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much, a t  least, for mental discipline and culture as for 
their practical usefulness. Of the importance of thorough 
discipline in the English language and literature, history, 
logic and political economy i t  is not necessary to speak. 
Determinative mineralogy irlay be provicled lor in the 
second or third Fear. Courses in agricultural or pllarma- 
ceutical chemistry, or in other special fields, shoultl differ 
in the details of the third and fourth years from the 
course outlined above. 

I n  college and university courses, tl~eoreticnl chemistrj 
and chenlical literature receive more attention, arid in 
general less attention is given to practical applications. I 
do not accept the idea son~etiriies espressecl. that original 
investigation should not be atteirlpted outside of the nni- 
versity. TfTe are all too well aware of the  difficulties in the 
way of carrying on special study in connection nit11 the 
responsibility of undergracluate courses; and yet L air1 
sure we appreciate the influence of such TJ ork rn the at-
mosphere of the laboratory, as well as upon the instructor 
himself. Then there are alwaxs in the laborator1 brigllt 
students who are able to undertake with profit the study 
of special problems. As a part of the preparation for 
teaching I look upon a certain acquaintance -\\it11 the 
methods of original research as an essential attainment; 
I donot intencl to assert that ~ ~ i t h o u t  it there can be no 
good teachers, but  it certainly strengthens the equipment 
of a teacher who aspires to a high position. 

Earlier in this paper I endeavoreel to give an olltline of 
what seen1 to be the principal objects to be kept in view 
in teaclling cllenlistry as an educational subject. Stu-
dents continue in chenllstrr m-it11 the intention of secur-
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ing professional enlployment either in t ea~hing  or in ap-
plied chemistry. How often are we nlet with the ques-
tion as to what is the prospect of emplonlent after gracl- 
uation; whether the inducenlents are more pronlisi~ig in 
teaching or in practical fielcls. Concerning teacliing as 
a profession, the reply is easy: a person x i th  an aptitude 
for teaching and with broacl training has little difficulty 
in securing a position commensurate with his attain-
ments, especially at  present, with the 17-onderful extension 
of our eclucational institutions. But the number of posi-
tions is lirnited ancl there are few vacancies; if tlley lvere 
abundant not all persons, even wit11 tlle best possible 
preparation, ~7 ould succeecl in teaching chemistry. I n  
applied chemistry the conditions are not the same. K i t h  
our enornlous stores of natural p1.oducts yet uitdeveloped, 
vigorous enterprise in business operations ancl great in-
dustrial nealth, there cannot fall to be rapid develop-
ments in the fields of manufacturing chemistry. \17ithin 
the ten years just elapsecl we have witnessed great 
changes; manufacturers xho, ten years ago, conducted 
their operations almost n7ithout the aid of clleniical skill, 
no\\- employ several chemists. Eight years ago I visitecl 
a large plant for the manufacture of sulphuric acid, which 
contained neither a Glover nor a Gal Lussac tower. Fur- 
ther improvements, which are necesskr. for the produc- 
tion at home of the chemical proclucts that are no\\- im- 
ported in large quantities, require broad clualifications 
with extended experience; if our graduates are not sufli-
ciently well trained chemists will be secured else\\ here. 

If there are portions of the educational field in chenlis- 
try ~7 hich appeal to us \\-it11 greater force tllail others, 
perhaps the elementary teaching in the secontlary schools 
and the advancecl study in preparation for teaching or 
for positions requiring independent sliill and originality 
in methods are woitlly of attention. The recent growth 
of knowledge mitllin special fielcls has introclucetl nev, 
features into nletllods of instruction. i n  addition to 
courses which are adapted for all stuclents, those IT-110 in- 
tend to undertake investigations in any particular clirec-
tion should have training under the gnidance of a special- 

ist in that field. There are many econornic probleriis of 
the ut~llost importance :~rvaitirlg solution, \rhich retluire 
not only the applicatioil of all acculilulatecl linox-ledge, 
but tile cliscovery of new n~etliuds. The maintenance of 
a healtllful water supply allel the econoinic c1ispos:~l of 
sewnge are serious prol)lc*iils for the present generirtiol~. 
and the engineer ~ l m s t  be aidecl by the best skill of the 
chemist antl of the bac~teriologist. 

