer, was sought, and after a visit 1o the Isthmus he proposed
that the summit level shonld be supplied by pumping from the
Paettic. A econtract was immodiately made with Eiffel, who was
heralded all over the world as the man who would save the canal,
and immediately n positive day, the seventh that bad been an-
nounced, was fixed for the opening of the great canal.

I do not know just how much work was done towards perfecting
the system for pumping, but probably very little was ever aecoms-
(rlishaidl in this direction, as saon after this seheme was thonght of
the available funds of the canal company began to be very seires,
atil there hins been sinee then n general collapse of work all along
the line ontil now it = entirely suspended. From what I
have said and from what ean be seon from the profile, it will be
readily understood thar as far as the sen-level project is coneerned
the amount done = not moch more than u sernping of the surface,
relatively speaking, and that what hnas been dome is in places
whiere the obstacles were fewest.

In regard to the loek canal about one third of the necessary
exeavation has been made along the axin of the canal, but taking
into constderation other n-rln'trt-mt-:niﬂ necen:.:mi:r for the comple-
tion of the sehemi, 1 should estimate, rotghly, that pmhuh]:,' onky
omy sixth of the whole amount of work had been necomplished.
The question now natarslly arizes ns to what will be the probable
future of thiz freat enterprise,
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The French people have seen the soheme fail ander Lesseps in
whom they had the most nnbounded confidence, sod it is not
lkely that they will raise any more money to be put in it asa
buginess enterprise under any other minagement.  Saddled as it
18 with a debt of nearly four bundred millions of dollars, it wonld
be difficult to convinee any one that it could ever prove 1o be a
paying investment, Nordo I think that any Amerionn or Eoglish
rurporation ean be organized that could obtain snch concessions.
from Lesseps ue would make the scheme an nviting field for
capitalists, and thus my opinion is that the © Cempagnie Cniver-
seile dnw Canal Intevockanigue ofe Parama bas rretrievabily col-
lapséd, and that the canal will remain, as 1t is now, the muosi
gig:!l.l:li.l:- failore of the hgre.
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ACROSS NICARAGUA WITH TRANSIT AND
MACHETE.

By H. E. Prany,

Tuxr action of this National Society, with its array of distin-
guished members, in turming its Attention for an hoor to a region
which has interested the thinking world for more than three cen-
turies wives me peculiar pleasure and satisfaction,

| propose this evening to touch lightly and bnefly upon the
natural fentures of Nicaragua, to note the ressons for the inter-
est whiach has always contered upon hier, to trace the growth
of the great project with whioh her nome  mseparably linked ;
w0 show vou somew hat in detail, the life, work, and surroundings:
of an engineer within ber borders ; and finally to show voa the
reanlt that = to erown the engineer’s work in ber wide spreading
foresta and fertile valloys,

That portion of Cential Amerien now incladed withiv the
bonndaries of our sister republic Niearagun, has almost from the
moment  that European eyes looked wpon it sttracted and
charmed the attention of explorers, peographers, great Tolers, stu
denta, and men of sagsoious and far reaching intellece.

From Gomarn the Jong st of famons opnmes which have
linkeit themselves with Nicaragun reaches down through Hum-
bolde, Napoleon L1, Ammen, Lull, Menocal and Taylor,

The shores wire frst seen by Buropeans in 1502, when Colum-
buk v his fourth voysoe rounded the espe which forms the
northeast angle of the state, and ealled it * Gracias & Dios,™
which name it bears to-day, Columbos then cossted southwarid
alofg the eustern shore.

In 1522, Avila, penetrated from the Pacific coast of the ecoun-
try to the lnkes and the ecities of the Indian inhabitants.
Provious to this the ecountry wad f_1l,'.{!llp'i-E~E] [lz.r & NUmMerons
population of Aztecs, or nearly allied people, as the quan-
tities of specimens of pottery, gold 1mages, and other articles
foand gapon the islands and along the shores of the lakes, prove
vonclusively,
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In 1626 the oonnection of the lnkes with the Caribhean sea
was discoverad, and dorng the last half of the eighteenth cen-
tury s eonsiderable commerce was cartied on by this roote
between (franada on Lake Nicarupua and the cities of Nombre
de DNos, Cartagena, Havany and Cadiz.

In 18%] Nicaragua thréw off the role of the mother eonntry
and tn 1825 formed with her sister Bpanish colonies, a confeddra-
tiorn. Thisn confedeération was dissolved in 1838, and #oee then
Nienragun hak conducted her own affairs.  In point of advapce.
ment, financial solidity aod stability of government she stands wo-
day wvearly, if not quite, st the head of the Central Amerioan
republics,

Nicaragun extends over a little more than four degrees each of
latituade and longitude, from about N 117 to N, 157 and from
83% 20" W. to 87" 10" W,

Its longest side is the northern border from the Guif of Fog-
seca northeasterly to Cape Giracins a Ihos, two hundred and minety
miles. From that cape south to the mouth of the Rio San Juan,
the Caribbean coast line, is ¢wo handred and fifty miles. Neoarly
due west noross the Isthmos to Salinas Bay on the Pacific, 1s one
hundred and twenty miles.  The Paoifie vonst line extends thence
northwest one hundred and sixty miles.

In point of sike Nicaragua stands first among the Central
American republics having an area of 51,600 square miles, 1t is
larger than ¢ither the Stute of New York or Penmsylvania, about
the sige of Denmark, Belgiom, the Netherlapds and Switzerland
combined, and s one-fourth ns large 08 France or Germany.  Its
population numbers about 304,000,

The Gulf of Fonssen, at the northern, sand Salinas Bay at the
pouthern extremily of the coast line are two of the finest and
largest harbors oo the Pacifie coast of Uentral Amervies, A bount
midway between them is the fine harbor of Corinto, and there
are also several other ports along the const, at Ban Juoan del Sur,
Brito and Tamarindito. O the Caribbesn coast no harbors suit-
able for large vessols exist, but pumerous lagoons and bighte
afford the bhest of ghelter for coasting vessels,

The central portion of Niearagoa i traversed, from north to
south, by the main corddlera of the isthmuas; which, here greatly
reduced in altivade, consists merely of o confused mass of poaks
and ﬁdgﬂ'ﬂ with an AV eragre eliyation i.l-uu.rl.'!uf:,' l:':l::ﬂ_lding [ETELL
feat.
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Between this mountamous region and the Carnbbean shore
stretches o low level oountry, coversl with a donse forest. rich in
rubber, cedar, mahogany and dye wonde [t s drained by sev-
eral large rivers whowre fertile intervales will vield alimest inceed-
ible harvests of plantnins, bananas, oranges, limes, and other
tropical fruits,

West of the mountain 2one is 2 broac valley, about one liun:
drad and twentyv-tive feet above the level of the sen, extending
from the Gull of Fonseen, sonthessterdy o the frontier of Costa
Riew. The greater portion of this valley i3 ocoupied by two
lakes, Managoa and Nicaragua.  The latter one handred and ten
miles long by fifty or siaty meles wide 5 really anoinland sea,
bemg one-hall as loege us Lake Ootario and twice as large as
Long Island Sound.  These Inkes, with the ranfall of the sdja-
cont valleve, drain throogh the noble San Juan river, which dis
charges into the Caribbean ot Grovtown, at the southéenst angle
of the country.

