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.of tire ridge, the neighboring pealis rose arotmd tllem : 
and all N e v  Zealand. from western to eastern coast, 
xritll the ocean beyond on either side, lay below. Tlie 

story of the joariiey is sirnply and grapl~ically told, 
aild suggests a writer of more irltelligeilce and better 
powers of observation thau is usually met with n~r~orlg 
nrountain climbers. 

T H E  DIGESTIBILITY OF CELLLTLOSIf3. 

ITis a well-establ~ihed fact, that :L co~lsiderahle por- 
t ~ o n  of tile woody filne w h ~ c h  is consmned in sucli 
large amou~i ts  by l le rb i~  orous animals does not le-al)- 
pear ill their excrements, ba t  is apparently digested. 
I n  what portion of the al~mentary canal, or by means 
of ~vliat  secretion, tlris dige5tion is accomplislied, ]la5 
been the subject of rnucll speculation and of some 
experiments; but, until recently, neither ]lad done 
~iruchto illumi~late the matter. 

Hofrneister 1 seemed to ha\ e gone fa1 towartls solv- 
ing the question when lle found that a considerable 
solntion of the cellulose of grass tool; place ill the 
lumen of sheep. H e  firqt enclosed ttvo srnall sanlplei; 
of fresh grass in cages of german-silver wlre covered 
with muslin. and i~ltroduced them into the Inmen of 
a living sheep. After three days the animal was 
Irilled, tlle cages removed, and their conteilts exam- 
ined I t  mas found that seventy-eight and four-tenths 
pel cent of tbr  woody fibre originally present had 
bee11 dissolved. Subsequent experiments showed that 
the fluid obtained fiorn tlre rumen of a freshly lrilled 
sheep had also a powerful solvent action on woody 
fibre, and that  the mixed saliva had likewise this 
yon er. Experimenti on oxen gave no decisive result : 
those on tile horse failed to show any solvent action 
of the saliva a11011 woody fibre. Hay, and the  ' crude 
fibre ' prepared in the analys~s of fodders, were acted 
upoil by tlie fluid from sheep's rumen, though not so 
energetically as was the grass. 

These results point unmistakably to the first stom- 
ach of ruminants as one place where cellulose is 
digested, IIofmeister ascribes to the rnixed saliva 
the power of dissolving i t ;  but some subsequent ex- 
l ,e~iments by Tappeiller Vndicate that  this is effected 
by a fermentative process, and that the saliva or fluid 
from the Inmen used b: Hofmeister served simply 
to supply food to  tlre organisms concerned in the 
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fermentation. Tappeiner took sanrples of tire con-
tents of rumen, small i~itestine, and large intestine. 
of a rnminarit fed exclusively on hay. One sa~nple 
from each portion of the alimentary canal was at 
once boiled ; to a second some antiseptic (chlorofornr, 
thymol) was added, sufficient to stop the action of 
organized ferments; while t,o tile third notlring was 
added. All were kept warm, and after a tinie t l r e i~  
content of crude fibre was de'termined. Those por- 
tions from the rnnlen and large intestine, to \vlrich 
nothil~gn a s  added, \vere found to have lost cellulose~ 
~uliile carbonic acid and marsh-gas were evulvetl. No 
loss was observed from the contents of the slnall ilites- 
tines, nor from tlie samples treated with antiseptics. 
Further experime~its sllomed that this f l rn l en t a t io~~  
could be prodaced outsitle tile body. To liay or pure 
cellalose, niixed witli extract of meat, ancl previo~~sly 
heated to 110° C., a drop of fluid from the rtulnell 
was :~dded. *Ifter a fern days, active fermentation 
began. Gas was freely evolved, consisting of about 
seventy-six per cent of carbonic acid a ~ l d  tventy- 
fonr per cent of marsh-gas, and the cellulose nearly 
all disappeared. A second kind of fermeirtatio~~ was 
also observed, which yielded carbonic acid and hydro- 
gen. In  both Iti~lds of fermentation, only tlre smaller 
part of the cellulose was volatilized, most of i t  being 
converted into acids of the fatty series. 

That cellulose is fermentable is not a new obscr-
vation ; Van Tieghem having fonnd that  the butyric 
ferment has the power of decomposing it, with pro- 
duction of hydrogen, carbonic acid, and butyric acitl. 
Tappeiner's esperinlents are of interest, because they 
sllo~v that, tlie fermentation talres place also in the  
alimentary canal. Tliis is sllow~l iiot only by the 
disappearance of tile cellulose in tile experiments 
described above, but also by the presence of the prod- 
ucts of the fermentation in stomacli and intestines. 
I n  ruminants the marsh-gas fermentation seems to 
prevail. I n  the stornacll of the horse and swine 
co~~siderable I nquantities of lrydroge~l were found. 
both cases acetic acid, aldehyde, and au acid hav- 
ing tlie compositio~l of bntyric acid, were found. 

