CHAPTER

-

THE SCIENCE OF
TAXONOMY

The most impressive aspect of the world of life is its diversity and the
uniqueness of its components. No two individuals in seXually reproduc- 3
ing populations are the same, nor are any two populations, species, or .- ;
higher taxa. Wherever we look in nature, we find uniqueness, and r’ak-.'-"'
uniqueness means diversity. To sort all this and determine its nature is t‘f\&Q\ﬁ’
the task of taxonomy. T -
~More than 1 million species of animals and half a million species of
Plants and microorganisms have been described, and estimates on the
number of undescribed living species range from 3 million to 10 million
and evep_higher. .An.estimate of. at-!rlgagﬁL_hMlm&fargeﬁﬁnm@paﬁe—s&ﬂﬁ =
is"consistent with the known facts. Each species may exist in numerous
different forms (sexes, age classes, seasonal forms, morphs,’ and other
phena).. The diversity of faunas has numerous dime_nsions. There are rich
faunas not only on land but also in freshw_ater and in the oceans down to
the greatest depths. Every orgagifm has its fauna_ of parasites, many of
them species-specific. Evidently, the amount of diversity is immense.

The important biological discipline concerned with the scientific study
of diversity is often indiscriminately referred to as systematics or taxon-
Oomy. There is a broad overlap in the application of these terms, but there
i m the Greek

18 also a subtle difference. The term taxonomy is derived fror\

N,
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'Consult the glossary for unfamiliar terms.
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words faxis (“‘arrangement’’) and nomos (“law™
in its French form by de Candolle (1813) for the theory of plant classifi-
cation. It agrees best with current thinking to define it as follows: Tax-
onomy is_the theory and practice of classifying organisms.

The teTm systematics stems from the latinized G
applied to the systems of classification develo

) and was first proposed ues to reveal new evolutionary problems. No other branch of biclogy has V

made a greater contribution to our understandi evolution.
Leaders in many other fields of biology have acknowledged their de-

pendence on taxonomy. Elton (1947:166) made this statement regarding
reek word systema as ecology:

ped by the early naturalists,

” . i ) 3 : The extent to which progress in ecology depends upon accurate identification,
nt:le_ib’f;’ L_mr(]Jaeus (‘S;j-‘ sﬁre’{n_a ”m;” 'ﬁ‘?' Ist e.d:: 1735). We follow Simpson's and upon the existence of a sound systematic groundwork for all groups of "
(1961: ) mo ern rede n!non'o the lcrrr.;. Systematics is the scteﬂflﬁf animals, cannot be too much impressed upon the beginner in ecology. This is
study of the kinds and diversity of organisms and of any and all relation- the essential basis of the whole thing; without it the ecologist is helpless, and
ships among them.” More simply, Systematics is the science of the di- -

the whole of his work may be rendered useless~ -~ —
versity of organisms. The word relationship is not used here in a narrow '

phylogenetic sense but is broadly conceived to include all biological in- - .Not i'oro‘zghlg;olggxcz%llg_z_t:%@fe{nmdumr 1 "‘:ithl("".‘ lhﬁe mom’])/
teractions among organisms. This explains why such a broad area of %alr;s ?] mg: c“d' Caei‘fl:l‘;a: SpEcies tn:.’l ey oheco Ogica Flgn.l cancf‘ 3
common interest has developed between systematics, evolutionary biol- SILA Scpencence o conemy 1s. Inie. 1n.o1 G ArEas Ok SCIENCE, AN
ogy, ecology, and behavioral biology : the delimitation of geological strata, key fossil species have played a de-
.~ Systematics deals with populations, species, and higher taxa. No othery :;:;;efn:le. Eﬁ",;:f,:;ﬁ,em—}mg zzlt:ﬁ';; has leameqllt:n asgre:;:ate R
branch of biclogy occupies itself in a similar manner with these levels of siciE :: so_n_!ar : ciesy.Such species Eﬁ)é-.gzr']é[a “mr 6 (e me"?r
“integration of the organic world. It not only supplies urgently needed in- Ty Simi pecies. P ol e Gan POty

in their physiological traits or cytology than in their external morpholog-

i i ; ivates a way of : R . :
formation about these levels but, more important, cultivat y ical characters. Every biologist can recall examples in which two work-

thinking, a way of approaching biological problems that is important for

. . ers came to very different conclusions concerning the physiological prop-
_the balance and well-being of biology.as a whole (Mayr’l%ga. 134a). 0) erties of a certain “‘species” because, in fact, ine specialist had pbeel.-)n