Between the Pactfie god thede Inkes jos narrow stoip of land,
from twelve to thirty miles inowidth, stretehing from the magnifi-
cant plain of Leon with s eathedeal cicy, i the north, 1o the rol
““H '.I.Tllﬁgﬂl lil:!'.lt!‘li- I-II'III TR L1 e LR }Iiﬂ.ll”l“”ll"l “'IJII'I.:."II F-III'I'EI-II-'[H!. Th‘l.."‘
garden ety of WRivas, in the sonth, |

The lowest pass actiss the backbony of the New Warld, from
Belirimge's Strdit to the Straits of Mpgellan, extends along the
San Juan valley and aoeoss the Lajas—Rio Grapde © divide,” be-
tween Lake Nicarnpir amd the Pacitie ; the summit of this
divide 18 only one bl rod hfty-two feel above the sed and
fortvitwo feot above the lnke.

Nignragun presents  vet  another unigne  phyvsion]  featore,
I..:rinp; -t ween  the elovated mountain masses of Costa Hiea
on the sputh and Honduras on the north, the aversge vleva-
tiom of ité own mountain backbone hardly one thousand feet, 1t
18 thoe matdral thoroughfare of the beneticent northeast Trades.
Thest winds sweep io from the Carthbean across the Atlantie
slops, hiredk the surface of the lakes into h||nr|-;|i1!g waves, and
then disappenr over the Pacifio, aemting, cooling and purifving
the country, destroying the germs of disense aml making Nicsrn.
pua the healthiest region in Uentral Ameriea.

The spenery of the castern portion of the eountry = of the
luxuriant sameness peouline 1o all tropleal sonotries.
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In the vicinity of the lakes aml botween them and the Pacifie,
the isolnted mountiin ]H.'-H.Ir'.:l- whieh bound the I.I-I.Il-i:t'l af Leon
on the northeast ; the mountain islamils of Madern and Omoetepe ;
the towering turgquotse missses of the Costa Hican voleanoes
nnd the distagt blue mountues of Segovia aml Matagalpa, visible
bevond the sparkling waters of the |akes, feast the eve with
seenie beauties, unsorpassed vlsewhere v gramdeur, vanety and
richness of coloring.

The products of the country are numerous despite the faet that
e resourees are as vel wbmost entirely undeveloped.

Maize, plantaing, bananas, omnges, hmes, and indesd every
tropical fruit, theive in abundanes. Coffee i« grown in large
quantities in the hilly region in the northwest ; sugar, tobaees,
cotton, riee, indige and cacao plantations aboinnd between the
Inkes und the Pacifie ; potatoes and whest thrive in the uplinds
of Begovia ; the Chontales regron enst of Lake Nisaragua, o
greatl prazing section, supports thoussnds of bead of oattle § and
back of this are the gold and silver districts of La Libertwd,
Javali and others.

Numerous trees and plants of medicinal and commereinl value
are found in the forests, Gume s plentiful and of numerous
varietien ; deer, wild hog, wild tarkey, manates and wpir § and
fish abound in the streams wnd rivers, The temperatore of
Niearwrua is  equable,  The extreme varviation, recorded by
Childs, was 23 ohserved near the lead of the San Juan in
May, 1851

The southeast wind predomipates during the ramy season.
Oecensionally, in Jone or Ootober as a rule, the wind hauls round
to southwest and o femproral results, heavy ran sometioes falling
for w week or ten days,

The equatorial clowd-belt, following the sun northiom the spring,
s late reaching Niearagus, and the wot seapon s shorter than
reyrionk farther soath.  The avernge minfall, based on the reeords
of nine vears, in 04,42 inebes.  The “trades™ blow almosy
throughout the year. Strong during the dry seadon and Frish-
ening during the day ; the wind ¢omes lrom the east-northeast,
and Wows usually for four to five days, when, hauling to the eest
ar southesst for n day or two, it ¢alms down, then goes back to
northeast and rises again,

The Spanish discoverers of the preat Lake Nicaragua, coming
apen it from the Pacific, and noting the fluctuations of level enused
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by the action of the wind upon its browd surface, mistook these
fuctuations fur tides and felt assored that some broad strait con-
neetad it with the North Sen.  Later, when Machuea had discoy-
ered the goand niver outlet of the lake, and the restless searching
of other explorers in every bav and inlet along both sides of the
Ameriean sthmus had extingnighed forever the jgms fatuos
“Seeret of the Strunt,” Gomara pointed this ont as ane of the
maost favarable localities for an artificial communication between
the Morth and South Seas,

It was not until 1831, however, that an acourate and soientitic
survey of n ship eanal route was mnde by Col O0 ¥, Clalid=

This survey which showed the lake of Nicaragum to be only
ot hundred and seven Toer above the e, and the maximuoum ele-
vation between the like ard the Paeifie o b ouly fortv-one feet,
exhibitad the advantapes of this route so clearly and 0 sich an
uranswerable manner that it his never since been possibile 1o
izhore it

In LETO, wodder the pdministeation of General Grant and laemwely
through the unceasing offort= of Admaral Ammen, the Tnited
Brates begiun n serigs of systematic surveys of all the routes
acrosx the American sthmns from Tehuaotopee to the head
waters of the Fio Atrate o and sty vears [ater, with tho plans and
restlts of all these surveys boefore it & commission composced of
General Humphress, Clief of Eogmeers;, U. 3 Army; Hon
Carlile Patterson, Superintendent 1. 5. Coast Survey 3 and Hear-
Admiral Daniel Amwen, Chiof of Borean of Navigation, U, 5,
Navy ; ouve its vimlict in favor of the Nioaragun routee,

The Intermutions] Uanal Congress at Parts, i 1870, had woeh
convineing information plaecd hefore iv that it was foroad, o
spite of it= prejidices, to admit that i the advantagees it offered
for the construction of a lock canal, the Nicaragua ronte wios
stiperipr o any olher neross Lhe Ameriean isthois.

