
Public Domain

Th
e 

C
ha

in
 o

f B
ei

ng
 a

nd
 a

 N
ew

 T
ax

on
om

y

In
 th

e 
17

00
s,

 C
ha

rle
s B

on
ne

t, 
a 

Sw
iss

 n
at

ur
al

ist
 

w
ho

 st
ud

ie
d 

pl
an

ts
 a

nd
 a

ni
m

al
s,

 o
rg

an
ize

d 
th

e 
na

tu
ra

l w
or

ld
 in

 a
 la

dd
er

-li
ke

 h
ie

ra
rc

hy
 th

at
 

re
fle

ct
ed

 c
om

m
on

 th
ou

gh
t a

t t
he

 ti
m

e.

Bo
nn

et
 b

el
ie

ve
d 

th
at

 a
 d

iv
in

e 
Be

in
g 

cr
ea

te
d 

m
at

er
ia

ls 
th

at
 p

ro
gr

es
se

d 
by

 th
ei

r o
w

n 
fo

rc
e 

in
to

 in
cr

ea
sin

gl
y 

co
m

pl
ex

 st
ag

es
 o

f e
xi

st
en

ce
. 

W
ritt

en
 in

 F
re

nc
h,

 h
is 

17
45

 il
lu

st
ra

tio
n 

of
 th

e 
Ch

ai
n 

of
 B

ei
ng

 (s
ho

w
n 

to
 th

e 
rig

ht
) l

ist
s s

ev
er

al
 

st
ag

es
 o

f e
xi

st
en

ce
: fi

re
, a

ir,
 w

at
er

, l
an

d,
 su

lfu
r, 

m
et

al
s,

 sa
lts

, s
to

ne
s,

 p
la

nt
s,

 in
se

ct
s,

 sh
el

ls,
 

se
rp

en
ts

, fi
sh

, f
ow

l, 
qu

ad
ru

pe
ds

, a
nd

 h
um

an
s.

Ho
w

ev
er

, o
th

er
 e

ar
ly

 sc
ie

nti
st

s i
n 

th
e 

m
id

 
17

00
s w

er
e 

or
ga

ni
zin

g 
lif

e 
in

 a
 w

ay
 th

at
 w

as
 

ba
se

d 
so

le
ly

 o
n 

ob
se

rv
ab

le
 tr

ai
ts

 ra
th

er
 

th
an

 p
hi

lo
so

ph
y.

 T
he

y 
w

er
e 

co
nc

er
ne

d 
w

ith
 

cr
ea

tin
g 

a 
ne

w
 ta

xo
no

m
y, 

or
 th

e 
de

fin
in

g 
an

d 
na

m
in

g 
of

 g
ro

up
s o

f o
rg

an
ism

s b
as

ed
 o

n 
sh

ar
ed

 c
ha

ra
ct

er
isti

cs
.

Im
ag

in
e 

th
at

 y
ou

 a
re

 a
 b

io
lo

gi
st

 in
 1

73
5 

w
ho

 a
do

pt
s t

hi
s n

ew
 ta

xo
no

m
y.

 T
he

 c
ar

ds
 

re
pr

es
en

t t
he

 ty
pe

s o
f o

rg
an

ism
s y

ou
 c

ou
ld

 
ha

ve
 o

bs
er

ve
d 

at
 th

e 
tim

e.
 H

ow
 w

ou
ld

 y
ou

 
gr

ou
p 

th
es

e 
or

ga
ni

sm
s?

 U
se

 th
e 

ca
rd

s t
o 

de
ve

lo
p 

a 
ta

xo
no

m
ic

 m
od

el
 th

at
 o

rg
an

ize
s 

th
es

e 
liv

in
g 

th
in

gs
.

