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V years ago it goo fort n to follo gr
at st nts a o rs of t r s pra ti al st y in n ra
Biology n r ir tion of rof ssor artin at ohns Hop
kins ni v rsity in that ti hav v r b strong y of
opinion that b ginn rs i n Biology sho l intro to
s bj t by so si ilar tho follo ng in ai

o tlin s ark by H xl y arti or than y ars
ago pr s nt or th s o s its origi to infl of
a thors of l ntar Biology p in bt n ss
ho grat f lly a kno l g
It has not b n bition pr par an xha stiv tr a

tis hav so gh only to l a b ginn rs i n biology fro
fa iliar fa ts a b tt r kno l g of l iving things
b i t th y s h as rig tly tak a pla in
g n ral ation or affor a basis for f rth r st i s in
n ral Biology o logy Botany hysiology or i in
It still an op n q stion h th r b ginn r sho l

logi al iffi lt o rs orking p ar s fro
pl to o l x or a opt asi r or
t o of orking o n ar s fro fa iliar h gh r for s

v ry t a h r of s bj t kno s gr at pra ti al
i ti s b s tting ovi provi for first ti
ith a o po n i ros op i s onfront ith ast roto
o s or ba on oth r han har it is sift
hat is g n ral ss ntial fro h t rog n o s tails

of a a a or flo ring plant hop of l ss ning
pra ti a iffi lti s of logi al tho v nt r to s b t
a o rs of pr li inary st y hi h hav s for so
ti ith lass s hav fo n pra ti al
ti v B li ving that biology sho l follo xa p of phys

h istry in is ssing at o ts t f n a ntal



prop rties of att r n rgy hav vot first fo
hapt rs an l ntary a o t of living att r vital

In hapt rs hi follo h s fa ts appli
by a fairly xha stiv st y of a r pr s ntativ plant ani al
of onsi rabl tho gh not xtr o pl xity tho hi
b li v affor s in a giv n ti a b tt r kno l g of ital

ph no na tha a q i r by or s p rfi ial st y of a
larg r n b r of for s satisfi that f r
arth or for this p rpos b st availabl organis s
that th ir st y a fr itf l int r sting la t
hapt r o pris s a bri f a o nt of prin ipl s o tlines
of lassifi ation as a g i s bs q nt st i s

ft r this intro tory st y st nt i ll ll
par to tak l organis s pass rapi ly
ov r gro n ov r by s h orks as H xl y artin s

Brooks s f
rth r Bar s o lt r s or s on
part of thi s book hi h i s ll han ill probably
r a y in o rs of follo ing y ar

ir tions for pra ti al st y int n s gg stions
not s bstit t s for in i vi al ort hav stri v n to ak

ork s f l as ll lass roo laboratory
to thi s hav in ro any ill strations g n r
of a fri n has nabl nlist skill of fri
a s H rton ra n ost of original

g r s fro nat r n r ir ti on hav al so b
gr atly ai in pr paration of the fig res by illia
la s of Boston

p r
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H T I

kno fro o on xp ri n that all at al thi gs
ith r or aliv or or a rat ly that al l att r

is ith r lif l ss or li ving far as kno li f xists
only as a anif station of l iving att r iving att r lif
l ss att r v ry h r totally istin t tho gh oft n os ly
asso iat ost ar f l st i s hav on hol
r isti n tion or l ar striking hav on

that living att r n v r aris s spontan o sly fro lif l ss
att r only thro gh i iat infl n of living
alr a y xisting so hat v r hav b n

at an arli r p rio of arth s hi story at pr s nt j sti
in r gar i g in b t n li ving if ss att r as
of ost l arly fin r arkabl of nat ral bo n

ontrast b t n li v ng att r lif l ss att r a
gro n for a ivision of nat ral s i n s into orr

gro ps i l a i i
aling i h li ing att r lif l ss att r
biologi al s i n s p kno n oll tiv ly

l hi h is th r for ft n
fin as i n of lif of li ving things or of living

li ing att r as il l shortly app ar is o ly or inary
att hi h has nt r into a p liar stat or on iti on
h n biology or pr i s ly fin as

R t i t i i l tt r
ltho g iving att r li f l ss att r pr s nt this r ark
abl ontrast anoth r th y ost inti at ly r lat as
a o nt s r fl tion ill sho livi g s bstan of
h an bo y or of any ani al or plant is only tran sfor
l f l ss at r of foo hi h has b n tak n into bo