Kverx laborer is clirectly lllterested in the l,romotion of 
investigations on an econonlic ancl healthful fooil sul111ly. 
To the great arin>- of workmen 37-ho are strugg1i:lg t < ~  
support fariiilies on incor~ies of three or four lluntlreii 
do l la~sn xe:lr it is a lilatter of serious importance t,o se-
cure the best irutrition at  tlle sr~iallest cost. l e t  i t  is 
rareiy, if ever, that :L juclicious selection of food niateriiils 
recei7-es attention; it is usually a question of inc1ividn:il 
taste, so far as the means at  llaud will pernlit, with a coill-
plete ignorance of alq- principles of econolily or lic.altir. 
I n  these directions i~nt! otl~ers of no less irnportarlce t!le~e 
are great opportunitic~s in the dor~iairi of sanitary cllelii-
istry to render incsti:~lal~lc i!e~~eiitsto huriianity. 

T\'h:it. has been wid elf sailitarx clienlistry applies \:-it!l 
~(1~211 t.llen~istry, agricultural chci~iis- force to rile(li~'i11 to 
try and to ot l~er  spet:i:~l fields. But 1 feel sure that tl:e 
det:iils of methods of iustruction, as well as a considera. 
tion of u!ethocls base11 011 other recent cliscoveries, sucli 
as the use of u!cdels in teaching stl.uctural chemistry, can 
best forin m part of the general tiiacussion l ~ y  te:aclle~s 
who are especially occnl~ied in tllo;.;e particular iiel(1.s. 
Perhaps, also, the great border Inntl 1)clt~vecn chemistry 
anc! p l ~ ~ s i c s ,  or clieii~ii.al physics, should receive atterrtiou 
froill those whose irlrestigations are extendi~ig our con-
ceptions of the funti:aulental principles of chemistry. 

If I have prese~ltctl this subject nlore especiallj- frcril 
the standpoint of the 1)iepnration for professional occu-
pation, it is because this seems to be the principal ite-
mantl for instructiou in cllemistrj- beyond tlle elementary 
brancalles. But if tllc value of  training in cllenlistr~ as n 
factor in liberal education has not l~een  set forth with 
due l~onlinence, i t  s:lonltl rcx*eire just consiileratiolr in 
tlle disoussion n-hie11 i'ol!o\vs. I have not attempted in 
this paper to inti1~i1.o metllcits or conditions outsitl(. (if 

our o\\-n institutioris; >-et n7c1c::nnot l':ril t,o t!eri\-e 2re::i 
benctit in estendiilg o n 1  Buo\~leclge of the iuetllotl~ ill 
other inst,itutio~ls tllrougl~ the ellliuent 11rc)fessors \ \- i t l~ 

hakc~or~ iof the silt ioirt~, appalently, a large p ~ l t  of s 
the ininor contributi-)nb to journ:~ls of natiiial l11.-t01> 
The iact that xo nlnli? itot,ics 21n\ e beer1 1)ilbhihetl : , I I ~ I  
the h0pe that the fullo\~iug nril rnterest iorue stutlt ! I T  o f  

the psgchologlc~al 1i:ti 11t5 of ai~ts,  encourage iiie to I t i'ite 
t n o  obser~ations or l i i j  own upon thr l)ch,~vioioi tlit. 
large Toad or Fitllo\\ mit ( ( i t / f i r ( ( i r  I c ! / ~ i  JJll!rii) of ic,i~tli- 
eastern Nass:~chusc t t i  

TI lule examininq tllc~ satit15 of Ho1ie ?;eclL lieach, 01~11o- 
site TITestpolt i'orl~t li:~ss., (,I: .;uiy PTith, lS!I:l, I h:~tlI?!) 