77 One of the major tasks of systematics is to determine by ‘l;ll cANs 1'% working with species a and the other had been working with species b.

comparison w.hat the unique properties of e:-ach species and hig er taxon @ Molecular biologlsts are vitally interested in sound classification. The
ure. Another is to determine what properties certain taxa havil mhcom- evolution of molecules, an increasingly important area of research, can
mon and what the biological causes of the differences or shared charac- be understood only against the background of a sound classification. 1 is
ters are. Finally, systematics is concerned with variation within taxa. In |

only in consultation with the taxonomist that the biochemist can deter-
A ‘fine what organisms may supply the key to important steps in the evo-

. ¢ lution of molecules."In turn, molecular biology continues to make valu-
S able coniributions to the classification of organisms and the discovery of
Qe , Sibling species. Let us single out some specific areas to which taxonomy - -

e ey e e e % has made noteworthy contributionE———=- ==~

ETHE CONTRIBUTION OF SVSTEMATICS TO BIOLOGY ™
A consideration of the contributions of systematics to other branches of

all these concerns systematics holds a unique and indispepsal?le pqsit:’on
among the biological sciences. Classification makes organic diversity ac-
cessible to the other biological disciplines. Without it, most of them
would be unable to give meaning to their findings. '

hole adds to an appreciation of its Applied Biology
i i a whole adds to a ) . . N '
ORI} 5 SR s The contribution of taxonomy to the applied sciences—medicine, public
P i i | health, agriculture, conservation management of natural resources—has
i i he study of evolution was carried out al- » agric » conse " :
i molzfi(:irl? Lf;e I;Iseta?:oi?;?sct::’ ;rom L:marck and Darwin on, nearly all been both direct and indirect. Taxonomic breakthroughs have often sup-
lr ' - - - - Ny - Y
the leadin )::vg}mionists were practicing systematists, and the names Plleq the key to the solution of previously perple i s in eco
Chctverikrfv Dobzhansky, Simpson, Mayr, Stebbins, and Grant prove \/ nomic entomolagy. The famous case of the epidemiology of malaria is a

that this is still true in modern times. Virtually all the major evolutionary good cxample. The SUPTFRNS RGO TSR malarllla ’Tostg:l:::’
oblems were first pointed out, and often solved, by systematists. Even Anopheles maculipennis Meigen, was reported throughout the C(;n ldie;’
4 st;dy of (‘:;anic divc’rsily as practiced by systematists contin- Yet malaria was restricted to local districts. Large amounts of moQ
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4 CHAPTER 1: THE SCIENCE OF TAXONOMY

were wasted because no one understood the connection between the dis-
tribution of the mosquito and that of malaria. Careful taxonomic studies
finally provided the key. The maculipennis complex was found to consist
of several sibling species with different habitat preferences and breeding
habits, only some of which are responsible for the transmission of ma-
laria in a given area. This new information allowed control measures to
be directed to the spots where they would be most effective.

With biological control of insect pests again receiving increased atten-
tion, the determination of the exact country of origin of insect pests and
their total fauna of parasites and parasitoids has been restored to the
great importance it had prior to the brief period in which at least some
applied entomologists thought that they could completely control insects
with pesticides. )

Pemberton (1941) cites an outstanding instance of the value of insect /
collections assembled for taxonomic study in the solution of a problem
involving biological control. Some 20 years earlier the fern weevil,
Syagrius fulvitarsis Pascoe, had become very destructive'to Sadleria
ferns in a forest reserve on the island of Hawaii, and control measures
became necessary. The entomological literature failed to reveal the oc-
currence of this weevil anywhere outside Hawaii except in greenhouses
in Australia and Ireland. These records gave no clue to the country of
origin. However, while engaged in other problems in Australia in 1921,
Pemberton had an opportunity to examine an old private insect collection
at Sydney; among the beetle specimens was a single S. fulvitarsis bearing
the date of collection—1857—and the name of the Tocality in Australia
from which it had been obtained. This provided the key to the solution,
for a search of the forest areas indicated on the label revealed a small
population of the beetles and, better still, a braconid parasite that was
attacking the larvae. Collections were made immediately for shipment to
I:lg_\y_gii,_ and the establishment of the parasite was quickly followed by
satisfactory control of the pest. The data borne on a label attached to a _

“single inséct specimen in n Ausiralia thus contributed directly to
the successful biological M}_Mﬁnﬂwaii 65 years later.