These results are important ill their bearing on onr 
estimates of the nutritive value of fodders. I t  having 
been sllomn that the digestible portioii of tile crude 
fibre has the conlposition of starch, i t  has generally 
been assumed to have the same nutritive value. Tap-
peiner's experirnents silovr that  this is probably not 
the case. There appears to  be a disposition on t l ~ e  
part of some critics, however, to ~ u s h  to the opposite 
extreme, and, instead of overestimating tile nutritive 
value of cellulose, to underestimate it. The non-
nitrogenous riutrients are to be regarded as the fuel 
of the body, and they are of worth to it in proporti011 
to the amount of energy set free by their oxidatiorl 
to carbonic acid and water. So far as we can see, i t  
is a matter of indifference whether that  oxidatioli 
begins in the alimentary canal, or not until the snb- 
stance has passed into the circulation. Wllatever 
potential energy is colltailled in the digested cellulose 
is yielded u p  to the body sooner or later. with tlre 
exception of t1i:tt portior~ wl~icll escapes in the  form 
of combustible gases. Accordiilg to Tappei~rer. tlris 



portio~l is sinall. Since, now, the $eat of con~bns- 
tion of cellulose is the same as that  of starell, ac-
cording to vorl Reclieitherg's ilet.eri~iinatioiis,l the 
clifference i a  tlie ~ ~ i ~ t r i t , i v e  value of tlie t,vo i~ ius t  be 
mensuretl by tlie heat of corr~bnstion of tlie 1nnrhl1- 
gas and I ~ y d r o g e ~ ~  evolved. 

The well-know11 experinleiits of IIcnneberg aiid 
Stohman11 on the respiration of sheep showed iio 
considerable escretioi~ of eirl~er llyclrogeil or ni;trsh- 
gas. In  one of tlieni, for esanil)lc, the i~iliiilal ate 
per rlay 1,210 grams of hay, and rscrcted 1.5 gr:~;iis 
of marsli-gas. Not having at  Iiarid tlie original :ac- 
count of the expel~iriieiit, we will assurile tliat tlie 
hay corltaiiled only twenty-fire per cent of crude 
fibre, of which one-linlf was digested. Tliis a~noulits 
to 132 granis per tlay. T l ~ i s  ~lnaiitity of cellulose, if 
oxiciized to cnrI)oriic acid arld mnter, ~\-oiiltl yield 676,-
701 caL2 Proril tliis we Ira\-e to tlecluct tlie alnoiiilt 
of Iieat carried off iri 1.5 ?rams of m:trsli-gas, whicli, 
according to Pavre and Sill)erlnnilri, :rinonllts to 19,305 
ca1. There renlain 637,209 cnl., representing tlic 
wort11 of tlie 138 gvanls of cellnlose to the animal. 
The saiile n-eiglit of stnrcli, if coinpletelj- oxidizeel, 
woi~ltl yield liSO,YOH cal. : i n  other mords, tlie cell~l- 
Itlsc set free ill tlie 11oily of tlie arlimnl ninety-six and 
a half per cent of tlie eliergy t~hic l l  tlie sanle weight 
of starch woultl have clone. 

Sntnrally these calculntions are riot cxact ; but 
tiley serve to sliow, tliat, if the heat liberated dnririg 
tlie fermentation of the cellulose is of use to the ani- 
iiial, the nutritive value of cellalose does not fall so 
rilrlch below tliat of other carholiyclmtes as sonie are 
inclined to believe. 1%.P. A ~ a r s r ; ~ .  

IS THE RA11Vb7ALL O F  K A N S A S  IN-
C R E A S I N G  ? S 

TIIIRTV years ago the territory of I<a~isas was not 
occupied by the mliite inan, a~it l ,  if we except a few 
acres cultivated by tlie Ilelamare Indians, iio portion 
of lier soil liad been turner1 up by tile plougl~. Her 
entire area v a s  ir1clnc1ed williin tlie vast aild alniost 
unkiiowri region of tlie ' t~xeless plains ' and the 
' great Anlerican desert.' During tliat brief inter-
veiiiilg period, inore than a niillion l ~ o p l c ,  chiefly of 
the agricultural class, have take11 possession of lier 
domain, and have already brought her to tlie very 
front ranlr of the states of tlie Uiliorl iri tlie esterit 
and value of her agricultural products. IIistory 
affords no other instalice of the permanent occupation 
of so esteilsive an area, previonsly nrioccupied by nian, 
ijy so large arr agricult~ual population, in so sliort a 
space of time. Here, certainly, if liuman agcricy 
could anywhere affect cliniate, moiiltl sucli an effect 
be produced. Here, assuredly, if settleriie~lt ever in- 
creases rainfall, will sucli increase be most marked 
aild lllost u~ilnistakable. That sucli increase has ac-