In i870, andd again in 1830 Civil Engineer A. G. Menoosl, 1,
=N the chiel engineer of previoos goverumental surveys, re-
surveyed and rovised |H!_{"rinihi of the route, nod o 1885 the sme
engineer, agsisted by myself, surveved an entirely now line on the
Caribbean side, from Greytown to the San Juan river, near the
mouth of the Sun Carlos

(i1 the enstern side of Nicaragun, all these surveys (exeept the
last), were confined almost entirely to the San Juan river, and its
immediate banks ; and the country o either side beyond these
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nurrow himits was, up to 1685, almost entirely unknown, Between
Lake Nicaragua and the Pacific, however, every pasa from the Bay
of Balinas to the Gulf of Fimseca bad besn examined.

In 16885 the party of which | was a member pushed s neariy
direet Tine across the conntey from a point on the San Juan,
about three miles below the mouth of the Rio San Carles, to
Grovtown, & distanco of thirty one miles by our line, o8 compared
with fifty six miles by the rFver and fortv-two miles by the
farmer propossd canal rowte,

In Deeember, 1887, 1 went ont in charge of o fionl sarveying
expedition, consisting of some forey engineers and nssistants and
one hondred and fifey luborers, to resurvey and stake ont the
tine of the canal prepavitory to the work of eonstruetion

The information and personal experience gained in previoos
survevs made it possible, without liss of time, to lovate the
varjons seotlons of the espeditaon in the most ulvantigecas man-
nar, anid push the work with the greatest speed consistent with
Beouracy.

The location lines of the previous survovs were taken as o pre-
liminary e and osrefully remepsured and re-develled. Pre-
liminury offsets were run ;¢ the loestion made, and staked off npon
the ground ; ofsets ron i from three hundred to one bondred feet
aparl, extemding bevond the slope limits of the cannl 3 borings
made ot frequent intervals @ owwl ol streams gaugail,

The result of this work was 4 serivs of detail charts sl pro-
filiw, hsesd apon rigdidly elevled pustromental data, and coveriog
the entirn Iine from Grevtown to Brito, from which to estunate
gquantitics amd cosi.

As may be imagived by those familiar with tropiesl countries;
the proseaution of a sUrYey q1 Lthese reZions 1s an arduons and
diffteult work, and one demanding specisl qualifications in the en-
gineer,  His daye are filled with a surevssion of surprises, usually
dlmagrecuble, and vonstant happenings of the unexpected, Frob-
whidy o ane o other coiniey will the traveler, explorer, or engincer,
frad such an endless variety of obytaeles ta s progrids,

Every wopographical feature oF the voltey s shiboided wod
hibddim nnder o tropaeal growth of huge teees gl tanglod under-
hirnsh, so dense that it is Lipuissibile for even o dtrong, notive mu,
bordened with nothioge hot & wile, to foree hinself thromeh it
without a shory beavy sword or svacfiéns, with whioh to out his
Wk Y.
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Uider these eircumstanves the most observant engineer and ex-
pert wordsman may pass within a hundred feet of the base of o
conmderable hil! and not have a suspicion of its existence, or he
may be entirely unaware of the proximity of a strenm until he is
un the point of stepping over the edge of its precipitous banks.

The topography of the country bas to be laboriously felt out,
much as & blind man familiarizes himself with his surroundings.
In doing this work the indispensable mstroment, withoot which
the transit, the level, and indeed the engineer himself 1= of no use,
is the national weapon of Nicaragua, the machéte, a short,
heavy sword,

As soon as he is able to walk, the son of the Niearaguan siozda
ur Alire takes us n ployvthing a piece of iron hoop or an ol
knife, amd imieates his father with his miachate. AS he gers
older a broken or worn-down weapon i miven him, and when he
i# able to hamdle it 8 full sige machéte is entrnsted to him and he
then consitders himself & mun.  From that day on; waking or
sleeping, our Niearaguan®s murehete is alwuys at his side.  With it
b euts Lis way throngh the womds @ with it he builils his camp anid
his bod ; with it he kills s game and fish 3 with ioat a pioeh
hie shaves himself, or extracts the thorns from his feet o with it
e fights has dhueds, amd with it, when he dies, his comrndes dig
his rrave,

When i the fiehl the chiet of a parte, equipped with u prﬂ"I-LF.'t
compass and an aneroid barometer, woalwayes skinnishunge alend
of the fine with a miachétern, or axeman, 1o cut s path forhim. A
pushing ehicf, however, speedily dispenses with the sechitare
andd sliushios 2 way for himsell maeh more rapidly,

As soon a= He decide= where the lne = 10 o the pngrineer calls
tor thie spaehieterog amid the twn best ones immediately begin ent-
tig toward the sonnd of his voiee,  They soon slashe a nar-
tow path to him, drve o stake whare he was standing snd then
tirn ek towhied the othér macheterod, who have been following
thom, cutting a whier path and elearing away all trevs, vines and
Fapameloes, w0 that e tragst man ecan se¢ the 11:1_1: at the stuke
Thie moment the lending: moedicteros veach bim the chief starts off
again and by the time the woein body of axemen have reached his
former position the head machiteros are cutting toward the sound
of his volee in o new pasition.

As soion ws the lme is cledred the transit muan tnkes his sight
and moves ahead o the stake, the chainmen follow and  drive
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stakes every hondeed feet, and the Jevellor follows putting in
edpvations und eross seetions,  In this way the work goes on
froit rnrl:f Illﬂl"’ﬂiilg until Ih_*n.ﬂ:; dark, il"[‘*l‘!illj._: nhaut an hour {or
luneh,

Alter the davie work comes the dinuer, the table gravidd with
wild hog, or turkey, or venison, orall.  After dinner the smoke,
then the day’s notes are workad up and  dupliented amd all hands
wet into ther nets. For o omoment the conntless nocturnal noises
af the great forest, enlivened perhaps by the seroum of o tiger,
or the deep, mufled mar of a puns, fall wpon drowsy enrs, then
follows the sleep than always aceompimes hard work and winid
health, till the ball-voiesd howling monkevs set the Torest selio-
Inee with their ammouneeipent of the hreaKing dawn,

In revomndissanee and preliminary work the vxperionosd engi.
neer, is able, 11 wany cases, 10 avoul obstboles without vitlating
thie resules of i work, but in the final Toeation, in stakinge oot
absoluto ourves and drving tongents thousands of feet long
aeross country, o dodging i priasisiale,