Le
eu

w
en

ho
ek

’s 
“A

ni
m

al
cu

le
s”

In
 1

67
4,

 A
nt

on
ie

 v
an

 L
ee

uw
en

ho
ek

 se
nt

 to
 th

e 
Ro

ya
l S

oc
ie

ty
 o

f 
Lo

nd
on

 th
e 

fir
st

 e
ve

r o
bs

er
va

tio
ns

 o
f m

ic
ro

sc
op

ic
 si

ng
le

-c
el

le
d 

or
ga

ni
sm

s.
 In

 o
ne

 o
f h

is 
m

an
y 

le
tte

rs
, h

e 
w

ro
te

 a
bo

ut
 th

e 
pl

aq
ue

 
be

tw
ee

n 
pe

op
le

s’
 te

et
h:

“I
 th

en
 m

os
t a

lw
ay

s s
aw

, w
ith

 g
re

at
 

w
on

de
r, 

th
at

 in
 th

e 
sa

id
 m

att
er

 
th

er
e 

w
er

e 
m

an
y 

ve
ry

 li
tt

le
 li

vi
ng

 
an

im
al

cu
le

s,
 v

er
y 

pr
etti

ly
 a

-m
ov

in
g.

 
Th

e 
bi

gg
es

t s
or

t…
ha

d 
a 

ve
ry

 st
ro

ng
 

an
d 

sw
ift

 m
oti

on
, a

nd
 sh

ot
 th

ro
ug

h 
th

e 
w

at
er

 (o
r s

pi
tt

le
) l

ik
e 

a 
pi

ke
 d

oe
s 

th
ro

ug
h 

th
e 

w
at

er
. T

he
 se

co
nd

 so
rt

…
oft

-ti
m

es
 sp

un
 ro

un
d 

lik
e 

a 
to

p.
”

Th
ou

gh
 h

is 
ill

us
tr

ati
on

s (
su

ch
 a

s t
he

 im
ag

e 
ab

ov
e)

 a
nd

 fi
nd

in
gs

 
w

er
e 

in
iti

al
ly

 m
et

 w
ith

 sk
ep

tic
ism

, f
ur

th
er

 in
ve

sti
ga

tio
n 

by
 

ot
he

r s
ci

en
tis

ts
 sh

ow
ed

 th
at

 m
ic

ro
or

ga
ni

sm
s d

id
, i

n 
fa

ct
, e

xi
st

. 
Su

bs
eq

ue
nt

 a
dv

an
ce

m
en

ts
 in

 te
ch

no
lo

gy
 m

ad
e 

th
e 

m
ic

ro
sc

op
e 

a 
co

m
m

on
 a

nd
 v

al
ua

bl
e 

sc
ie

nti
fic

 to
ol

.

In
 1

85
9,

 C
ha

rle
s D

ar
w

in
 p

ub
lis

he
d 

Th
e 

O
rig

in
 o

f S
pe

ci
es

, w
hi

ch
 

pr
ov

ed
 to

 b
e 

ve
ry

 p
op

ul
ar

, t
ho

ug
h 

co
nt

ro
ve

rs
ia

l a
t t

he
 ti

m
e.

 
Th

e 
bo

ok
 c

on
ta

in
ed

 o
ne

 o
f t

he
 fi

rs
t a

rg
um

en
ts

 fo
r t

he
 th

eo
ry

 
of

 e
vo

lu
tio

n 
w

hi
ch

 w
as

 b
ac

ke
d 

by
 e

vi
de

nc
e 

an
d 

pr
op

os
ed

 a
 

m
ec

ha
ni

sm
 fo

r t
he

 d
es

ce
nt

 o
f a

ll 
liv

in
g 

th
in

gs
 fr

om
 a

 c
om

m
on

 
an

ce
st

or
. 

Ev
al

ua
te

 y
ou

r p
re

vi
ou

s m
od

el
 o

f t
he

 tr
ee

 o
f l

ife
 

in
 li

gh
t o

f t
he

 tw
o 

ne
w

 p
ie

ce
s o

f i
nf

or
m

ati
on

: 
1)

 th
e 

ex
ist

en
ce

 o
f m

ic
ro

or
ga

ni
sm

s a
nd

  
2)

 th
e 

th
eo

ry
 o

f e
vo

lu
tio

n.
 