I ./huv?!.pr~akt .c i i e t ? ~ . ,n. f., xsii. 1ar~d223. 
1 cai. = t h e  aluount  o f  l ~ e a t  rcyuired t o  raise the tempera-

!in?o f  1gr,am nf water  1' (2 .  
3 1,cctnrc before tlrc Iiz~nsasacndcmy o f  scicnccs, N o v .  2 5 ,  

by Prof. F.11. Ssom.  

tiutllg talten place, I belicre to be established beyoiiil 
a tlonbt. I t  is a circ~unstance l~eculiarly favorable 
to tlie determination of tlie point i n  cluestioil. t,liat, 
n l tho~~gl itile general settlement of Iinnsas bj- cultiva- 
tors of the soil is of such recent date, relial~le ol~scr- 
vations upon the rai~ift~ll  liad bee11 ni:tde :it the n~ilitary 
posts up011 the east,rril borders for n suliicieiit peiiocl to  
malie ~~oss ib l e  a satisfnctor~y cornparisoil bel\veen the 
rainfall before settlement aliil aft,er settlenie~i t. Tlie 
recorrls at Fort Leaienrvorth cover tlie 1onge.t periocl, 
and eriahle us to conll~nrc tile ~ri~reteen years inima- 
cliately precetling tlie occupatioli of 1C;rir.a~ by n-liit,e 
settlei? wit11 tile ~iirieteeri years inirnediately follon7- 
iiig sucli occupatiori. D~iii i ig the first period tlii: 
arerage rainfall Trns 3O.!)G incl~cs: tlurilig the srcoritl 
periocl it n.as 36.21 iriclles; g i ~ i l ~ g  at1 average increase 
of 5.21 iiicl~es per ai11iu111, -a11 i i ~ c i . ~ ~ t s eiiearlyof 
t\\-eiity lJer cent. Tlie 'or1 I;caveir\rortli recoi'tls 
cover so long ;i periocl of t i i i~e (11earlgforLg - ea r s ) ,  that 
tile ilicr(~a~et1 average of tlic seco~id lialf of tlle lpeiiocl 
cailuot be nltributed to a 1iiel.e ' accitlental variatioii.' 
111 tile issiie of Scierzce for .lpril LP,1851, it ib statcd 
tllnt " the siipl~osetl illcrease in the rainfall iri the dry 
rcgiou beyonel tlic Xi.-sissippi is not bor~le  0111by the 
retilriis of the sigilrtl-service." Dnt the recortls of 
tiie sigrinl-service i ~ p o i ~  s t a t e~~ ien tvc-hicli tliis nra$ 
baseel iiiclutle a periotl of o~i ly  twelve yews of obser-
vatio~i (fro111 1871 to IS$"), wl~icll is uuclonl~tedly too 
short a period for either establislii~ig or disproring 
tlie fact of a ' secular ' variatioii. 

But tlie fact of an i~icreased I\lansas railifall does 
not rest entirely upon tlie Fort Leavenworth obser- 
vations. There are other s t i~ t io l~s  ill l<;xiisa~ whose 
records cover a n~ucl i  loiiger period than tlint of tiie 
longest establislied regular station of tlie signal-
service. Tliere are the t\velity years' recorils of tlie 
U. S. military post at Fort Riley, the twenty four 
venrs' recorcls of the State acrici1llitrnl coliece a t" " 
>[anhattan, and tlie seveiitcen years' records of tlie 
State nniversity at  Lawrence. If tliese several periods 
of observatioil he divided into two eqnal parts, i n  
each casr it is foniid tliat the average rai~ifall of tlie 
secoiitl lialf is ~iotably greater than tliat of the first 
half. At  Fort 12iley the iircrease ainouirts to 3.03 
inches per ailnuin, ant1 a t  3Larlllnttan to 3.61 inches per 
annuin, and at La\vrence to 8.06 iaches per annuln. 
Expressed iri per cent, the railifall of these three sta- 
tions has illcreased in the second lialf of eacli period 
of obserl-atioli, a t  Fort Riley, tliirteen per cent; a t  
Xanliattan, twerlty per cent; and a t  Lawrelice, over 
i i i~le per cerll. If the increased rainfall could he 
siiowii by the records of a single station only, or if 
tlie several stations ~v i th  sufficiently long periods of 
observation exhibited discordant results (soiile indi- 
cating a decrease, wliile others indicate an  illcrease), 
or if even a single station indicated a cliniinishetl 
rail~fall, tlie fact of a general increase would laclr 
satisfactory demoilslratio~i. Bnt the entire agreement 
of the four stations mliose records have heen used i n  
a discussio~r of tliis questioil seems to establish be- 
yond doubt tlie fact of an illcreased rainfall in tiie 
eastern half of I<arisas. 

Tliere can be 110 reasonable doubt tliat the general 