On the hills ami elevatod groumd the engineer can, eompaen-
t.iﬂ'l:r H}I-L'n.ki'ttg,, mel :Illl.'l'llg -l'.|lili1l:- IL"rlTr'lf-l'.ll_"h'lH_'I.‘+ s J:lrin_rrllml Annoy-
ances betng the unevien charseter of the gronmd, which compels
him to ser liis instrwment viry Freguiotly; and the vecessity of
fellimg some grrantio tree every now amnd then,

In the valloys and lowlands there fe an uneeasing vound of
ohstavies,  The e may run for some istanes over livel eround
coverell with o compararively open growth, then without wam.
e AU oneounters the wivek of a fallen tree, buid liours are con.
sumed  vwang o passage theongh e mass ol breoken Timbs and
sligttered teunks all vwmtred and hoand tegether with vines and
shrahberv. A Diytle farthor on o stream 18 eressed, and ths line
may cross Gtal reeross four or Tive thoes o the next thowsnnd feet.
The engitievr must oither chimb down the steep banks, for the
streams burrmw deop b thy stff elay of these vallevs, fond the
strenm and elinb the opposite bunk, or e mast fall @ teve from
hauk 1o bank and erees on it slippery traok twenty or twenty-
Ave foot above the water,

Kither ou bl imomisliate bank or in its vioipity i€ almost eér-
tain 1o be enconntered § " gocedte ™ elearing.  This may be only
ot of two hundred feet aeross or itmay be a half a mole. In the
formur case the “aaccafe ™ graze will be ten or fifteen feet in
hetght and so matted amd interwoven with vines and briars



Aerows Nesragua with Transit and Wachite, 333

that & tunnel may e oeot throwgh it as through o hedoe,
IT the elenring bie large, the tough, wiry grass 12 no higher than o
mran’s hewd, and a path has 10 be mowed through i while the
sun bents down into the fumacedike enclosure till the blade of
the wachate becowies nlmost 2o hot to tonch.

But worse than ML}'llliul__; this far mentioned are the Silico or
lack palm swamps, Some of theke in the laeger valleys and
neal the cofist are miles In extént.

Oienpivd exvlusively by thie low, thick Silieo palms. thesse
swpmps sre in the wet season absolotely impassable cxeopt for
monkevs amd allentors, and even ar the end of the d ey sepso
the engineer enters apon ope with sinkine hears as well as feer,
atnl pweraes frome it tired and nsed np I every portion of his
anutomy, [t = with the utmes: |ﬁlﬁ|-li!r.|'r thist be Hrols a e
fealle  pebnees too doeate lis insteoment, cenerallvoatilizing the
el lonomocks Cormad -h!.' the trunks of the eluders of Fl_-l.]m-.,
arul in moving feom point to point v i€ eonppelled te wade from
Koie tooshontlder deep i the black mod and water,

Groneral reconnaissntioes Trom high trees in olevited localities,
stmple pnough o theary, aee by o0 menes ¢a=y in 4 country so
mibser]y . with jts seerets as this, nor are their momlis reliable
without p great expendituee of time, lnhor, and paticnce,

Uk tewvely, onddalatine and modjerntely broken ground, the Tops
of the trees; though they may be one Linndved and fifey foor from
the grouml, sre level as the top of a hedie.  Even an isolated
BLLAT it be roanded in shapee presents havdly better facilities, the
trees at the base wod on the sides, in thete effort to reach the sun-
light grow taller than those an the summit, and theee is no one
tree that commands all the others,

If however an isolated Wil of several hundred feet in height
b found, ite stesp sides oulminating in a sharp peak, one day’s
work by three or four good axmen, in eatting neighboring trees,
will prepare the way for & suedy of the general relief and topog.
raphy of the adjacent country,  IT after these preliminaries have
levm eomplited the engineer 1magines that he has only to +limb
the tree and sketeh whnt he sees, to obilain relisble knowledge of
the country, he is doomed to serious surprises in the future,  [f
he makes the ascont during the middle of the das, he will, after
he has cooled off and rested from his exhausting =forts, soe
spresad out before him a shimmering landseaps in which the uni-
form green earpet and the vertieal sun combined, have obliternted
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all outlines exvept the more prominent irregularities of the ter-
rene, and have blended different mountain ranpes, one of which
may be several miles beyond the other, inte one, of which only
the sky profile is distinet, Hntumll}' uniler these conditions
estimates of distnnce may be half or double the truth,

There are two wavs of extricting reliable information from
these treetop reconnmiszanecs,  [F it bo in the rainy season the
aheerver must be prepared 1o make a day of it, and when he
nsoends the tres in the morming be takes with him o long light
line with which to pull np his coffee and lanch.

Then aided by the successive showers which aweep across the
landscape, leaving fragments of mists o the ruvines, and hanging
grey sereens hetween the different ranges and mountdins, brnging
out the relief first of this and then of that section, an accurate
sketeh may gradually be made, The timeof passhgoe of o shower
from one peak to another, or to the obsorver, may dlso be utilized
w5 # by no means to be despised check apoen distance estimates,

If it be the dry season, the observer may take his choice he-
tween remaining on s perch in the tree from before sunrise to
after sunset, or :.r_u]kiﬂg. Iwo ascenle, om r-ﬂtl:l.' 1 Lhe I T
and the other lute in the afternoon.  In this case the slowly dis-
persing elouds of morning, and the gradoally cathering mists at
cunset, together with the reversed lights il shadows at dawn
and sunset, bring out very clearly the relief of the terrens, the
overlapping of distant ranges, and the course of the larrer
SLrenms.

