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Today we will study the classification of
living things.

In biology, “classify” generally means
recognizing and giving names, in a
methodical fashion, to the varieties and
constitution of populations of living
things.

The study of recognizing and clarifying
biodiversity is called “taxonomy”.
Taxonomy is a basis of biology, and so is
an extremely important study.

There are a great variety of living things
on earth. To date, about 1.8 million species
have scientific names attached to them.
However, an enormous number of living
things exist on earth, and it is said that
the total number (including already
classified species and those not yet
known) reaches 10 million kinds or more.
How can we recognise and classify such a

large number of living things?
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[Fyr~vAEy] p.13 X 1.15

Firstly, let us consider why man classifies
living things.

It seems to be a human tendency to group
diverse items according to similarities.
This is not limited to living things.

If we could not distinguish the differences
between the things surrounding us, our
daily lives would be very inconvenient.
Imagine the lives of ancient people.
Distinguishing whether flora and fauna
was edible or inedible was a matter of life
and death.

For example, these are photographs of two
kinds of mushrooms.

The one on the left is an edible shiitake
mushroom; those on the right are
poisonous fly agarics.

If names were not assigned to these, we
would have great difficulty distinguishing
them from other mushrooms.

Shiitake

features: they are brown in colour, and

mushrooms have certain
grow from trees.

On the other hand, fly agarics grow on the
ground and have red pileus'. However,
these features are not limited only to

shiitake mushrooms and fly agarics.
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Humans may have been distinguishing
and organizing flora and fauna since

ancilent times.

When did identification and organization

emerge as a classical scholarship?

Aristotle, who lived in Greece before
Christ was born and who was famous for
the study of logic and literature, also left
writings on the study of natural sciences

such as astronomy, botany and zoology.

Aristotle is famous for his many scientific
observations about nature in his book The
History of Animals.

Taxonomy in ancient times was called
“natural history”.

Natural history is the scientific research
of natural things, i.e. plants, animals and
minerals, leaning more towards
observational than experimental methods
of study. Natural history is one of the
oldest studies, whether in the East or
the West.

Since ancient times, human beings have
labeled natural resources to use as food
and to satisfy

and medicines, our
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intellectual appetite.

Bringing together living things which are
alike and distinguishing between living
things which are different, and then
systematizing them methodically, is the

basis of taxonomy.
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[V x&tdime] p.194

In the East, herbalism corresponding to
botanical medicine based on the use of
plants became a basis of natural history.
In Japan many books about natural
history (hakubutsusho in Japanese) were
written in the latter half of the 18tk
century.

In these hakubutsusho, many flora and
fauna were displayed as diagrams.
example of
Ekiken's

A representative
hakubutsusho is Kaibara

Yamato honzo, published in 1790.
Many plants other than medicinal herbs

were also described in Yamato honzo.
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Trtatn FRpT Rk 5] p.30

L - R L 5 o [ o These are two fish described in a
N fﬁ 7 hakubutsusho of fish called Shiirin-zu.
2. ;Ejéﬁ)77§7/f ET#/]’ SEDE-ZaAE The upper right is a tilefish, and the
5 i’%\fﬁf“?o bottom left is a golden threadfin bream.
3. = 0)%%}%K%73>ﬂt?ﬁi% igqéf%ﬁ :Lgf%é% The fish depicted in Sharin-zu are
<. Lﬁ;ﬁ:ﬁi‘ ot 1 %‘H%E@j; 1’;\? fﬁ?\é %5 7 extremely realistic. These pictures help us
A0 % T understand the high level of painting
SUNVED = ST o . . .
techniques used in the Edo period.
4, L L%{;{i“( I+ %{}@ Il f&fj@ % ’{Zf_(;f% 72 However, unlike in the West, people in the
ICA L& A : . .« .
TS L) I S E R AT L East did not attempt to categorize living
species.
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[V xEtEmaE] p.194

This is Linné.

Linné was an 18th century Swedish
taxonomist. He is known as the father of
modern taxonomy.

In 17th century Europe, a great deal of
flora and fauna were brought in from
Africa, India, China, and Southeast Asia.

For people in those days, giving names to
flora and fauna that had not been seen

before was quite a problem.

When names were given to living things
at that time, people often used two or

more words that described its features.