  1



there ss for a ti l i ving stat if l
in shap foo i s ontin ally str a ing into al l li ving

things on han passing agai as ast
oth r In its jo rn y thro gh organis so of this
n t rs into living stat ling rs for a ti as part of
bo ily s bst n soon r or lat r i t s i s th n for
ost part ast bo y tho gh a part r tain

ithin i t ith r as an a latio of ast at rial or s rv
so s f l p rpos att r th s pass fro lif l ss
in to li ving stat ba k again to lif l ss ov r ov r
in n v r n ing y l s li ving plan or a i a lik a hir
pool into hi h of hi h att r is onstan tly str a
ing hil hirlpool aintains hara t risti for
in i vi ality

th n is l iving att r i r nt fro li f l ss att r
q stion nnot f lly ans r by h i al analysi s for
r ason that thi s pro ss n ss rily kil s li ving att r

pp l r phi p ri ivi r i hi
p l Z pp

h vi li ht v l th t p
ri i pp i p rti r i r h r

tt r t r h p r i
rt f hi h rt i t ri l p ti v r hi h th

v ti fr hi h th ft r i
t p r l l t hirlp l tr i i i hi h

ft r t triki hir p p r t
p rti t r hi h t t t it i t h i h

hi h t r i t i hir r t p r ri tit t
p rt i ivi l t th l v it th r i th ir pl

r
h h v rf l hirlp thr il l ll
i r i l v f r tt h p v hi h t l

t v r i t r t r h r ift tr h rr i
fr p l k t r t r k t ri

v r h f t r r t thi v vi
ppr t p ith r f r t ri
p t fr i it pp r t t r
t r i it t pi pr i i ti i p
r t ift r h t ri p rti

ith pp t ithi i
p k ivi r h th t it th

t t f r i r t r t ri l h
t t fl i i t r i tr i
th r



r s lts th r for t a h littl of h i al on i tions i s
ing in att r h n aliv nalys s n v r h l ss bring
light s v ral highly i portant fa ts It app ars that l ving
is a to rably finit o po n of a n b r of h i al

l nts i t i s probably an sti at say that at
l ast six l nts st nit or r that lif xist or
ov r only ry of all l nts ab n r any
ir stan s for thi s l i ving partn rship

ost signifi ant fa t ho v r i s that h r i s los
of ight h living att r i s ki l total ight of
lif l ss pro ts is xa tly q al ight of living
stan analyz if anything has s ap at ath it i s
pon rabl having ight i s not at rial It follo
that li v ng att ontain s no at rial s bstan p li ar
its lf that v ry l t fo n li ving att r
fo n a so n r oth r i r stan s in lif l ss att r

onsi rations lik th s l a r ogniz a f n a nta
fa t na ly that t r s living lif l ss signat

or of att r kno
pr s nt hat a s s this iff r n of on ition far

v n sho s li ing stat i s n v r ass x pt
n r infl n of ant nt l ving att r hi h
sp ak inf ts lif l ss att r so a s s i t to ass
li ving stat
t r rt iv att r Thos prop rti s

living att r hi h tak tog th r isting ish it absol t l
fro v ry for of lif l ss tt r

Its h i al o posi tion
Its po r of ast r pa r of gro th
Its po r of r pro tion
i ving att r nvariably ontain s s bstan s kno n

r t i hi h b i v onstit t ss ntial at rial
asi s p rot i s o p x o po n s of arbon
xyg n Hy rog n itrog n lph r in so as s
any rat hosphor s

fr q tl i t that a h th s l ts
r k s i r s i i p rs
itr h l i rt a r i ts r l l r il
r s lph r ph ph r s th ir al tr pi r rti s
th p i riti s h si ifi h



as attri t s ivin att r r rt r
i

It ho v r r pr s n of prot i s hi h
hara t risti of living att r hit alb n
ains an ab n an of a typi al prot i i s a sol t ly lif
l ss i ving att r o s si ply ontai prot i s has

f of oth r s bstan s
this i s a prop rty of li ving att r x l siv ly

po rs of living att r still or hara t risti It
asting a ay by a kin of int rnal o b stion

ontin al ly r pairs ast by pro ss s of gro th
or ov r this gro th of a hara t risti kin iff ring
fro all gro th of lif l ss hings rystals

oth r l i l ss bo i s gro if at all by or a ition
of parti l s o tsi iving att r gro s fro ithi
by or taki g in parti l s fitting th
into int rsti s b t n thos alr y pr s t th ro gho t