This kind of work cannot be delegated to anvone, and besides
the warduous labor involved in elimbioe the hure teves, there gre
other =erious annoyvances connected with 1. The climber s
almost eertain to disturh some venomous insect which revenges
iself by a savage sting whivh has to be onduared 3 or he may romd
clothes and =kin also, on some thorny vine, or ancther, erashed by
fus efforts, miy exude a jidee which will leave Lo tattoowd for
dava ; then, thouch there may oot be a mosguito or 0y s the
base of the tree, the top will be infested with wyvriade of pinnre
binck fies, which cover hands and face, and with extiemely
nrnoving results. O the other band the explorer mav a8 4 com-
pensation have bis nostrils filled with the perfome of some bril-
liant orebid on & neghboring braneh ; and there is 8 breezy
enjoyment in watching the showers as they rush aeross the greon
carpet, and in listening to the roar with which the big drops heat
upon the tree tops.
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The special phase of field work which fell to my personal lot
was ontirely reconnnissanes, consisting of eanoe examinations of
all streams in thoe viemity of the lme of the canal, to determine
their souroes, charncter of valley, and approximate water shed ;
of rapid air-line compass and aneroid trails, to econnect one
stream, or valley head with another, or furnish a base line for a
genernl sketeh plan of & valley | and of stadies of the larger
featnres of the turrene, from elevated tree tops,

The Inst has been alrewdy deseribed ; in the gecond the experi-
ence wis very similar to that of the parties i rinninge main lines,
On theése ovoasions three or at wost foud hardy Auliros (robber
hunters) comprised the purty, two carrying the blankets mosguito
bars and provimions [or several days, and one or tw cutting the
lightest possible procticable trail and marking prominent frees,

In a day’s march of from Ave to erght miles, and this was the
utmost that even sudh a hight, active and experienced party conld
cover in one day, every possible and some almost impossible kinds
of travehing was enconntered, and thoronghly exbansted men
epept into their bars every night,

The canee reconnaissances were more aereeable, thopeh some
most anpleasant as well a5 most enjovable memorivs gre connected
with them.

The innumerable Targe fallen trees which obstraet the streams
and over or theough which the ospoo must be hanled bodily, the
almost inevitable capsizing of the canoe, the monotonous red elay.
I“F”hf- i l:iﬂ’:l"'l‘ '.'l-.“.ill .'thll- t-}l-lr 'rl"l'!'I“‘L'IIT '|H"I.'t'."'!.'ﬂ'|-1';||.' 'l_if I:ri[i;l,:' 'I:II;IH."“ At
night it a bed of mad into which the droves of wild pigs which
inhabit these vallevs Lave trampled the cluvey sobl, ure among
the disagriecalili ineiliints,

From the head of gunoe navigation te thedr sonrees the char-
actor of thes streams s ontorely different, and both in 188 and
i =85 T hoave Tollowed them far upe into wonntain porges, the
Beauty of cwhieli = a8 fresh in my o menwory s if T had boon thiro
i"l' _:l.'.‘["'i' lrl'bh{r'p'.,

The erew of the canoe on these reconnnissances usually con-
sistod of three pleked men, pnd when the sanoe had boen puashed
as A np stream as it was possible for it oo go, two of he men
wore left witth ¥ while the thosd andd Tpest, t!fngih;;‘lhr |:|1|II.J|]-.'|'!'_§1,
Baves, ool Tetthe oo, e, amd milk, apon his back poshed on
with mwe Wading throngh' the shallow water ng the bed of the
stredn, takinge hoarings 4l e<timating distances, while my Aulero

ook, | L |
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followed, ever alort to strike some drowsy beanty of a fish in the
alear water ; the source of the stream was generally reached in
a iy, and never did we make preparations to sleep on some Tl
of clean, yellow sumd washed down by the stream in flood times,
hut what I had o plomp turkey hanging from my belt, and my
hudéro sovernl Gine fish,

Much has béen written aboot the elimute of Nicarnprus and ite
effect upon the inhabitants of more northerly countries when ex-
poseid oL

It would seem that the experience of the numerous expeditions
sent oul by the United States, ol the reports of the surgeons at-
tached to those expeditions wonld have long sineoe settled the
matter.  To those who sinnot understand how thers san be such o
differenco i olbmate between two localities so slighily removed ar
Panama and Nicaragua, and the former possessing 4 notor -
ousty deadly elimate, thy experience of the reoent sarveymg ox-
pm;lil.in.m mitdt s eonelusive,

[]ﬂl:l.' five membwera of thit l'.'i.]l-l-'!l’li.t.i{IH b over been In 1L'H|ﬁ-
cal climates before, anid the redwen and chabnmen of the ]I-m'r.f-'
wre yourg men jiust out of eollege who lod never done o day’s
manasl labor, nor slept on thee geonnd 2ontizhe in thelr ves,  Ar-
rivitg ot Greviown duriog the raloy senson, the first work that
they envountered was the transporting of their supplics and
vamp equipige 1o the sitew of the varions eamps.  This had to be
done by mepns of oanwes alovg stremms obstrooted with logs anid
fallen trevs.  Some parties were o week inoreachimg their des-
tination, wadiig aml swimunng by das, lifting and prshing their
oanoes alone, aml abt might Iy down oo the ground to sleep,

Ouge party worked for six months in the swoamps and  lagoon
reaion directly back of Grevtown, amd several other parties
worked for an equal length of thme o thee egually ilisagrecable
swamps of the ruETrrl..* al 1he =mun Franewon,  Severil of theg
officers are diven there vior, as fresh as evir: T making tours of
inspection of the different seetions | have repeatedly, for severn]
days amd mights 0 sucecssiom, sl thedays teaveling i the
wird g throngh swumps aod ruan, and the nighty slepping ws best
T oould, eurlesd ap poder i Ilanket in s sminll cawie, while my
men paddled from one camp v the next.

In spite of all they oxposiire il only wery there no deaths in
the expodition hut there wias not a single case of serous llness,
snd the afficers who have revaroed op 1o this time, wers o better
health and wwight than when they went away.
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Of oourse the men had the best of food that money eonld ob.
tain and provious expericnee suggest, and the chiefe of all parties
werg rogquired to stretly enforee eortain sanitary regnlations in
regand to eoffee in the worning; a thorough bath and dose of
spirite on returning from wark, and mosguito hars and drey sleep-
ing =inite at night ; yvet the elimate muost e hold principaily re-
sponsibile for o sanitary resnlt which | believe conld not be ex-
velled in any temperate gone city, with the same number of men,
doing the same arduous work under conditions o) egqual exposire.

The forests every where abioinmd i game ad every party which
ineluded noits personnel o good rifle-shot was suie ol & vonstant
supply of wild g, turkey, guiil sl grouse, varied by an osea-
stonal deer, all obtaied in the ordingey work of reconnoisesnog
and surveving,  For the meo’s table there was aboandance of
monkey, iguang and maopw,

Parties in the lower vallevs of the varions streams had no
tronble v adding two or throe vareties of very toothsome fisli
to their hill of fare, though these fish Wi rarely canght with
the hook, byt ilﬂT::llI:..' shit, or kntfed h.r an alert native, as they
basked in the shiallows,  These parties also olnained occasionally
moodapnda {tapie) or p manntee.