For a while it appeared that biological control had become obsolete
owing to the success of chemicals. Recently, however, applied entomol-
ogists have had to revert increasingly to biological control because of the
development of resistant strains among insect pests and the adverse ef-
fects of many of these chemicals on human health and the well-being of

the entire ecosystem.

Theoretital Biology

The service functions of taxonomy are often stressed to such a degree
that the important contributions of systematics to the conceptual struc-
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ture o.f biology are overlooked. Population thinking, for instance, h
come into biology through taxonomy (Mayr 1963), anci indeed, one o’ft:S
two roots of population genetics is taxonomy (Chapter 3) Tt’:e robl .
of the multiplication of species was solved by taxunomis.ls Thz Oh:vm
mad? the greatest contributions to -our understanding of the.strucfure c::t:‘
species and the evolutionary role of peripheral populations and were im
portant contributors to the evolutionary synthesis (Mayr and Proviné
1980). It was‘taxonomists who continued to uhhc}id the importance of
na_tu_ral selection when the early Mendelians thought that mutation had
ehn'nnated the role of natural selection as an evolutionary factor, Taxon-
omists such as H. W. Bates and F. Miiller made significant contl:ibutions
to the und_gg_t_g\_m_iﬁlgn of mimicry and related evolutionary phenomena and
thus provided the first clear proof of natural selection. Taxonomists and
naturalists in close contact with taxonomy were instrumental in the de--
velomncm of ethology and the study of the phylogeny of behavior. Tax-
onoml§ls !:ave consistently played an important role in counteraclil.l th
reductionist tendencies dominant in so much of functional biology %he;

have thus contributed t in biologi i
e 0 a healthy balance in biological science (Mayr

The Role of Taxonomy

T P
lel:;g:;;ﬁ[;?stv;ivelslw1d;s}1:read among laboratory biologists that Sys-

rely of the pigeonholing of i is vi

: S : g oI specimens. In th

kf;c sta)lcgonomast should be content with identifying material and (lise:ilsei\r?.
de:c:.-i b:yond that,.the taxonomist should keep collections in good ordt:rg
o tnelx:t species, and ha.ve €very specimen properly labeled Ac:

& to this view, systematics is a more or less clerical activity .

In actuality systematics is one of the major subdivisions of biology, as

bmad-based a8 Renelice oo e T e
s ik et ICS O s, o 3
= ng' A, Lm°l§§llla.rbgglgg¥ I*Lll'lcl'ﬂ'dgﬁ TIot-onty=thes -

ions of identifying and elassifyin
]S(;I:i 3:_ of :ll 'é‘Specls of qrgariisms as well as ili'nnigﬁ?eu
tory. I?r;s : : hetrhla’fa In the economy of nature and in evolutionary his-
ik a”yn esis of many kinds of knowledge, theory, and method
‘ N St 1aspects of ‘clasmﬁcaitzon. The ultimate task of the system- -
Y bt o only to chCI:lbe the diversity of the living world but to con- »:
“\undemltts unders?andmg. ' )
Lk weah}f:)nc_:mldsl; are far more than the caretakers of a collection.
e op = rained field .naturah_sts who study the ecology and behav-
oyl l:;s in l:hw' qatn_re environment. Most younger systematists
oA roug| lra:{llng In various branches of biology, iﬁcludidg ge-
nd molecular biology. This experience in both field and labora-

t alsa the comparative
Tpretation of the role of

tory gi
Y gives them an excellent background for more fundamental studies.
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6 CHAPTER 1: THE SCIENCE OF TAXONOMY

The multiple role of taxonomy in biology can be summarized as fol-
lows:

I Itis the only science that provides a vivid picture of the existing or-
ganic diversity of the Earth. . ) -

2 It provides most of the information needed for a reconstruction of
the phylogeny of life. . _ |

3le reveals numerous interesting evolutionary phenomena and thus
makes them available for causal study by other branches of biology.

4 It supplies, almost exclusively, the information needed for entire
branches of biology (e.g., biogeography)' ~ e

5 It supplies classifications which are of greatest tleurlstnc_ and _explan-
atory value in most branches of biology,.e.g., evolutionary biochemistry,
immunology, ecology, genetics, ethology, and historical geology.Zi

ification i indi able basis of much biological re-
.sound classification, is the indispensable uch biologica
- l'rﬁa_pﬁ%l?sit—e for the application of the comparative method.

