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p.ii
PREFACE

Many have taken courses in systematic botany or systeunatic
zoology without any introduction to the principles involved.
Simpson (1945) said "The former disrepute of taxonomy in general
and classification in particular had as one result that these
subjects were not, and in many cases still are not, taught to
biologists and zoologists in training. ilany of them have gone
on to do taxonomic work of various kinds without ever having
learned hOW....A contribution, however small, to training in
classification may not, then, be unwelcome."

After having taught systematic botany and systematic zoo-
logy for many years and "Principles of Taxonomy" as a prere-
quisite for thes¢ courses for more than a decade, without an
adequate textbook, we decided to expand our lecture notes as
an outline suitable forrsuch a course.

Introductory textbooks of biology, of botany, and of zoology
usually tell us little sbout taxonomy. They may list the categories
and tell us that a scientific name is necessary to avoid confusion,
since the common name of an organism is not the same name in all
parts of the world. They may tell us that the scientific name of
an organism is composed of a genus name and a species name, and
that this method of naming (bionomial nomenclature) was invented
By Linnaeus. As a matter of fact, binomial nomenclature was in
use long before Linnaeus. He popularized the idea.

By the time a biology student is ready to study systematic
botany or systematic zoology, he probably knows little more about
taxonomy than he got from the general course. He is immediately
plunged into the use of keys for identification, binomials for
names, svnonyms, and many technical terms in manuals. He flounders
through the course, never leaining the reasons behind the compli-
cations, and comes out of the course with a sigh of relief that
he is through with taxonomy. . Actually, he has only started tax-
onomy. He is going to need some taxonomic facts and principles
as long as he remains in biology, and he does not know where to find
them, since they were not given in his course.

An examination of some of the textbooks of taxonomy (Benson,
1957, 1962; Core, 1955; Lawrence, 1951, 1955;.Mayr et al, 1953;
Porter, 1959; simpson, 1961) reveals an answer to some of the

questions, but not to all. ‘There is no single textbook available



that gives the general principles used in taxonomy of both i1
plants and animals, nor one that tells where to look for the
answers, )

Of immediate interest and importance to a student starting
a study of taxonomy is what is involved, what preparation is
needed, and of what use the imformation will be when the course
is completed. Some of the problems confronting the beginning
taxonomist are the history of taxonomy, the literature available
in the field, research c@mters and libraries, the taxonomic
characters, the preparation and use of keys and publications, the
rules of nomenclature, and the collection and preservation of
specimens.

This is not intended to be an exhaustive treatise on the subject,
but mainly an outline guide with references for further study.
It is our hope that this outline may help some beginner to undeistand
the "why" of some of our nomenclature. Perhaps this may sufficiently
interest a few students that they will wish to help in solving
gome of the many problems of taxonomy.

Many references have been given. A few of them are classics
or basic in the field. Some of them are standard works that may
be found in any biology library. The majority of them, however,
are references to current literature, indicating the vast amount
of work being done on the various phases of taxonomy today. It
is not expected that the student will look up all references,
but he should certainly examine carefully some of the references

for each group cited.



INTRODUCTION

It is recognized by all that we must have names to apply to the
organisms with which we are concerned. The first recorded work of
man was naming the animals (Gen. 2:20). ile are still naming plants
and animals and trying to correlate the many duplicate names given
some organisms.

Many of the names are not appropriate. This is particularly
true of common or vernacular names, which may vary from one locality
to another. The sun perch is not a perch, the brown thrush is nmot a
thrush, the horned toad is not a toad, bear grass is not a grass,
Jerusalem cherry is neither a cherry nor from Jerusalem. Many more
examples could be given.

Long before lLinnaeus, the need was felt for universally used names
for plants and animals. Since latin was the language of the scholars,
a Latin name was assigned each group (genus). Exemples are Qusrcus
for all oaks and Canis for all doglike animals. The different kinds
(species) were differentiated by using modificrs to limit or describe
the generic name. Many of these namcs became unwieldy with additional
modifiers, although some of them were made up of only the generic name
with one modifier, which Linnacus called the trivial name. Linnaeus
standardized this in the so-called binomial (binominal) system which
we use today.