O the river 16 was poksible to obtalp o fine string of fish with
ook ool Do, then theve was the huge tarpon to be hand for the
spearing, and fish pots suuk i saitable places wore sore to yield
g mmess of Tresh water lobsterss Duels were also ocensionally
shist,

The forns of life are cven more nnmecons in te vepretable than
i the amimal kingdam.  The offoct of these wonderful forests
i e rihabile, ol thiogbe wany writers hiye sssayod a deserip-
i, bhueve ved toosee one that does the subiject justive,  Oaly g
stmple enumeration of component parts will be attompted . hore.
First comes the granld 1lmi_'l. ol thiir Forest, hll.:l:['{l wlnwmdra, havilan,
gunchipiliog oirte, codar, coltonwond, palo de levhe trees, and
otlers ristiiyr one bimdeed dod Gfey or two lindes] feot into the
wobttillant sunshone, The entire Toltase of thise trees o ot the top
gnd thore wreat trunks reachinge up for o ldved feet or more
withimt n birmneh offer o wondeef il vaoiet, of stadoes in types of
eolwmty,  Somie fise straight aind smooth, and trae, otlers send
out thin dleep Dutkresses, and atbiors ook Tike thie souselu-knotted
fore-urm of a Titan, with gnarlel fingers griping the pground in
thtir wide prasp,
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But whatever the form of the tree trunks may be, the shallow
sotl wpon the hills and the marshy soil in the lowiands, lias taaght
them thet there = greater sufety and swbility in & freond founda-
tion than in a deeply pencteating one, and s almost without
exception the tree roots spread out widely, on, or near, the sur-
fuce.  Benoath the protecting shelter of these patriarchs, as com-
pletely protected from seorching sun and rushing wind as if o &
conservatory, grow innumerable varieties of palms, voung troes
destined some day to be ginsts themselves, and others which
never attain grest sizge.  Still lower down, Juxurinte smaller palms,
tree ferns, and dense underbrosh, and countless vines.  Those
latter, however, ure by no means confined to the wnderhrush,
many of them elimb to the very tops of the tallest trees, cling
about their trunks and bind them to other trees aml to the
ground with the toughest of ropes.  With one or two exeep.
tions these vines are an unmitigated noisance, Too them more
thab to anything olse is due the mpenotrablenvss of the tropienl
thocket.  OF all sixes anid all as tough as homp lines, they creep
along the groomd, eatching the traveler’s feel in a mesh from
which release 18 possible only by eutting,  They biod the soder-
brush together 10 a toagh, elastie mat, which eatches and holds
on Lo every projection about the clothes, jerking revolvers from
beilts, und wrenching the eifle from the hand, or, hangring in trap-
like loops from the trecsd, catel one about the neck, or constantly
drag one’s hat from the head.  The one exeéption noted above is
the desuen oo agprea o waler vine,  This vine, which looks like an
old worn manills rope, w10 be found hanging from or twined
ahont almost every likrge teeo apon elevated gr_::ulul, aml o the
hivt amd thirsty explorvr it furnishes a most deliciously eool and
elear dravohi.

Seizing the vine in the left hand, a stroke of the poedete severs
it m oot or two below the band, and another guick stroke severs
it meenin aliove the hand ; moncdintely a stream of elear, tasteleis
water issued from the Tower vand and may he cauglie in o dipper
or i la matice Birectly o the mouth. A three-foot length of vime
two invhes in dipmeter will furnisle at least 4 pint of water. The
arider of ontting montionad above must invariably be adhered to,
pthidewise, 30 the npper cut be made first, the thirsty neviee will
find b has in bis Haod ooly a plece of dey eork-like rogue,

It i practically impossible to jodge of the sge of the huge trees
in these forests, Mighty with inherent streogth, stayed to the
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gronnd aud o their fellows by the numerous vines, sheltered and
protected also by their fellows from the shock of storms, their
hnge trunks have little to do exeopt support the direet weight of
the tops, and they rarely fall antil they have rvachod the last stages
wf decay. Then some day the sudden impact of a ton or twao of
water deopped from some fonous tropical shower, or the vibra-
tiond from o hurryving troop of monkevs, or the spring of a tiger,
1a oo much for one of the miant branches heavy with ita load of
vines atd parasites, wml it gives way, broaking the vines in every
direetion and saplitting n huge sieip from the main truvk.  Widh
e supports thus broken and the whole weight of the remaining
tranches on one side, the weakensd trunk sways for & moment
then bowe toats fate,  The remaining vines break with the resist-
less strain, and the old ginnt gathering vdlocity as he falls and
dragging with him everyihing in his rench, crashes 10 the esrth
with a rosr which elicitse cnes of terror from Lied and besst,
and goes bouming through the quivering forest like the report
of b hwavy cannon, .\ pateh of blue sky overliead and a pile of
mmpenetrable debrs below, mark for years the grave of the old
brro,

As regards the insect and reptile pests of the eountry it has
been gy experience that both their nombers and capacity for
wormett have been greatly exnggerated. Mosguitoes, thes of
various sizes, wasps and stinging ants exist, and the first an
some ylaces in large numbers ;o vet o oa persaon who has any
of the woodsman's ernft of taking care of himself, nod whoss
blowd is not abnocmally sensitive 10 inseet  poisons, they pre.
sont o terrors amd but slipht popovances. At onr headgquarters
eamp on San  Fraveiseo wland, we bad no mosguitoes from
surrise to slnsel, ard oven after sunset I.l'.l-&:.' WEereE not HI'ZII.H'.'UJI.I.”.I!.'
numerons, At avother eamp only a few milos away there were
black Mies only awd no wosquitoes, at another both, while at
the camps up in the hills theee were neither., 1t was< anly e
camps in the wet lowlands and near swamps, that they became an
almost unendurable asnovance. Even here it was those who
remaised o csmp that saffered most. Men oat in the thick
brush were but little annoved by them, and when on their retuen
to camp they huad finished their dinner and gotten into thetr
mosquita bars they were ont of their reach. As to snakes, the
danger from them even to s European, is practieally nothing,
Nat a man of the severnl hiundred that have been engaged in the
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various expeditions in that ecountry has ever been bitten, and
i bundeeds of mifes of tramping through the worst forests
of the countey, vither entirely alons orif accompanicd by natives,
with them some distanee i the rear, 1 have never funcied myvsall
in dangger, The posonons snokes are invariably slugeish, and
unleas petnally strock or stopped upon are apt to try o got ont
of the way, if they make any move. The only snake that s ar
all aggressive, ns far as my observations go; 7% a long, hlack,
non-poisonons siake,  This will sometimes advanee wpon the
intruder with head epised a conple of feet from the groaml,
or if eotled about a tree will lash at binn with s il