hol ass lastly l iving att r only th s r airs
its st also giv s ri s by r pro tion ass s
of li ving att r hi h b o ta h fro par nt ass

nt r forth ith pon an in p n t xist n
p r iv xtraor inary th s prop rti s by

s pposing a lo o otiv ngin poss ss lik po rs arry
on a pro ss s lf r pair i n or r o p n sat for ar gro
in r as i n siz ta hing fro its lf at int rvals pi s of

brass or i ron n o ith po r of gro ing st st p
nto oth r lo o oti v s apabl of r nning th s l v s of
pro ing lo o oti v s i n th ir t rn r is ly t s things

on by v ry living thing nothing any gr
parabl i th th tak s pla in lif l ss orl

l v t st t t t t i i tiv pr p rti s
l vi tt r f ll

tai i as it i varia l s
r f r s pl p r h r

tr ll pr t i hi h v r t i pt
pr t livi i s it ith l r pr p rti t r
f r i hi f tit t s t hi h ri ar
st t is k pr t pl s

r ss



G

ast r s lti fr p siti l l s pr
virt hi h th r k i t r hi hl i pr ts
hi h s f r p rt livi is sta t it t
lif h r is r s i v th t r i a i is al s

th s st pr ts hil th rs t i r i r
itr h r th r l ts hi h t r

i t p i i
tt r t k k this st t l ss is ith r

r f r pr t pl s i t ri l s ppli s th r livi i
it sists l ts pr t p s it t th r si pl r
i ti s hi h st tl h v ilt i t pr t pl s

livi tt r its lf ith r as ti
l s th s hi h lr ist t k s pl s rf
livi ss i t rp siti t i ti l l s
l t t r pr s i i t r ti r str ti hi

h r t ri lif l th r si ss livi tt
r i s st ti r hil if str tiv pr s is r r pi
l vi i r as s hi h tit t s r t

is r s lt pr s l l r i t s s pti th r f r i r
lt th r fr pr ss r t r ti hi h
s rv r st l is t p r l t r l iti
tt r h t ll k ph ris i s r
r ppli s t s si ifi s t t ll i r t pr ss fr h
is ll r th pl ts i als

r i r rs
t r livi tt r pr fr isti livi tt r

p rti l t r i t h a q iri i p t
f r t k s h r t rs ha t fr hi h it

ar s hi its p r pr p ati its lf s
sh t s r lik pr s r as s liv is
s lv i t r hi hl i at p s its l s

h s i ivi l livi l t tl h i its
st its i f r r i ti l ifi ti

hi h th th t i ivi l ti i
ki i r t h t p rti s hi h t

thr h l f r s p r t f r s tt r
hi h ith r livi h v riv fr li i tt r
hi it th th r pr p r i s ppr h rk

fi r thir h s
i l iii p

on rning i al o positi on living att r its
signifi an a onsi rations sho l born in in For
p r os s biologi al st y lif st r gar as a prop
of a rtain kin of o po n att r

r rt p r



for to r gar prop rti s of o po n s as r s ltants of
prop rti s of th ir onstit nt l nts v n tho gh
l i agin s h a onn tio xists i n

ong hav to fal l ba k pon prop rti s of arbon
y rog n nitrog n oxyg n for prop rti s of li ving
a t r fl tions of this sort sho ignorant of
r al prop rti s of l nts i portant f rth r st y
of th i s

It a not o bt that iving for of
att r lon anif sts ph no na of ons io sn ss it
g n rally b li v to xist to any gr at xt nt x pt in

h gh r for s of ani al lif B a s of p r y s bj tiv
nat r of ons io sn ss i t i s i possi to sav ith absol t
ain ty h th r ni als oth r than o rs lv s r ally ons o s

any of a tions o only s ppos in i at
si ly r fl x a tions v n in o rs l v s

kno th r for i ly ons io sn ss istrib t
ong living things tho gh th r n o r ason s ppos that

plants poss ss it Th r i s vi n ho v r that i t xists
iff r nt gr s of in t nsity a o g ani a s k ping pa a
n ral i th o nt of organization hi h th
bibit s a i ng into si pl r n rvo s on i t ons
no na of ons io sn ss n o bt ly l ast n rstoo
of al l biologi al probl s Fro s i ntifi point of vi it
app ars at pr s nt i possibl to transl t th nto t r s
of physi al ph no a tho gh th y not kno n o r
apart fro a living at rial basis i th hi h th y app ar
in so los ly onn t