For example, the jackal was named

“golden”“wolf”.

While the surrounding species were few in
number, this method of naming things
worked well. However, as species from
other countries were brought in, the
number of words used to describe one
living thing began to increase without
limit.

For example, the fox was described in 5

words:  “tail” , “straight”, “apex”,
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“white”and“dog”.

By increasing the number of words, it was
possible to classify living things to some
extent.
However, it was difficult to remember
living things when they were described
using so many words.

Additionally, names of both known and
unknown species were changed whenever
new characteristics were found, and this
also caused confusion.

As flora and fauna were brought in from

foreign countries, the previous
nomenclature  gradually ceased to
function.

Linné proposed a
in which the

Because of this,
binomial nomenclature,
scientific name of an animal or plant is
indicated by two Latin words.

The binomial describes a species by genus

name and specific epithet.

For example, according to Linné's
binomial, human 1is written as Homo
sapiens.

The first part of a species' name, in this
case homo, is the genus and the second
part, in this case sapiens, is the specific
epithet.

Because the binomial was very practical,

it was supported by many researchers.

Even today, in order to avoid ambiguity
when communicating about living things,
biologists refer to each species using
Linné's binomial nomenclature.

In his book Systema Naturae, Linné
systemized information about already
known flora and fauna into classification
tables. In addition, he described the

features of each species along with the



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

Zlgd}t@g{ %%u%¢ Bl bz, k< M f:%%%ﬁ points of difference between living things

LT, EEy hat looked alike.
@W@fm%aﬂﬁ LEL, that looked alike

20.  y x2S / %ﬁ@g%éﬁ’”ﬁ( b AFEDIEA i 20. Linné grouped the naming of species into

WoH. BE o7 L Ao SR A R

a hierarchy of increasingly broad

PES categories such as species, class and

T, EhbEBERICEST £ L,

genus.

F—7—H
WIDZ A

X3 A
IS HE R . @KL bh ot 2 F LET

Eh 5 A

il . 75 2cik, A RERDS T PIVET,

X3 M~&3512BYELE)
%ﬁ?ﬂ DEET (dictionary form) + X 51Z725] I, ’%V{E%ﬁ%>biﬁ”o
fil 1sfictcic 20 . Vo ko S AESMEPILS X SR E L,
S1sHERI DI, AT A TLER, 18> T, U so 4iEsEphs

Xl ’ﬁ{tl,i L7z,

X4 T~&oTiE)

~lZE-oTy X F~O)4f)§77ﬁ>%c77<ﬂij Ry 'H%'Cﬁ“o

Bl PRI oL MR BWEE T LT, L OK B ST ETh b,
i frbnsmr s plilicxs stz KL > CUERRE ) T

X5 T~

~pLx) [~pHd LR,

325 ri‘%géij
oM & T, Bz Hvo b = 5] Tk ﬁﬁk A1 TY,
W:%%%ﬁwwﬁw Lo ﬁbiﬁ

Si/v 5T

X5 IE#1

189



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

R ) nY

oSN Lok & THE LwnET, o Hg

X7 Fﬁoflﬁl’w
THADIE< | THEEE ok x 722 Lo T,
il - ﬂt%@%@%w:i fiR7 T LN S b B,

)t“b )

SE T HORL . HEEEICL, AR LR S b D,

X7 (~55)
r%éﬁm#f@%@m@wtiﬁ%@ii@“
RO L T 5 & X b ET,

Bl W< BRI BRI ELE 5. mH a0 b0 IR £, (<R3 L finvnb,)

Eor<

R
=
=

RN TN D BN S BT, &

s

A Y

X7 TH-11)

H L SR UTT, ARART, pEWEETHEDRS - ERENTT,
Wil i e Bt 7o o — 2 N AE B,

327 [~[2DnT]