attention calleil tc. n I,llge \ \ i i~ged ant, xitll a terl,;lsll 
bron n heat1 antl l)rotllol:lx ant1 lilacli abclonlen, 7%ilicl~ 
started tcr run :in ay I'lonl a sllell on ~7 hich 111:~cl t~.odtlnl 
I stepped back n pap<,, :+hc~n the nnt, pcrcei~inp, mc, l ~ e -  
gan to apl~rottch. I T l ~ c ~ u  tothis nlo~erncnt I colltin~~ctl 
retreat in order to ;:c t out of her n n l ,  l)nt tincllng tliii t 
the ciei~ture still I)::] il~ecl me, I \I as led to see ho\r I:,: 
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the ant would continue the pursuit. Between the water's After rains, the ants may be seen bringing these objects 
edge and the dry sand of the upper beach was a strip of up out of the peripheral holes of a hill and placing them 
wet sand soille fifty feet wide and gently sloping. O ~ e r  on the dome to dry. It would be interesting to note 
this area the ant followed me mith strange persistence, 
1~0thwith and against the strong southwest wind then 
blowing. Not o i ly  would she follow me up on succes-
sively drier and firnlel- sand to the edge of dry sand, but 
backVagain to the water's edge, so that once she was over- 

the swash a small surf. The ant follomreil 
readily at  a distance of three feet without regard to the 
direction of the wind, but, at  a distance of six or more 
feet, entirely lost the trail. This circumstance, with the 
additional one that when I walked in a circle she would 
leave my footsteps and take a direct path ton~ards me, 
shows that she was guided by sight rather than by the 
sense of smell. 

\\-hen allowed to come up to l-ne, the ant crawlecl. under 
the shadow of my shoe and rested on the sand, and once 
crawled over the uppers, but returned to the space for-
ward of the heel. \$'hen led to the dry sand she would 
cease to follow, and woulcl begin to care for her chitin. 
I n  the course of the few minutes 1 gave to watching her, 
the ant folloived me upwards of two hundrecl feat on the 
wet sand of the beach. 

The difference in the behavior of this ant on the wet 
and dry sand seems to afford a clue to its mental proc- 
esses. I t  seexs to nie probable that the ant had a sense 
of peril in its position on the wet sand, which was liilblo 
to be overrun by the sea, and that she turned to~vard me 
a,s she would have to a tree, or other high object, as a 
means of escape. 

A more striking instance of intelligence in  the same 
species of ants fell under my observation upon the island 
of PITartmha'sVineyard. These ants here, as elsewhere, 
build hills from one to three or more feet in height, The 
singular activity of the creatures, when disturbed, often 
led me to offer slight provocations to the occupants of 
one of these hills. On the occasion which 1am about to 
describe, a number of worlrers mere running back and 
forth oyer the summit of a hill, when I spat 013 it. At 
once the ants nearest the objectionable meteorite rushed 
towards it, and with their antenna made an examination. 
These workers then ran a little distance away, picked up 
each a large grain of sand coated mith a yellowis11 clayey 
film, and carrying it to the edge of the liquid, threw the 
pellet hastily in. This process, engaged in by at  least a 
dozen ants, soon resulted in filling up the little pool. As 
these clayey pellets were thro~vn into the liquid they 
changed color through the absorption of the water by 
the clay. The absorption of the spittle by the pellets 
mas evidently not yet coml~lete, when all but one of the 
ants went abollt their customary Wdks. %his solitary 
sentinel placed a pellet on the little heap and n~atched i t  
soak up water, the pellet changing, as it did so, its yellow- 
i ih  color for a slaty hue. Another pellet ~ 7 - a ~  brought up  
and piled on as the others had been, b-ut the Process of 
absorption was now complete, and this last grain did not 
change color. The ant stood off at  a distance of about 
half an inch from the grain he had depositeci, intently 
watching the effect of his labors. When after a few see-
onds i t  mas to be observed that the last grain was not 
affected by moisture, this ant turnecl abruptly away and 
joined his fellows, and no inore attention was given to 
the object which had caused then1 so much concern. 