Ca
n 

yo
ur

 m
od

el
 e

xp
la

in
 th

is 
ne

w
 in

fo
rm

ati
on

? 
U

se
 th

e 
ca

rd
s t

o 
re

vi
se

 y
ou

r m
od

el
 a

s n
ec

es
sa

ry
.

18
66

 A
17

58
 A

Public Domain

Ph
ot

o:
 A

 m
od

el
 o

f a
n 

ea
rly

 m
ic

ro
sc

op
e 

us
ed

 b
y 

Le
eu

w
en

ho
ek

 
to

 m
ak

e 
th

e 
fir

st
 o

bs
er

va
tio

ns
 o

f m
ic

ro
or

ga
ni

sm
s..

(CC BY-SA 3.0) Jeroen Rouwkema



Éd
ou

ar
d 

C
ha

tto
n 

an
d 

Pr
ok

ar
yo

te
s

As
 m

ic
ro

sc
op

e 
te

ch
no

lo
gy

 im
pr

ov
ed

, m
or

e 
sc

ie
nti

st
s s

tu
di

ed
 

ce
lls

 a
nd

 d
isc

ov
er

ed
 n

ew
 sp

ec
ie

s o
f m

ic
ro

be
s.

 In
 1

93
8,

 th
e 

Fr
en

ch
 b

io
lo

gi
st

 É
do

ua
rd

 C
ha

tto
n 

w
as

 th
e 

fir
st

 to
 c

ha
ra

ct
er

ize
 

ce
lls

 a
s b

ei
ng

 w
ith

 a
 n

uc
le

us
 (e

uk
ar

yo
tic

) o
r w

ith
ou

t a
 n

uc
le

us
 

(p
ro

ka
ry

oti
c)

. O
ve

r t
he

 n
ex

t s
ev

er
al

 y
ea

rs
, f

ur
th

er
 in

ve
sti

ga
tio

ns
 

by
 sc

ie
nti

st
s p

op
ul

ar
ize

d 
Ch

att
on

’s 
w

or
k 

an
d 

de
fin

ed
 m

or
e 

di
ffe

re
nc

es
 b

et
w

ee
n 

eu
ka

ry
ot

es
 a

nd
 p

ro
ka

ry
ot

es
. T

he
 ta

bl
e 

be
lo

w
 

in
di

ca
te

s w
he

th
er

 e
ac

h 
or

ga
ni

sm
 is

 a
 p

ro
ka

ry
ot

e 
or

 e
uk

ar
yo

te
.

Re
vi

se
 y

ou
r p

re
vi

ou
s m

od
el

 o
f t

he
 tr

ee
 o

f l
ife

 to
 1

) r
efl

ec
t t

hi
s n

ew
 

pi
ec

e 
of

 in
fo

rm
ati

on
 a

bo
ut

 p
ro

ka
ry

oti
c 

an
d 

eu
ka

ry
oti

c 
ce

lls
 a

nd
 2

) 
in

co
rp

or
at

e 
th

e 
ne

w
ly

 d
isc

ov
er

ed
 o

rg
an

ism
s.

Pr
ok

ar
yo

te
s 

(c
el

ls
 w

ith
ou

t n
uc

le
us

)
Eu

ka
ry

ot
es

 (c
el

ls
 w

ith
 n

uc
le

us
)

A
rc

ha
eo

gl
ob

us
 fu

lg
id

us
A

ci
no

ny
x 

ju
ba

tu
s

Ba
ct

er
oi

de
te

s 
sp

p.
A

ga
ric

us
 b

is
po

ru
s

Be
gg

ia
to

a 
sp

p.
Ba

ci
lla

rio
ph

yc
ea

e 
(c

la
ss

)

Bo
rr

el
ia

 b
ur

gd
or

fe
ri

C
up

re
ss

oc
yp

ar
is

 le
yl

an
di

i

C
lo

str
id

iu
m

 d
iffi

ci
le

D
ic

ks
on

ia
 a

nt
ar

ct
ic

a

C
ya

no
ba

ct
er

ia
 s

pp
.