~ZONT, ) 1 T~ CE SN ERBRT B e, 2R e (] TF Shi-2 &b
F5 L5 BT

Bl SnsiE< 72 31z onC. RILD T2

Bl T2 H < B ic o, fabhd B

A WA
X7 TREA <
[ L . Pol] LD =L TF

A ES)
X8 lE]
E%Lé%ﬂi LX) EWVWnET, WK

Xs M)
ES oﬁ”<“iin’=ﬁ“(“‘fo

Er<Hn
o Yava

ANA 1‘2‘/\17}{,}/
8 [4tim ]
WhHiFA S E E}p[j - ;L:‘r. T B ‘\f/u}/v B JJTE[, ’YAJ‘L’:E j*yi/}i/\,
[—3®JE) T &V ,E%T“ﬁ”o Do) &, )T«%ODJ”* {ZIK N N G
‘fﬁ;“/\/l;' ifu BN Th s jiiéélu - HwI) LA j:"“/‘/ ’;L:r.h
BT Db L OB RO DT LT, P D B bRV LS Bk, 7. high

190



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

technology 01? T/JF/T lzl

TP TPHEE I T o TV BEIF L VWD = b T
F. osnic. MRk rns Sy

b ET,

¥s Is%=)

[LF] LD DI, oD OB, B E AT, T, Lo, [ 1230, T
WA X 134 CFTT

COXT, FYRE, R THEARA) TS0 T T4 L0 AMTT b, 5 0F TR, Cik
1 [5o0MEE] e _ETLL Y, B KoYl IHEOREHT) LS TV, o
LERTHIDL S REVIENA L H 0 T8, SROHRNZIES = & CHETE £,

T

L5

Wo TLY

Xgr—mwj
*Olﬁiofﬁbgﬁwjf%%%%&ﬁ&iofwéjtwﬁ kG,
Bl znenoay AE, KE. GED E%ﬁﬁormif
il Ao ERI, ~%@%m<% ) ez o TERI AT 5 BERD S,

AN

F5LE

Xo rust)
bBHRE ST S E

X10 T~z dk 3 |
:Cﬂif~ﬂgﬁwiofwé/f%1wéjEWDW%@%TZﬁ®$%Kiéé%®%%J&
ciFk<éh@$;b%¢6m1mé$%@%wjfﬁ

X1 T%RE0 ]
R L TEE~Z) SV ERTT, TR (B Lo Bk T s, R i TE
Ehfm&wjkwbéﬁmmwifo

:)% = 2 E A Z

S HRITE o B A

X1 TEE# )

(BE) L13 [ Cic~L7) Th3~Lik) WS ERTT, [ 1 & (FETS/ 55 Lk
CFb, TB 1 13 (T Tiebhs) &0 BT,

Bl B0 o, BRAB S, B LW HiEE E 2 57,

Sh Ly
X11 T3]
PN v &< T BLLED TEAA

%@Jaw5ﬁ%f¢oit\% Kt | o HAEA L LCv T, S LOBBIE. Codao

-

191



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

K11 T~t= TRz

[(~F 270N 1E (~F 3210 [~F 5L & 0o V) EkICRY £,

Bl - fEAE L s s oie, WE 2z v,

SOEoOMERER SN L. KAEMA, FEROMESERSND L, 2K ET 5,
F MR D -5, FICH ET5. L5 ki, MERRSH -7 BT -b 8 T3
EWwoH Z LT,

Y11 TREE % <
coTo T i %i@ﬂib<ﬁw LAEGIREDT] SO ERTT,
Wil . A< HENC IS E ST k5,

X1 T~%g 0y
D~ A [~2F 1) 20T e, [~F 30003 L) (fliflc~F2) Lo EkicAay £
\ar«

Sh BHLBHVES

12 T84 52
AT D) 1 TaieoF 5] Ly BT, [~ 1 THE (205 L) BT nb

N

F%%ifj =8 F%iﬁ%@ow‘% &mﬁféﬁﬁ%ﬁﬁ“o

%mr%%rj
F&bﬁojomﬁkjkw5 kT, AU 3 BT
{ {ﬁzfzt—w)émk% ’Wt LTWo7,

K12 THEBEL < o Ty
HBET 2 12 ThBbOn M <) (5 E<H< LS BRTT,
Bl Lo 25 A ADE m A5 £ HE LTS,

X5 T~z E5¢ &
~c:%o“<J R S el Pl F~%3:%EE L/ tmﬁ?%%ﬁﬁfw“ Ty xd “:%%.’7)&:“0%1
LI TY R0 ARl NS HEE - TAR AT D L] B9 =k TF,