As a rzsult of the work of taxonomists, eazh known organisn has one
correct (valid) scientific neme. Many orzanisms have other scientific
names (synonyms) which werc given after thc original scientific name
by someonc not acguainted with the facfﬁat was already named, or for
other reasons. In addition, most organisms kncwn to man have one or
more common names. _

The common or vernacular name is somewhat broader in its scope than

the scientific name. Helianthus annuus is more restrictive than '"sun-~

flower" and Bufo americana is more selective than "toad". However, m
s many

individuals can recognizc several kinds of sunflowers, such as annual,
Maximillan's, narrow-leaved, western, etc. Mayr (1963) reminds us of
one of his earlier studics in New Guinea where the native hunters
rccognized 136 kinds of local birds with vernacular names. Mayr found
there were actually 137 species present. Almost all of these birds be-
longed to endemic species, that is, each was found herc in its ecolo-
gical niche and not found in other parts of the world. Where we have
1



2
little or no migfation or integration, the speciecs is likely to be
more distinct.

Naming of plants and animals-was followed closely by attempts at
grouping to show relationships (classification). The first systems
were "artificial' groups for convenience and usually were bascd on a
single characteristic such as "red flowers" or "swimming birds'". Some
of these early systems were partly valid, but many of them showed no
actual phylogenetic rclationships. More recent systems are more valid
and are spoken of as "natural" systems. A true phylogenetic system is
not yet possible because of gaps in our information files. The main
gaps arc in the fossil record, but we are by-passing these now with some
of our necwer sources of data from ecology, physiology, ethology, etc.,
especially date from cxperimental organisms. Orr (1963 and Constance
(1964) concluded that some of these new techniques are shedding light on
the relationships of some groups where the systematics were uncertain and,
at the samc time, confirming previous conclusions with rcgard to others.
Blackwelder (1959) smys "The newer types of data do not threaten to
replace the more customary dats of comparative structure. They will
correct, bolster, and supplement the data from older methods." The
"WNew Systematics'" of Huxley (1940) came into being when we added pop-
ulntlon genctics to the older systematic studics of comparqtive struc~
ture and gcological and geographical distribution (Wharton, 1959).
Linnaeus tricd to develop a natural phylogenetic system of classifica-
tion. Each new generation of students brings us closer to that ideel.

Alston and Turncr (196%) divided the history of taxonemy into five .
distinct groups, each beginning, or ending, with a major "breakthrough"
in methods or thought. These are (l) megamorphic to about 1700 A.D.,
ending with the use of the microscope; (2) micromorphic to about 186Q,
with Darwin's Origin of the Species; (3) evolutionary to the re-
discovery of lMendel's laws about 19003 (4) cytogenetical ué to the
present which is thc beginning of the (5) biochemical. This began
with the development of chromatography and the determination of sequences
of sub-units of polynucleotides such asvDNA and RNA.

The work of the taxonomist is to identify spscimens and to try to
work out a classification on the basis of the data available, There
was a time when all his work was identification or of cataloging what
was present. This may be thought of as the analytical or alpha stage

of investigation. The writing at that time was largely descriptive.
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There are geographic areas, or taxonomic groups, where this is yét

the major part of the work being done today. Ehrlich (1961) suggested
that Linnaeus could feel perfecfiy at home in a:tékonomy Laboratory
today, doing the same things he did 200 years ago. He believes ‘‘there
will be more changes in the next decade than in the past two cénturies."

The second (or beta) stage of the work is an attempt at synthesis
of the descriptive data available. This is where classification occurs.
Most of our groups over much of the world have now entered this phase.

The third (or gemma) stage of the work is experimentation. We are
barely entering this phase for most of our taxonomic groups. In this
phase, we will use geographic distribution, ecology, psychology and
ethology, cytology, and physiology (serology, chromatography, and’
electrophoresis). Statistical analysis must be employed in any attempt
to use these data.