The obvious effect of this applioation of clayey pellets 
was to prevent the moisture from penetrating through 
the roof of the ant hi11 into the cavities beneath. This 
was a clear case of stopping a leak, and that these ants 
know the value of sandy clay AS an absorbent seems fur-
ther illustrated by the jrecl;ency with which these clay-
coated grains of sand are distributed about their hills. 

whether or not dry pellets are taken below to serve as 
sponges in drying their underground rooms. 

L~~~~~ aBXTLBUENme assure YITou: - ~ ~ t  that I anl 
not unl~lindful of the favor shown in electing me to open 
this ~ ~ t congress~ ~ ~ t i ~ ~ ~ l~ of ~ ; ~ s l ~ ~ i ~ t ~ ,  

~hi~t. years llave nearly since I had the pleas- 
ure-aia tilen resident of this bustling cityof chicago-
of listening to a series of lectures on zoi-jlogy by ~~~i~ 
iqgaasiz, as I recall tile popuiarinterest and enthu- 
siasm the great master inspired, and the singular 
activity and devotion of Icennicott, Stimpson an& others of 
chicagojs earlier zogogists, Iam lecltohope for 
of that early spirit and enthusiasm as a result of your 
meetinghere. 

zotjlogy, but a few years back, dealt tile 
habits, structure and classification of animals, and 
lveighted With tTVoprevalent fallacieswhich theology had 
so impressed on the llunlan ~h~~~were: 
the Biblical idea of the creation of organisms as they now 

and their consequentfixity and tllc holvoistic notion 
that man was, in pllysical as well as psychical endom,ment, 
apartfrom, a,ld llot partof, +,he restof the animal ,yorld. 
ne:eass?d frola the oppressive incubus of these long-cher- 
ished feticlles, zoology has, Lpdring the past quarter of a 
century, bounded into the front rank of the sciences, 
with so many of which she is so int,i~i~ately bound. 


~ ~and ~ ~ i ~ ~ ~ -
by the searclz-light of ~ ~ ~ l ~ t i ~ ~ ,  
mhiclr reveals andl intelligent so llluch that \\-as hid- 
den or unmeaning before, zoijlogy lead bey sister 

in si;itdy of tile genesis of life upon our planet, 
in past or present time. ~ ~ i t hthe induction of 

the ,,ity of all psychic phenomena and the conviction 
illat tilese are inseparable from aniillal organization, i t  is 
ller lllission to give rational axlslanatioa of the subtlest of 
such pheaomeua and to check the vagaries which exist as 
to their abnornlal for even anlong lower 
anilnals there are senses and sense-organs not yet under- 
stood by us, ,i.llile some have developed a tele- 
pathy rnhicll, in its power and easg of demonstration, 
may well astonish tllose wllo hayc llitherto coafiaecltheir 
investigations to man. 

Deeper study of electricity, as exenlplified in the 
world, may help the electrician to a better understanding 
of the nature of that force, the application of 

to the affairs of civilized mall has made gi-
gantic strides of late: while animal phosphorescence may yet 
illullliae, when better unclerstood, the path of the llhy- 
sicist in his inrestigatious of the of light. 
alinlal lnecllanics, as exllibited in flight, may hold the 
solution of practical wllicll prolnises to cap the 
marvelous and momentous discoveries of the century; 
while to the illventortlley are pregnant with yet 
and unthoUght-of suggestions. 

~ hbrancht of zoi-jlogy concerns the interrela- ~ wllicll 
tious and interactions of animals is not only fascinating 
to the philosophic student, but llas a most ilnportant 
economic bearing, especially to those engaged in agricul- 
tural and horticultural pursuits. 

But the subject which just now seems to be receiving 
most frolll zoBlogists, is heredity, and the cog-
natequestion \vhich has divided us illto two opposing 
camps, as to or not characters and functions ac- 
quired during the lifetime of the individual are trans- 

*Remarks  made at  t he  opening of t he  International Zoological Congress, 

Chicago, August  19,1893, b y  Dr. C .  V. Riley o f  Washington, D. C., as Honor-

ary Chairman. 