Sk SSEEEas
SRR LD HANEE

Lo&k5TE
X17 I'=® 1
TERROEEIC D) T F%@‘@%E@féﬂc:%&m e
Wil B IS L B . [EB 2 LIRS, 2R ER TR,

192



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

X17 TEEahE L)
F%éﬁﬁzﬁ%ﬁéjkw Z Lot

BE < A Lot

Wl AT, 2 oEBIc R fHsnTn 5,

X19 T30 9 %
(LHILTEC L) OF, £, b0 LOBMAREZOEEICAT L BV ET,

K19 T~ & & 412
~F Bl e bic ] 1k [~F5) L\ 517k LAk T J%ﬁ?&w5 o

Bl HROB WA ETo e L blo, BEOREOREICH /) 2ES_E Th5.
SE LWEEO R M A E TS, LW afihl. Eabh oA D D LA kD 2
S LN E,

5 WTA

19 THEE A
BEHNC GE5 L5 (sl 200Ed, o FEEA
Fi<@t%%%@m@mjkiF#%CUTwé%%@%wﬁ®ﬁﬁémjfﬁ

O

%20 rsR#h L= L=y

T 5 k. [AREHA Cic, B Db T

A Ls3

-

20 TEH

. M. MBS twnwaz T, o F

F7-. T8 < THW) o LiEEr LT 15D 8d0 £,

%20 ri4

(RT3 1. THAIHEE R P2 o< B L) BT,

AA MAWNESTE

20 THEFERY

M) L5 O, 0Tl B 7 . AR, RFMIITIEE URED A L o 2o E T
BEER ) L1t 20X 510, P55 MBI 2> T EFERE -T2 Ik T

X900 & SHE L1
MBS D) 1 TR RO, WoaMEas b5 L) Lo,

HAZEwd

MRICBOTIHE. 52 bORAERORTE I DNE NS ESIF) 1 2IFc & ¢,

B

193



oy L A2y 250 x Juwe s Banl
= O % ITHEN b E18 IS A T A
FATZN

BIIcE D ETH bR TWET,

ll?p) éﬁi%k—wx e g, H—
/

74 9ﬁﬁ ﬁmbkfﬁﬁtﬁjf
7

B — ¢ AR R R & 2 T
ERME I ko CHMEE R T o L %

%Eﬁ \—/j—‘l./i L/fuo
fﬁff IEHIER [ o R 13 4 ¢ 3 5@ o L

L LT E 2T ET,
57— ﬁ%/#FﬁwtﬁJ@¢T%%Lt

LA b

LR AE < e D = 212 & FS
%fﬁéé%@%%%i@ﬁ%ﬂ%ﬁk

BRAR LN

WAL % 28Iz AT R 1T b
5;9_@@ibto

i ORIT ST & Rk D780 % bt %
mwfﬁut%@ffo:@%%ﬁiwﬁw
IR avexa KB LY bR
LTz e a R LThET,

194

gdoo0oo0ooooouooooo
00000 Nagoya University 2010

[ro~ AW p.561

After this came the phylogenetic system,
which took evolution into consideration
and is still used today.

The left figure shows Charles Darwin and
his book, “The Origin of Species’, which
was published in the 19th century.
Darwin claimed that evolution could
explain life's unity and diversity and that
natural selection was a cause of adaptive
evolution.

Currently, we think that all living things
on earth evolved from a common ancestor.
Darwin set up the theory of evolution in
his book “The Origin of Species.” After his
theory of evolution had been accepted by
many taxonomists, they attempted to
distinguish living things more adequately,
using the phylogenetic system from the
standpoint of evolution.

The right figure represents the
evolutionary relationships between wolf,
leopard and domestic cat, using a
phylogenetic tree. It shows that the wolf
speciated earlier than the common

ancestor of the leopard and domestic cat.
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[Frr~Ap5] p.598 X 26.21

Many of us grew up with the notion that
there are only two kingdoms of life —
plants and animals — because we only see
the macroscopic world.

Linné also classified living things as
either animal or plant; this is known as
the two-kingdom system.

Even with the discovery of the diverse
microbial world, the two-kingdom system
continued to be used.

Taxonomists placed bacteria in the plant
kingdom, citing the rigid cell walls of
bacteria as justification.

Fungi, too, were classified as plants,
partly because most fungi, like most
plants, are unable to move, even though
fungi have little in common structurally
with plants.