The floral exhibit of these forests is apt to be disappointing to
one whomse ideas hive hoen formual by o parosal of books. A
oecasional searfet passion fower ¢ now amd then the feagrant eluster
of the Mor del toro 2 a fow insignibfionnt thoooh fragrn fowering
shrubs; and in muddy sloughs near the stpeams, patehes of wili
callas ; nre about all that meet the vve of the non-botanical wan-
dérer in the deep Torest,

'[ihrﬂ' LT ]iglﬂ wllrrﬂ!ﬂl. For Mowars bismoath the dense RHTITEY FAY
of trevs, anid they, bke the smaller hirds, seek the tre ops il
the banks of the river where sunlight and air are abundant.  In
the tree tops the archids and other fowerine parasites run riol,
Munv of the trees are themselves fowering, and i one enn Inok
down apon the tree tops of o valley in March or April, he seos the
greon expanse enlivensl by blaging parches of erimson, vellow,
purple, piak, awod white,

The river banks are the favorite hione of the flowering yines,
and there they form wreat eurtimns swasitge from tlie troes in
bright patterns of vellow, pink, med anid white, The gy
lanks aned i=laods, od thie shallow samd spits alse heing Forth
it rnble variotivs of dountic plants,

S much for the Atkantie slogue o the oaintry

Cho the wimt sude hetwoon the Lake amd the Pacific the work
sovery different,  FThero it e possihle tooride mule back o the
vogr of a conpmandiez Lill, sit down pod make the reconnnisane
sketeh at Lasore.  The seqomlery rerounaisances may also e
made muloback, and everywhore the rolling eountry aml  the
eleared and cultivatisd Gelds, permit the ongmeer to-spe whers he
is going and bhow he s going,

His sureoundings sry ulso different.  He moves camp in an ox-
cart instend of noeanoe,  Hisoves instead of being confined by
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the impenetrable vell of the tropieal thicket, feast upon views of
the slistant monntains, the erigp waves of the Lake, and the blue
expanse of the Pacific.  During the dav he meots hlaek-cyved and
hrown-limbeid seforitas, instead of wald hoos and l:.|.||_-'l|:.|'g'.r,rﬁ' nnd nt
night iz he turns in, he heéars, not the servnm of tirern, hut the
songs of the feraidera’s coru danghters Aoating avross the stream
whivh supplies their wnsh-tubs and his camp.

The firet grand natoral featore which arrests attention in the
micst carsory exnminntion of the map of Nicargua s the Great
Lake, This lake with an area of some three thousand square
miles and o water-stuad of abour eight thonmnd sipuars mifes, is
e in the larga proportion of its own srea to that of its water-
whwd. A resalt of this Jarge proportion of woater surface to
drainuge wrea, al onee evident, % the very gradunal chauges of
lowvel oof ' the lake sl therr confimement within very narrow limits,
The differvnes bviwesn the lesol of the Inke ar the close of an
whaiormally ey spepsomaml s level at the closd of an ;|1I1-|m|—.|:r_|;|.1:|;||-
wil semisiidi ks ot sneee thian win feed, woad tlie msnal annosl Naetn-
ation I= abuont Bve feel

The pext Feature< that arrest atftention are, first, the very
narrow ribbwn of boed mtervening between the western shote of
the Lasko and the Paoifie, and seeomd, tlie entire absence of Interi)
tributsiries of any siee to the upper balf of the San Juan River,
The Aver s rn fiael, as 10 Wik uHEhmIIF st aptly named, simply
thee * Disapenailers ™ o dein of e Lake

The length of this river v one band e el twenty miles, from
the Lake vy the Caribbenn Seb, and its toe] fall from one handred
tooone humedted and ton Tedt. Nature hins sephrnted the river
into two nelrly il diwisions, presenting Jistinet and O proNILE
cliaraereris s

From Lake Nicargrun to the mouth of the Hie San Carlos, o
distanoe of sixty-one miles, in which occar several rupids, the
tonal Jeseent is Gty Feet, quite irregolariy disceibuted however,
The surfacy alopes of the river varey Trom as much as 88,38 inches
per mile for o short distance at Castillo rapids, to only .00 inch
per mile through the Amua Moerie, the dead water below the
Machnoa rapuls

The averame width of the viver theough this wppier seetion s
seven hondesd fect, the mintmum fone hundred  and twenty.  [o
some parts of the Agua Muerte the depth varies from fifey 1o
sevenby-live feet,
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There are very few islands an this section of the river, the
banks are covered with huee trees matted with vioes, and theough-
out thw lower halt of the division, from Tore mpads to the tvoutly
if the Sun Carlos the mver s eonfined between steep hillz and
o O U L T

As a result of the absenes of conmdernble tributnries alrendy
noted, the fluctuations of this portion of the river conform elosely
to those of the Lake, sod consequently take place gradually and
are limited i range.

Below the Rio San Csrlos the San Joan changes its charnoter
entirely, Its avernge width s twelve hundred and fifey feer, its
bottom 1% sandy, there are nomerous slands, and the slope-of the
river 158 almost omformly one fool per mile.

The discharre into thisv section of two large tributaries, the
“an Carlos and the Sarapiqui, descending from the steep slopes of
the Costs Rican voleanoes, canses mucl more sudden and consid-
veable fuctuations of level than in the upper river,

While the lower portibn of the rver and espedially the delta
svotion presents very interesting fentures, vet the peoulisar charm
of the river is in the uppier seotion, and the oxeaptionsl advantagres
it offers for obtainmg miles of slack water navigation.  Ths por-
tion of the viver with the lnke und the nareow jsthmus between it
undd the Pacific forms a trio of matural advantages for the con-
struetion of a canal, the toportance of which it would be difioait
b aivatl eslbirmiates.

About three miles bélow the miowth of the S Carlos, the Cafio
Machado enters the San Juan on the north bank. This stream,
nhout one huodred feer wide and from eight to ten feet deep, is
the last of the mountain or torrantial tributaries of the San Juoan,
It can searcely be said to have s valley, bt ocenpies the bed of »
rogged mavine extending for several miles northerly and north-
westerly up into the tastorly Aank of the cordillers.  Every
variety of igneous rock, from light porous pumice to dense metallie
green-hlaek by perithiene andesite, may be picked up in the bed
of this stream,  Agates also are cominon and thers are oocasional
maseges of jasper.  Farther up, frequent outerops of trap m sito
ocour, intersperssd inosome loealities with numerous veins of
agate.