Simpson (1961) and Wharton (1959) outline the techniques involved
in the work ef the taxenomists It is necessary te make an aspproximate
identification with the use of keys, figures, and descriptions in the
literature, then compare our specimen with previously identified
specimens. If our determination is correct, the specimen is then filed 7
in the collection, and the job is complete. If it is not correct, it is
necessary to repeat the earlier steps, using more literature and com-
paring more specimens., It may be a new species which has not been
described in the literature. If so, we must then assign a name, write
a suitable description, and publish it in an:acceptable journal. We
must designate a specimen as a "type" of the new taxon and state in the
publication where it is to bé stored. 'wWhile these techniques are
simple and precise, they are also time consuming and costly." (Wharton,
1959).

The other work of the taxonomist, which is essential to the entire
process, is the theorstical synthesis of the data available, in the
writing of monographs and other sorts of technical papers. Identifi-
cation is dependent upon the menographic @iterature published, and this,
in turn, cannot be written until we have enough specimens studied, and
manuals and other papers written. Thus, we see it is a "vicious
circle" with monographers waiting for the groundwork, and the taxono-~
mists in general waiting for monographs.

Benson (1962) says the taxonomist engages ih (1) exploration for
data, (2) classification of what he and otbers have found, (3) choice

of names for what he considers worthy of naming, (4) description and
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docunentation so that others may distinguish them, and (5) synthesis
of the whole into a monograph. He concludes "the goal of taxonomy is
orgsnization."” ) ‘

With the taxonomic work that has been done, we now have estimates
of about 500,000 species of plants and of about 1,000,000 species of
animals already identified. That not all organisms have been identified
can be quickly verified by glancing through some of the nearly 5,000
biological research journals now being published. New species and new
genera are being described regularly. QOccasionally we find a new
family neme or order name proposed. These are usually the result of
splitting previous families or orders because of additional new data or
new interpretations. Durham et. al (1963) described a new class of
echinoderms, probably the first new class to be proposed in 20 years.
Simpson (1945) said "Now no living zoologist has seen the discovery of
any major group of recent mammals ... and the discovery of really new
genera and species has slowed to such an extent that it is clear that
glmost all existing kinds of mamuals have been found." Orr (1961)
poiﬁts out that since the time of Linnaeus, “nearly all of our verte-
brates have been named, and many collections assembled in museums
have provided fairly accurate information on the distribution of most
species. Within the past 50 years or so, there has also been accumu-
1atea a host of subspecies names which indicate the geographic varia-
bility thét occurs within most specific groups."

This is definitely not the picture projected by taxonoﬁists in
other groups, however. Wharton (1959) said the total number of species
of aninsls to be found will vary from 2% to 10 times the presently known
number. With about 40,000 species of fungi known, it is estimated there
may be as meny as 300,000 species before we are through (Staflau, 1959).
Rogers (1960) thinks we have enough unworked material in our herbaria
to keep the taxonomists busy for at least 50 years. Keck (1959)
estimates we may be able to "approximately" complete the job of inven-
torying all higher plants, at the present rate and_with our present
supply of taxonomists, in another 70 or 80 years. He snys it will
tnke 2 or 3 times that long for the cryptogams and 6 to 8 times as long
for the insects. .

A study by Wharton_(1959)-showed that, of the animals known in 1950,
only 1.8% had been named by 1800. Of those named by 1950, 21.1% of
the Galliformes (birds) and 14.5% of* the Pelecypoda (Mollusca) were
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known in 1800. Linnaeus had an average of about 13 species in each
of his genera. We have about the same average today, but we have
many more genera as a result of splitting,as well as discover=

ing new genera.

Wharton (1959) says "It is inconceivable that a civilization that
aspires to reach the moon can long afford to be ignorant of the kinds
of animals on earth' and Keck (1959) suggests that many endemics will
be exterminated before we know what we have lost. We are now beginning
to think of how we should name the organisms of other planets, if
we should find any (Claus, 1962; Michener, 19633 Palik, 1963; van
Landingham, 1963).