D
ig

ita
ria

 e
ria

nt
ha

D
es

ul
fo

vi
br

io
 d

es
ul

fu
ric

an
s

Eq
uu

s 
qu

ag
ga

En
te

ro
co

cc
us

 s
pp

.
Eu

do
rc

as
 th

om
so

ni
i

G
eo

ba
ct

er
 m

et
al

lir
ed

uc
en

s
G

ia
rd

ia
 in

te
sti

na
lis

H
al

of
er

ax
 v

ol
ca

ni
i

G
yp

s 
af

ric
an

us

H
al

oq
ua

dr
at

um
 w

al
sb

yi
H

om
o 

sa
pi

en
s

La
ct

ob
ac

ill
us

 s
pp

.
Lir

io
de

nd
ro

n 
tu

lip
ife

ra

M
et

ha
no

br
ev

ib
ac

te
r s

m
ith

ii
Pa

nt
he

ra
 le

o

M
et

ha
no

sa
rc

in
a 

ac
et

iv
or

an
s

Pa
ra

m
ec

iu
m

 a
ur

el
ia

M
et

hy
lo

co
cc

us
 s

pp
.

Py
ru

s 
co

m
m

un
is

Rh
od

op
se

ud
on

om
as

 s
pp

.
Sa

cc
ha

ro
m

yc
es

 c
er

ev
is

ia
e

Su
lfo

lo
bu

s 
is

la
nd

ic
us

Th
io

ba
ci

llu
s 

sp
p.

Tr
ep

on
em

a 
pa

lli
du

m

Vi
br

io
 s

pp
.

Th
e 

D
is

co
ve

ry
 o

f A
rc

ha
ea

In
 th

e 
19

70
s,

 a
dv

an
ce

s i
n 

sc
ie

nc
e 

an
d 

te
ch

no
lo

gy
 a

llo
w

ed
 

sc
ie

nti
st

s t
o 

ex
am

in
e 

ge
ne

tic
 in

fo
rm

ati
on

 fo
un

d 
in

 D
N

A 
or

 R
N

A 
to

 
de

te
rm

in
e 

th
e 

re
la

tio
ns

hi
ps

 b
et

w
ee

n 
sp

ec
ie

s.
 U

sin
g 

th
e 

re
as

on
in

g 
th

at
 g

ro
up

s o
f o

rg
an

ism
s w

ith
 a

 lo
t o

f g
en

eti
c 

in
fo

rm
ati

on
 in

 
co

m
m

on
 a

re
 m

or
e 

cl
os

el
y 

re
la

te
d 

to
 e

ac
h 

ot
he

r t
ha

n 
ot

he
rs

 th
at

 
ha

ve
 le

ss
 in

 c
om

m
on

, s
ci

en
tis

ts
 b

eg
an

 to
 re

or
ga

ni
ze

 th
e 

tr
ee

 o
f 

lif
e.

U
sin

g 
th

e 
sim

ul
at

ed
 D

N
A 

se
qu

en
ce

s d
et

er
m

in
e 

ho
w

 th
e 

or
ga

ni
sm

s 
ar

e 
re

la
te

d.
 O

bs
er

ve
 h

ow
 th

is 
ne

w
 in

fo
rm

ati
on

 in
flu

en
ce

s t
he

 tr
ee

 
of

 li
fe

 m
od

el
.