i l Bio ogy has alr a y b n fin as
i n hi h tr ats of att r in li ving stat hat v r
tain s l ving att r or to li ving things p rtains to biology
st y of for s of iving thi gs th i r habits a tions

s rro n ings istrib tion of th i r r lation s lif
or noth r of th ir s nsations so ial
th ir origin th ir fat th s any oth r topi s

r p q ti h th r r h i r
v r pr t i i h thi h rt
i r h iv p tiv r th t h i p
i p



OPE OLOG

wit in province of biology The science incl des bot
zo logy and botany dealing w i t pheno ena of ani al
and vegetal life not only separately their relati on s to one
anot er The ter r does not designate a par

e ber of gro p of biological sci ences only
a convenient phrase which has recently co e into for the
general in trod ctory st dy biology It incl des a
tion of the general properties of l i ving atter as revealed in
str ct res and actions li ving things and serve as the
basis s bseq ent st dy of ore special branches of the
cience It deals w it the broad characte i stic pheno ena and
laws of life they are ill strated by the t oro g co para
tive st dy of a series of plants and ani als taken as

types in this st dy the st dent sho ld never
lose sight of the fact that all varied pheno ena w ic
co e nder observatio are the last analysis

and t at t i s atter and
these properties are real oal of s dy

The field covered by biology as th s
nderstood i s wide as necessitate a s bdivi sion of the s bject
into a n ber of branc es which are s ally assi ned rank of
d istinct sciences They are arranged i n a tab ar view on p
The table shows two d i erent ways of d ivid ing the ain s bject
accord ing as table is read fro left rig t or
cording to ore s al arran e en t biology is pri arily d i vided
into zo logy and botany accord ing ani als pla ts

for the s bject of st dy c a d ivi sion has the great
advantage of practica con venience since as a atter of fact ost
biolo ists devote their attentio ain ly eit er to plants alone or
to a i als alone Fro a scien tific point of ew however a better
s b ivi si on i s into
and The for er
based pon facts of for str ct re and arrange ent and
is essentially statical latter pon those of action or f nction
and is essentially d na ical orphology and physiology are
so inti ately related that it i s i possible to sep rate either s bject
absol tely fro the ot er
Besides the sci ences gi ven pon the table a d istinct bra ch

called often reco nized having for its object the in
of the ca ses of biol ogical pheno ena the



The
scie ce
of li i g
thi gs
of

atter
the li i g
tate

r l

The scie ce
for

structure
et c
sse tial l
statical

l
The scie ce
of act o or
fu ctio
sse tial l
a ical

N

The scie ce of strue
ture the ter ei
usual l app lie to the
coarser ore

co positio of
p la ts or a i als

icroscop ical a a t
The u l ti ate

optical a al sis of
structu e the
of the icroscope
separate fro a at

o l as a
ter of co e ie ce

The classi catio of
l i i g thi gs ase
chie phe o
of struct re

The scie ce of e elop
e t fro the ger
clu es a
pro le s pertai
oth to orphol
ph siolog

prese t largel
orphological

The special scie ce of
the fu ctio s of the
i i i ual health

isease he ce
i clu

The scie ce of e tal
phe o e a

The scie ce of social
l ife the l i e of
co u ities
er or of lo er
a i als

The scie ce
of egetal
li i g
atter or
p la ts

The scie ce
of a i al
li i g
atter or

i
The
scie ce
of li g
thi gs
of

atter
the li i g
state

r
the positio

of li g th i gs
space ti e
istri utio o er the
prese t face of the
earth their

succes
sio at for er

as isp la e
fossi l re ai s



EN E

scien tific st dy of every pheno enon for its ti ate object
the di scovery of its ca se tiology therefore inseparable
fro any of the severa branches of biology and ca not properly
be assigned an independent place

and are not yet generally ad i tted
constit te branches of biology and i t is c sto ary and con

set the apart fro i t progress of these sci
clearly shown ho ever that their st dy is inseparable

fro t at of biology the ord inary sense
It wi l be observed the sche e that orpho ogy and p ysi

olog overlap that is t ere are certai biological sciences in
whic the st dy of str ct re and of actio cannot be separated
T is i s especially tr e of e bryology which considers

sta es of e bryonic str ct re and also the odes of
actio by w ich t ey are prod ced And finally it st not be
forgotte that any partic lar arrange ent of the biol ogical sci

st be the ai a atter of con venience only for it i s
i possible st dy one order of p eno ena co plete
lation fro all ot ers
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HA TE II