To take care of all the work ahead of us, we have about 2,000 plant
specialists (de Roon, 1958 and Staflau, 1959) and about 7,000 system-
atic zoologists (Blackwelder et al, 1961). Bryan (1963) published a
list of botanists, primarily plant taxonomists, who are working on
Pacific plants. TFew of all tliese are full time taxonomists. The
plant specialists are divided)with about 60% working on flowering plants,
14% on fungi, 10% on algae, 8% on mosses, 6% on bacteria, 3% on lichens,
and 2% on ferns. There is a little overlapping,so this totals to more
than 100%. This gives us abbut one taxonomist for each 50,000 to
70,000 herbarium specimens in the major herbaria of the world. Many
large institutions have only one worker in each of the major groups
of cryptogams., |

We find about 1400 paleontclogists (with workers in Foraminifera
predominating) among the animal taxonomists. About 75% of the other
systematic zoologists are working in vertebrate zoology, although
there are at least 10 times as many invertebrate as vertebrate animals
known (and how many unknown?). Among the invertebrate zoologists
there are about 350 acarologists (Blackwelder,1961).

The question at once comes to mind "Why aren't there more taxonomists,
especially in the unworked fields?" The training fecilities, or lack
of them, is probably the major answer. Blackwelder (1959) points
out that a Ph.D.'degree is not a prerequisite to taxonomic work, but
"‘what is important is that these concepts (basic concepts of taxonomy)
be understood and that the methods of utilizing them be known and
understood." Sokal (Leone, 1964) said a student must study the rules
of taxonomic procedures with an understanding of the philosophy back
of thems; he must also study populations, ecology, genetics, biochemistry,

and (most important) statistics through anslysis of variance. Staflau
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(1959) pointed out that there are relatively few good training centers
for taxonomistss the pay is not equal to that received in applied
sciences; the taxonomist is not in high regard by the public, the
government, or even by some biologists; and the training is difficult
and time consuming. ior example, a mycologist may have to look through
parts of at least 180 volumes %0 determine the correct name for some
fungi. Steere (1960) stated that the taxonomist must spend too much
time writing labels, packaging specimens, typing manuscripts, and other
routine jobs that can't be trusted to the untrained. Staflau (1959)
concluded "These social aspects of being a taxonomist (lack of esteem,
poor pay, and difficult training) have a great influence on the state
of taxonomy today."

To be sure of what we are preparing to discuss, it is well to define
some terms, especially since scme of them have two or more definitions.
NSemantics remains as one of the principal difficulties in discussing
classification or taxonomy" since many of the terms used '"may have such
diversc connotations that effective communication is not possible |
(Blackwelder, 1962).

Taxonomy is here thought of as being made up of the theory and
practice of identification and classification. Blackwelder (1959) gave
s somewhat narrower definitions taxonomy is work on species and their
segregates —segrogation, naming, and identification of genera and '
species and lesser groups. Simpson (1961) defined taxonomy as "the
science of both the theory and practice of clagsification." Steere
(1960) said "To the phanerogamic botanist, thc word taxonomy connotes
vascular taxonomy." Similarly, the vertebrate zoologist thinks only of
verbebrates in connection with taxonomy.

Simpson (1961) defined sysfematics as the scientific study of the
.kinds and diversity of organisms, and any and all relationships among
them. Many zoologists use systematics and taxonomy as synonymous
(Blackwelder, 1959; Orr, 1561).

Tdentification is recognizing the organism and attaching the correct

name to it.

Classification is the specific arrangement of the kinds and groups

of organisms into a system. The art of classification is considered
first with delimitation and then with the ranking of taxa, according
to Simpson (1961). Simpson also said classification is a process
(classifying organisms) and & result (explicit arrangement of the

names) .
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Phenetic classification refers to a classification based upon overall
resemblances between organisms, and phyletic classification, showing the
evolutionary relationship, is derived from the phenetic (Heywood, 1964).

A taxon (plural taxa) is a set, the members of which are organisms,
or a taxon is a group of real organisms recognized as a formal unit at
any level of a hierarchic classification (Simpson, 1961),0r a taxon
may be the name applied to such a group.

A hierarchy is "classification by subordination through a series
of steps or levels" (Simpson, 1961).

Biosystematics has been defined as cxperimental taxonomy (Bocher,
1963) .