19
69

 A
19

90
 A



1758 B

AnimalsAnimals PlantsPlants

©
 P

ro
je

ct
 N

EU
RO

N
, U

ni
ve

rs
ity

 o
f I

lli
no

is

Illustrated interpretation of Linnaeus’ model
18

66
 B

A
ni

m
al

s
Pr

ot
is

ts

Monera

Pl
an

ts

©
 P

ro
je

ct
 N

EU
RO

N
, U

ni
ve

rs
ity

 o
f I

lli
no

is

Ill
us

tra
te

d 
in

te
rp

re
ta

tio
n 

of
 H

ae
ck

el
’s 

m
od

el



19
69

 B

Pr
ot

is
ts

M
on

er
a

Pl
an

ts
Fu

ng
i

A
ni

m
al

s

Eu
ka

ry
ot

es

Pr
ok

ar
yo

te
s

© Project NEURON, University of Illinois

Ill
us

tra
te

d 
in

te
rp

re
ta

tio
n 

of
 W

hi
tta

ke
r’s

 m
od

el

A
rchaeaBa

ct
er

ia

OriginOrigin

Eukaryotes

AnimalsFungi Plants Protists

©
 P

ro
je

ct
 N

EU
RO

N
, U

ni
ve

rs
ity

 o
f I

lli
no

is

Illustrated interpretation of Woese’s model
1990 B



Pu
bl

ic
 D

om
ai

n
Pu

bl
ic

 D
om

ai
n

Pu
bl

ic
 D

om
ai

n

Carolus Linnaeus’ Systema Naturae

Carl Linnaeus is the founder of modern taxonomy, the naming and classification of 
life forms. He started using two-part names for living things, a method that is still 
used today. For example, he used  the genus and species name of Panthera leo for 
the lion.

Linnaeus’ interests in biology originated with plants. Growing up, his father would 
show Linnaeus flowers in the garden and tell him their names. As an adult, Linnaeus 
continued to study plants and animals on expeditions across Europe before 
publishing his work in several books.

In his book Systema Naturae (Latin for “The Systems of Nature”), Linnaeus classified 
over 12,000 plants and animals. During his lifetime, the contents were constantly 
being updated and revised based on new knowledge. For instance, whales were 
originally classified as fish in the first edition (1735), but in the tenth and definitive 
edition (1758), they were reclassified as mammals. 

Linnaeus arranged life into two main categories, called “kingdoms”: plants and 
animals. Plants were grouped into 24 classes based on their reproductive structures 
and included “true” plants as well as fungi, algae, and lichen. His classification 
of animals included subgroups of mammals, birds, amphibians, fish, insects, and 
“vermes,” or all other invertebrates that were not insects, such as worms, slugs and 
clams.

Below is a table from an earlier edition of Systema Naturae showing some groups 
from the kingdom “Animale.” Do you recognize any of the organism names?
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Robert H. Whittaker

In 1969, Robert Whittaker published a scientific paper in which he proposed a new 
five-kingdom model of the tree of life. In his model, Whittaker incorporated work of 
Chatton and other scientists who distinguished prokaryotes from eukaryotes. He also 
established a new kingdom for fungi, which had mostly been grouped with plants in 
the past. The separation of fungi was mostly based on the evidence that fungi consume 
decaying or dead matter whereas plants produce their own food.

In Whittaker’s model (shown below), there were five kingdoms: Monera (prokaryotic 
organisms), Protista (eukaryotic unicellular organisms), Plantae, Animalia, and Fungi 
(all eukaryotic multicellular organisms). As seen in his illustration, the arrangement 
suggested that some kingdoms, such as Monera and Protista, contained present-day 
species as well as the ancestors of other kingdoms. The arrows in the bottom right also 
indicate how he organized species based on whether they photosynthesize, absorb, or 
ingest food.
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Carl Woese

Carl Woese, a scientist at the University of Illinois, was one of 
the first to use molecular data to investigate the evolutionary 
relationships of organisms. The illustration below is from a 
1990 publication he wrote with colleagues, titled “Towards a 
natural system of organisms: Proposal for domains Archaea, 
Bacteria, and Eucarya.” A “domain” is a taxonomic group even 
larger than a kingdom. There were now six kingdoms in the 
new model, revised from Whittaker’s five kingdom model. The 
Plantae, Animalia, Protista, and Fungi kingdoms were grouped 
in the Eukarya domain, and the Bacteria and Archaea domains 
contained the Bacteria and Archaea kingdoms, respectively.

In previous models of the tree of life, archaea had been 
classified with bacteria, and both under the category of 
monera. Although archaea are visually similar to bacteria, 
studies indicate that archaea have genes and cellular functions 
more similar to eukaryotes. The earliest discovered archaea 
were in extreme environments such as volcanic hot springs and 
salt lakes, but since then they have also been found in places 
such as soils and human intestines. Archaea species derive 
energy from compounds ranging from sugars to metal ions, 
and they have unique components in their cell membranes not 
found in the other domains.
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