i tt r i ince
own bodies and t ose of lower ani als and of plants are
posed of atter it ig t be s pposed fro what has been said
in the last c apter that they are co posed of living atter
This however tr e only in part It i s strictly tr e that every
plant or an i al contains living atter a little reflection w il l
Sho that it contains lifeless atter also In the h an body
ifeless atter i s fo nd i n the airs the ends of the nails and
the o ter layers of the skin str ct res which are not si ply de
void feeling as e ery knows the to be are really
li feless in every sense altho g for ing part of a liv ng body

is lifeless atter co fined to the exterior of body The
ineral atter of the bones is al i ve and thi s i s tr e tho g
less obvi o sly of any other parts s ch as liq id basi s of
the blood or plas a the fat which is never wholly absent
vario s other for s of atter occ rring in any parts of
body
In lower ani als exa ples of t is tr t occ r on every and

The calcareo s shel ls of ani als like snai l and the oyster
the skeletons of corals and sponges the hard o ter cr st of
sects lobsters and related ani als the scales of reptiles

feat ers claws and beaks of bird s the of ani al s
these are a few of the co ntless insta ces of str ct res co pose
wholly or part of lifel ess atter hich nevertheless enter into
co position of li ving ani als
A ong plants like facts are even ore conspic o s one
do bt that the o ter bark of an oak is devoid of life The

heart wood of a tree i s enti rely dea eve in the called
l ve wood thro g which the sap flows on ly i s the solid part
of the wood l ifeless also the sap itself
In short it i s a general tr th that the l vin atter of plants

and ani als is al ost i nvariably associated with lifeless atter



O O N L V NG O G N

and t erefore first step be taken in the st dy biology
exa ine atter of a l iving organi s i s arranged

T is be done conveniently by a preli inary st dy of

ter Sachs o git i al sectio through the gro i g ape of a ou g pi e
shoot The otte po tio represe ts the protoplas the arro l es ei g the par
titio alls co pose of cel lu lose H igh ag e

general co position of living organi s s eaving con sider
ation for the present the lowes si plest for s and con

only t ose ore ighly organized plants and ani al
w ic are i n a greater or less degree fa iliar every one

FIG Cross sectio through part of the ou g leaf of a fer i sho i g
thic alle cells ost of the alls are ou le The gra ular su sta ce protoplas
Most of the co tai a large ce tral ca it acuole lle ith sap the prot plas
ha i g ee re uce to a thi la er i si e the partitio s Nuclei are sho so e of
the cells li eless grai s of starch others uclei starch acuole ou l
partitio al l

r a i r a t It is c ar cteristi
of any livin body for exa ple a rabbi t or a gerani that i t
i s co posed of nlike parts hose str ct re enables the



O G N N ON E NE

erfor vario s operations essential or accessory the life of
the whole The plan t has ste roots bra ches leaves sta en
pistil seeds etc the ani al has externally head tr nk li bs
eyes ears etc and i ternally sto ach intestines liver l ngs
heart brain and any other parts having the ost diverse str
t res These parts are known as and the living body is
called an beca se possesses the

r rga is as h r ppl s ly high r a i als
pla t l s s u l that th r f r s l if
pl that rga as h r sc rc ly ist gu sh
t ly a ti g uch l v g thi gs v rth l ss ca l l rga is s

caus ist c iff r parts wh h a alog s f cti
rga s pla ts a i als

ince organis s are co posed of nlike parts they are said
to be heterogeneo s in str ct re They also heterogeneo s
in acti on the different organ s perfor in d ifferent perat ons
called For instan ce
it i s the f nction of the sto ac
to d igest food of the eart
p p the blood into the vessels
of the kidneys excrete waste
atters fro the blood and of
the brain to d irect the f nction s of
other organs A si i lar di versity
of f n ctions exi sts in plants
The roots old the plant fast
and absorb vario s s bstances
fro soil the ste s pports t r Sachs Cross sectio

th ough a group of ea thic al ethe leaves and flowers and oo cells fro the ste of ai e The
d cts the sap the leaves breathe o l ater High l

and elaborate portion s of the food
ag i e

and the reprod cti ve organs of the flower serve to for and bring
to at rity seeds destined give rise to a generation
Heterogeneity of the kind j st indicated i s one of the ost

characteristic feat res of li vin things and i s not known any
ass of lifeless atter however lar e and co plex
r f r t at In the next place

it i s be observed that the or an s the selves when f lly for ed
are not ho ogeneo s are in t rn ade of differe t parts
The h an hand i s an or an which consists of ny parts diffe