Nomenclature is a system of naming, or is naming according to the

rules.

Binomial (or binominal) means having two names, usually thought of

as the goneric and specific (or trivial) names., In some groups (birds,
for example) each name is a trinomial, having the generic and specific
names plus a subspecific or a varietal noame,

A name based upon only one subordinate group (a species with only one
variety, or a genus with only one species) is spoken of as being mono-

typic. A polytypic name is one which is based upon several subordinate

groups of equal rank (as two or more species in a genus ).

A.legitimate name is any name that is correctly published (according
to the rules) with an adequate description and reference to a type. |
All others are illegitimate (see Donk, 1963%a, b, c, d). A hyponym
is an example of an illegitimate name, being any name which is undeter-
mined and indeterminable from the published description. A basionym
is the original published name, and an isonym is any ncw, or more recent,
name given to a taxon.

A valid name is one that conforms to all the rules of nomenclature.
Any other name is invalid or non-valid. Examples would be secondary
synonyms (other names applicd to the same taxon) and homonyms (the
same name applied to two or more taxa). A primary synonym is both valid
and legitimate.

A Ezgg is the specimen upon which a taxon is based; or the taxon
upon which the next higher catezory is based.

The remaining chapters will try to point out some of the problems
in taxonomy, with suggestions of sources of material to find out more

about thesec problems and their possible solution.



HISTORY AND EXPLORATION

Systematic botany and systematic zoology began with the ancients.
We have little evidence of study until about the time of Aristotie
(384-322 B. C.) and Theophrastus (371-287 B. C.). Pliny (4. D. 23-79)
is outstanding among the Romans for his taxonomic studies in Historia
Naturalis. Over a thousand years later, the herbalists attempted to
describe all the known plants, egpecially those with known or suspected
medicinal properties. Fart of their evidence of medicinal values of
plants rested upon the "Doctrine of Signatures" which stated that the
intended use of a plant was indicated in the shape, color, etc. of some
part of the plant, Por exomplc, n leaf _sheped like a heart or.liver was
intended to be used for heart or liver ailments, respectively. Among the
nost celebrated herbalists were Bock, Brunfels, Cesalpino, Fuchs, 1'Obel,
. and Paracelsus. '

The ancient Greeks divided all material things into mineral, vegetable,
and animal kingdous. These were further divided and subdivided into '
- smaller gréups. The classification of plants attempted by the ancients
and by the herbalists was mostly artificial, based upen flower color,
amount ofwoody tiséue (herb, shrub, tree), pocition of stem, etc. Their
claséification of animals was much better with divisions into Vertebrata
and Invertebrata. The latter were further broken into Arthropoda, Radiata,
Vermes, etc. Their~maj%£a%ivisions of Vertebrata were approximately the
same as ours today exceptswhales, for example, were usually listed with
fish. With the relatively small number of spccies known to the ancient
Greeks, this system served its purpose and was retained, with minor
variations, by thc Romans and on down through the medieval times.
Agassiz (Lurie, 1965) comparecd the systems of classification and concluded
"In these attempts to errange minor groups of animals into natural
series, no one can fail to percéive an effort to adapt the frames of
our systems to the impressions we receive from a careful examination of
the natural relations of organized beings."

With the Renaissance, we find an increased interést in natural
history. New studies and ex loratlﬁng brought many new and strange
organisms to thebs attentloﬁ§ Various students° mainly doctors, tried
to organize the knowledge into some sort of system (see Benson, 1957,
19625 Core, 1955; Lawrence, 1951, 19553 Mayr et al, 1953; Orr, 1961;
Porter, 1959; Simpson, 1945, 1961; Wagner, 1963; et al). These attempts

8
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at organization bf knowledge may be thought to have culminated in the
works of Linnaeus,(l753, 1758). No other great advance was made until
the Natural Selection Theory of Darwin (1859). Simpson (1961) says
"Evolutionary taxonomy stems explicitly and almost exclusively from
Darwin."

Tournefort (1656-1708) gave us a semblance of a system of classifi-
cation when he defined the modern concept of the genus. The studies
up to his time may be thought of, primarily, as local flora and fauna
studies. With the introduction of the concept of the genus, we were
ready for broader studies.