In the two-kingdom system, unicellular
organisms such as protazoa, that move
and ingest food, were called animals.
Taxonomic systems with more than two
kingdoms did not became popular with the
majority of biologists until 1969, when
Whittaker argued effectively for a system
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consisting of five kingdoms.
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[Fvr L] p.598 ¥ 26.21

This figure represents the five-kingdom
system of Whittaker, which has come into
general use with biologists in recent
years.

Whittaker was the first to propose the
five-kingdom taxonomic classification of
the world's biota into the Animalia,
Plantae, Fungi, Protista, and Monera.
The Monera kingdom includes most
organisms with a prokaryotic cell
organization, lacking a cell nucleus.

With the exception of Monera, Animalia,
Plantae, Fungi and Protista are all
eukaryotic species.

Whittaker divided organisms into
prokaryotic and eukaryotic species based
on cell morphology.

A eukaryotic species is an organism whose
cells contain a complex structure called
the nucleus inside their membranes.
Though Protista is a eukaryotic species, it
does not belong to the Animalia, Plantae
or Fungi.

For example, ameba, paramecium and
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Saprolegnia belong to the Protista.

In Japanese, the word for fungus has the
same sound as that for bacteria, so the
two are difficult to distinguish. Therefore
we wusually call fungus "shinkin" in
Japanese.
In general, Fungi include mushrooms,
fungi and yeast.

Whittaker distinguished Fungi, Plantae
and Animalia partly based on the criterion
of nutrition.

Fungi is comprised of extremely varied
cannot produce

species. Fungi

nourishment from simple inorganic
molecules as plants and algae do, so they
depend almost totally on the surrounding
organic carbon to survive.

Such a living thing that uses surrounding

organic compounds to get the carbon it

depends on for growth is called a
heterotroph.
Plantae include organisms that

photosynthesize on land, and living things
closely related to them.

Plantae derive energy from oxidizing
inorganic compounds. An organism that
products energy from this is called an
autotrophic organism.

The trees and grasses that we see usually
belong to the Plantae.

Plants are essential for human life, for
and building

example, as vegetables

materials.

We humans are also included in the
Animalia.

Animals and fungi are both unable to
create nourishment by themselves; both

are heterotrophs, depending on the



TxTHY IR oM, BREOME V-7

W@%%\w%%éﬁ B 72 KL 73 AEAE
LET,
mx‘%ﬁ%ﬁ\ik%iAx MU WELEZ 20,
yoES AN R CRIETAHY Eh bW
5”?ﬁ§f””qabfmiﬁ<
*—J—K
AR A L<EWNED)NL FAtnENEDIML

CRA By H—D TR
IELZWNEIE VRS >

¥4 be Xy

HARGERZER
X3 MEBhi)

BB FREE AR % < MR B RE T
Bl : AIXB LY DS,

S TE‘/\/CW/\I
X3 B ffifg]

HLED lrr/uEL‘ ;‘:#LTE
(M) DD FETT,

gdoo0oo0ooooouooooo
00000 Nagoya University 2010

surrounding foodstuffs for survival.

Animals are a major group of

multicellular organisms, containing
various structures generated from each
part of the embryo such as the muscles
and the brain.

shellfish,

fish, snakes, birds and mammals, belong

All animals, such as insects,

to the kingdom Animalia.
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Fk

YEA

Bt I 24 72 AW O D N A RS % Fr 1. The kingdoms of life can now be grouped

THIET, RAAL L PN D 3 oD H Iz into three even higher levels of
.j,b YL AUL D h%ﬁi FLOLILTWET, classification called domains. The domain

is the highest taxonomic rank of
organisms. The arrangement of taxa
reflects the fundamental differences in

their genomes.

LAt

f‘k
rw
>

350 I\ )‘ A 0%, FnF h,\‘fiﬁ’“ iR A A 2. The Tree of Life consists of three domains:

R E;fzm iR A A R /1‘2%% RAA T, Bacteria, Archaea and Eukarya.

RA X T — 0)335?1 5&0) 7 73:0)}% %%@% 3. In Whittaker's five-kingdom system,

ﬁ‘é& 1’“H5]I RAA L ?;Lufl’*ﬁflgl/v KX A a:é?\ bacteria and archaea are combined into a

JARY AV ﬂ%t 0 ET, single kingdom called Monera.