Twelve miles below the Machado the San Francisco enters the
San Juan,  This stream, with its several tributaries, druing & large
SWAmpPY “.”Hr sprinkled with irregular hummocks and hills, For
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seversl miles from the San Juan it is & sluggish, moddy stream
between steep slippery banks ; higher up, flowing over a gravelly
and then a rocky bed, it finally disappears in steep ravines
filled with huge bowlders. The main San Franciseo comes
from the northwest, but a large tributary has its source to the
eastwurd 10 & range of hills which separates the San Franviseo
hasin from the immediste Caribbean watershed. This range,
unlike the ones already noted, is at heart an uninterrupted mass
of homogencous hypersthene andesite, and with one exeeption
nothing but frngments of trap or trap dn #ify, 1s to be found in
any of the stréams descending from either its wiAtern ur eustern
slopes.  The one exception is the Cafitto Maria, a tributary of
the San Francigco, entering it but little more than a mile from the
San Jusn,  [n the bed of this stream were abundant spectmens of
agates, jaspes, snd petrified woods of several varieties in o
wonderfally good state of pressrvation.

This range of hills ends av the Tamboreito bend of the San
Juan, four miles below the mouth of the San Franeiseo, and is the
last easterly projecting spur from the monntsin buckbone of the
interior.  Between it and the coast thore are, however, mountain
masses of egqual or greater elevation, notably “ El Gigante ™ and
the Silieo hills, the former some fifteen hundred feet high, but
these are simply isolated mountain gangling their pnumerable
radinting spurs speedily giving way Lo swamps or river vialloys,

The streams that flow down the enstern slope of the Silico hills
are, from their sources to the lowlands, of almost idyllic beauty.
Begimning ae noisy little brooks tumbling over black rocks in a
Veshaped ravine nesr the summit of the hills, they rapidly gather
volume and slide along in a polished channel of trap, tumhbling
every now and then as sheets of white spray over vertical ledges
forming here and there deep grean pools, and then after they
have passed down smong the foot-hills, rippling in broad shallow
reaches over sinlit beds of bright yellow gravel. The water of
these streams 18 clear and sparkling us that of an Alpine stream
and apparently almost as cool. The insect pests of the tropics
are unknown in the elevated portions of their vallevs, and I have
~slept more than cnce beside one of these streams, several hundred
feet above sen level, without s mosguito bar, while the delightful
“ trades,” rustling through the trees above me, brought the mur-
mur of the Caribbean surf miles sway, to mingle with that of the
Alream.

voL. L )
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The soil of this range consists, to & depth of ten to forty feet,
of clay of various grades and colors, red prevailing. In the
valleya this clay is almost invariably of a very dense consistency,
and deep, dark red m color.

From the foot-hills of the range to the coast, = o low Jevel
stretel of ecountry, a dozen miles wide, interspersed with
Ingoons and swamps. Near the hlls, where the elevation of the
ground will avernge about fifteen feet above sea lovel, the woil s
composed almost entirely of the hefore mentioned red clay,
which ovessionally assumes the form of hummocks. Within
about six miles of the coast this stratum of clay gradually disap-
pears under a laver of sand, which ig n turn covered, by a vege-
tahle mould, to a depth of a few fevt.  From this point to the sea
the average elevation 1= barely five feet above the ks level, and
the sand and mould sbove mentioned are the only materinls met.
A short distance from the ocean the vegetable eartli-covering
disappesrs and only the sand’ is left, extending to an unknown
depth and - reaching out into the sea.

West of Lake Nicaragua, from the Rio Lajas to Brito, ns we
leave the lake shore, the ground rises almost imperceptibly to
the * Divide™ Rmong cleared and _|.['-I-."II|.|.|‘-_F undulating fields, Then
wa drop into the sinnous gorge of the Rio Geande only to emerges,
a few miles farther on, inta the upper end of the Rio Grande and
Tola basin,

To the right the Tola valley stretehes to the northwand, and
all around high and wooded hilis encirele the vallevs except
direotly in front whore a narrow gatewny m the coast hills opens
to the Pactfie. 1o the bottem of this valley are a few farms and
through it wander devious roads.  Beyond the narrow gatewny
in the hills, less than three mles of level swampy safings reach to
the sorf of the Paoifie.

The views from the hills which flank the gateway of the Rio
Grande, st La Flor, are wonderfully attractive. I well remember
one eamp on the hillside, from which in one direction the eye
takes in the fertile valley of the Tola and Hio Gmnde, backed by
tha rolling hills of the * Divide ™ and over thom the symmetrieal
peak of Ometepe, ita base washed by the waves of the great
lake. In the other direstion the Pacific liee apparently but a
stona’s throw below, the little port of Brito at one's very feet.

This pame eamp inspired one yvoong engineer and enthusiast to
express himself something as follows ;
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“What if, in this camp, we should, like Rip Van Winkle, sleep
for ten vears, and then awakening look about ua? We are still
at Brito, hut mstend of being in the wilderness, we look down
apon a thriving eity,  In the harbor are ships from all ports of
the world, Ships from San Franeiseo, boand for New York,
about to pass throogh the canal and shorten their journey by
Py miles,  Ships from Valparniso, headed for New York,
which will take the short cut and save 5000 miles and the dread
storms of Lape Horm., At many & masthend floats the British
flag, and vesseld from Liverpool, with their bows turned towards
San Franciseo, have shortened their jonrney by 7000 mijes”

“We goaboard one of the many stéamers fiving the * stars and
stripes " and start esstward,  All along tha line the face of the
pountry has changed : the fertile shorem of the Tols basin are
gocupied by cacno plantations, fields have replaced forests, vil-
lages have grown to towns, and factories driven by the exhanst-
less water power furnished by the canal have sprung up on every
available site”

“ Along the shore of the lake are immense dry docks, and vessels
are resting in this hoge fresh water harbor before setting out
agrain on their long vovages,  The broad bosom of the noble San
Juan is guivering with the strokes of tireless propellors.  The
roar of the gpreat dam at Ochoa g haard for o moment wnd then
the eastern seotion of the canal 18- entered. Here the eountry 1s
seaveely revognimble so greatly has it changed.  Wilderness and
marsh have disappeared, and only great tields of plastains wnd
banwnas and dark green orange groves are to be seen, A day
from Brito and the steamer’s bow is rising to the long blne swell
of the Carthbean at Greytown.”

Well s this pieture caleulated to exeite anthusiam, for it means
the dream of centurigs realized, the cry of commerce answored,
and onr imperinl Orient sod Oecident-facing Republic resting
content with coasts united from Eastport to the Strait of Fuea,
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