%ﬁ?‘r:;p;é'cts of living organisms are of ixitEfést: t'c':"syst-emgusts w;o gtii?ﬁ;
Simpson’s (1961:7) definition of the field as ‘‘the sc:entlfic s]t:jl syamong
kinds and diversity of organisms and pf any an.d all reianonsd cp]ass'lﬁca.
them.” Such studies are often meaningless without a soun o m—
tion. Studies of species formation, the fac:.tors‘of evolution, an L éfﬁéu-f
raphy are unthinkable without class!_fnicg{mp!\Classxﬁcam?nsilzrre ppublicl
larly ImporanC i appe Y R e the conect dentilcation of

environmental biology, . |
I;;?;};oﬂinthmnsect pest, disease vector, ':)1;:1 m?izzi;c;::?;;l;nt,
of an ecosystem depends on the availability of a sound ¢ - oo impor{auf

6 In the hands of its foremost exponents systematics m ortan

conceptual contributions (such as ‘population_thinkin

‘that would not
otherwise be easily accessible to experimental biologists. Thus it contrib-
utes significantly to a broadening o
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several forms of asexuality. There are primary producers; others are her-
bivores, carnivores, or parasites or have adopted other forms of special-
ization. No matter what aspect of the life history of organisms one looks
at, one will find remarkable diversity.

The study of this diversity has on the whole been rather neglected in
teaching. In discussions of this subject, two rather different aspects have
usually been confused.

CHAPTER 1: THE SCIENCE OF TAXONOMY 7

1 The teaching of taxonomy narrowly defined—that is, the teaching of
proposed classifications of animals, plants, and microorganisms; the re-
construction of their phylogeny; and the methods of identifying speci-
mens : ’

2 The study of biological diversity in all its aspects, particularly in ar-

eas where systematics overlaps with evolutionary biology, ecology, and ™

behavioral biology

In the teaching of systematics, emphasis has usually been placed on
the description and survey of the major (and a few minor) animal types.
Although at least a superficial acquaintance with the system should be
part of the background of every biologist, the teaching of systematics
should be much broader. It should include analyses of causations, theo-
ries of classification, discussions of the origin of diversity (speciation,
adaptive radiation)—in sum, all the factors and processes that are caus-
ally responsible for organic diversity. It should also attempt to develop
generalizations. Such an approach to systematics would be far more at-
tractive to the student than are the largely descriptive surveys that are
usually taught. It would permit an organismic treatment, a counterpart to
the necessarily reductionist treatment of most of molecular biology. A
modern course in the principles of systematics would provide an excel-
lent foundation for more advanced courses in evolution, population ge-
Detics, morphology, and behavior.
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f biology and to a better balance

SYSTEMATICS AS THE SCIENCE -
"OF ORGANIC DIVERSITY

The diversity of the living worl
lenging aspects of nature (Mayr

i i d chal-
d is one of the most interesting and ¢
1982a:133-146; Wilson 1988). iIE;hlsf dl}\:ﬁ;’-
trast wi i i of phys-
i rikingly i t with the ultimately uniform wor
:‘!tsylss 2::;resscdyinmvicr(tjt?ally unlimited forms of variation. First, there are

: : illions of spe-
the five major kingdoms with their myriad lower taxa andduﬁil;g:swithgut
cies. There are organisms with nuclei (eukaryotes) an

(prokaryotes). Some organisms are haploid during molst of their life cy-
cle, while others are diploid. Some reproduce sexually;

others, by one of

e ———— =

The Study of Patterned Diversity

Organic diversity is not chaotic but patterned, revealing all sorts of reg-
Ularities. These regularities have various causes, and it is one of the ma-
Jor tasks of systematics to discover the nature of the causation of these
Patterns. Rodents and lagomorphs (rabbits, etc.) have rootless gnawing
incisors. Is this evidence of common descent or of adaptation to an
€quivalent adaptive zone? Under what conditions do descendants of a
Common ancestor diverge drastically, and under what conditions do un-
Ielated taxa become convergently similar when invading the' same adap-
tive zone? Similarity might have either form of causation, and it is the

task of taxonomy to find out. There is perhaps not a single e\fglutiiznary :
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