;é‘lf ;f iﬁi% E#@O)jﬁé% LHTEL., 4. Bacteria are the most diverse and

;%’;{i v %UI = E ff{ﬂ}.%% X & 721’;; % widespread prokaryotes, and are now

I SN A HIE 722 PR S ERTET, dividled among multiple kingdoms.
Bacteria includes bacillus, which i1s used
for cheese making and which can also
cause sickness, etc.

%—‘m % RAAL TR 73\’(% < 0)2% 5. The Bacteria domain is split into several

ST LRTOET, kingdoms.

ﬁ%lhﬂ 6:U<[JJ e OD;LIE ,% E;@nf/“%?f‘;%‘ 6. Many of the prokaryotes known as

ﬁé)ﬁ /;%)E@mb\ {EH Lot ﬂﬁ )Lj:)O) @<‘£ﬂ% archaea live in the Earth's most extreme

BB S < A L’Cb\iﬁ“o environments, such as boiling hot springs
and salty lakes.

ﬁf?ﬁﬁ RAA ?6 < 0)5‘?% =2 /u’Cl/\iﬁ” 7. The Archaea domain also contains several
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kingdoms.

8 ﬁ}i%&l L ﬁ?‘f“ ifﬁ ) 7‘& 72 LTw 8. Though the Bacteria and the Archaea are
b, E%TJ@% ; )0)%5%75&( x < /E'\:fcﬁ ST similar in morphology, they are geatly
e different in metabolism and nutritional

chemistry.

9 EN ﬁ}é &L?r R A A & % <D ﬁj"% & % Te 9. The Eukarya domain are thought to
%%% F@)%{ biﬁfriﬁb ﬁj"% %ﬂﬁ )W“G‘ % ) :j consist of four kingdoms of Protista,
STWA L £ ZHILTWET, Plantae, Fungi and Animalia.

10. :{)EK %%@%%ﬁ@jﬁf{“n LlJ fz%“( WX FL 10. Next, let us look at some concrete
25, examples of classifications of animals.
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[y~ AE95] p.560 X 25.8

This is a leopard.

The basic rank of biological classification
1s the species.

Each species has its own characteristic
features.

When communicating about a species, the
scientific community uses its scientific
name.

The two-part format of the binomial, or
scientific name, was instituted by Linné.
An example of a binomial is Panthera
pardus, the scientific name for the large
cat commonly known as the leopard.

The first part of a species' name is the
genus, and the second part is the specific
epithet. In the case of the leopard,
Panthera is the genus and pardus is the

specific epithet.
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[y~ AE95] p.560 X 25.8

Species are hierarchically classified.

This hierarchy was constructed by
taxonomists, and based on the
classification classes of Linné.

The first grouping is species that appear
to be closely related, although they differ
in details. These similar species are
collected into the same group, known as
the genus.

If we compare such groups of organisms,

they can be made into larger groups.

These groups of living things are known
as a taxon.

Related genera are placed in the same
family, families are grouped into orders,
orders into classes, classes into phyla,
phyla into kingdoms, and, more recently,
kingdoms into domains.

Seen from this hierarchical viewpoint, the
leopard is a species belong to the Eukarya
domain, Animalia kingdom, Chordata
phylum, Mammalia class, Carnivora,

Felidae, Panthera pardus.
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We call this a leopard.
In this way, we can recognize the
relationships between various living

things among family, genus, and species.

RO R

CTRUAHcED T TR CRofI S anE S L) 2 Lo,
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[eva7VUAR XEE®Ip.200, p.201

Lastly, we will talk about biodiversity.

Biodiversity is a word we often hear lately.

From the top left of the figure are a dog,
pigeon, shark, dragonfly, planarian, rose,

shiitake mushroom and Bacillus coli.

Other than the animals previously
mentioned, there are a huge number of
living things inhabiting the various
environments of the Earth.

However, these days, as the Earth's
environments are rapidly decreasing,
various species are faced with extinction.
Human beings have reaped abundant
benefits from natural resources. A
decrease in biological diversity equals the
loss of these important resources.

For this reason, recently many people all
over the world are attempting to conserve

biodiversity.
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