The great major advance in taxonomy came with the work of Linnaeus
(1707-1778). His life and work have been written up by several writers,
as Gourlie (1953), for example. The ability of Linnaeus to see slight
differences and resemblances and to evaluate these enabled him to work
out systems of classification and organize plants (and animals later)
into a definite hierarchy of categories, much the same as we have today,
except we sometimes place a different value on some of the characters.
For example, he considered the male element to be of greater importance
than the female, so he divided the flowering plants into major groups
(classes) on the basis of the stamens. These were broken down into the
next category (orders) on the basis of the number and arrangement of

the pistils or carpels. His Species Plantarum (1753) classified,

described, and named all species of plants known at that time. His

system of naming was binomial (binominal) with a genus name followed

by'a species name. He continued the same system in his Systema Naturae
(1758) for animals. These two works, with oxceptions (notably Fungi.
and Musci) are now used as the beginning of all systematic studies.

The history of plant taxonomy and botanical explorations are well
covered by Benson (1957), Core (1955), Gilmour et al (1964), Lawrence
(1951, 1955), Pool (1929), Porter (1959), Whittaker (1962), and others.

The history of animal taxonomy is not so well covered. Simpson (1961)
says "To my knowledge, no adequate treatment or even sufficient summary
of the history of taxonomy or of classification has ever been published."
However, we can find some works on explorations in various reports and
biographies such as Akeley (1923), Beebe (1945), Berkeley and Berkeley
(1963), Edwords (1893), Gilmour (1946), Goldschmidt. (1956), Gourlie
(1953), Hawkes (1928), Humphrey (1961), Johnson (1940), Kelly - (1914),
Kibbe (1953), Rodgers (1940, 1949), Sternberg (1909), van Doren (1940),
von Hagen (1945), Wolfe (1945), L.N. Wood (1944), and others. Hubbs
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(1964) and Myers (1964) give us a history of ichthyology in America
with pictures of more than 30 ichthyologists.

Early North American explorers who should be mentioned include
Audubon, Baird, Bartram, Bigelow, Cope, Coues, Engelmann, Girard,
Gunnison, Jordan, Macoun, Michaux, Muhlenberg, Nuttall, Pursh, Rafin-
esque, and Wilson. For other parts of the world, we have Darwin, Hum-
boldt, and Spruce for South Americas Thunberg for Japan and.Korea; James
Cook for New Zealand and Australia; Adanson for Africa; Komarov for
Siberias Blume; Merrill, Rumphius, and van Steenis for Southeast Asis
and the Bast Indiess Paul Siple for Antarctica. Many more can be found
by looking through bibliographies such as Simpson (1945) and Merrill
(1947). Most of these men collected specimens of "natural history"
which include plants, animals, fossils, rocks, and minerals, so their
works are to be included in both plant and animal taxonomy. The railroad
surveys of the U. S. Government (1853-1860) list men such as Bigelow,
Cooper, Engelmann, Gray, Nuttall, Sullivant, and Torrey, who went on
the expeditions or did the identifications after the return of the ex-
pedition. Osborn (1925) discussed Burroughs, Cope, Muir, Theodore
Roosevelt, and other naturalists he had known. Johnson's Natural His-
tory {(Goodrich, 1881) named Audubon, Baird, Buffon, DeKay, Forbes,
Kirtland, Nuttall, Say, Storer, Wilson, and others in the field of
nature. Orr (1961) lists some of the same men. Meisel (1924-29), in
his three volumes of iAmerican Natural History, gives reference to pub-
lished reports of American explorations to 1865.

Charles Darwin's voyage of the Beagle gave him some studies which
led to the "Origin of the Species™, and this has had profound influence
upon later day thinkiﬁg in taxonouy. Feeling was very high at the time,
with taxonomists being turned against other taxonomists because of their
interpretation of the theory. A4sa Gray and Louis Agassiz became enemies,
although in thc same institution, because of this theory.

Several new ideas of phylogeny of plants have been proposed since
Linnacus. These are discussed in some of the texts mentioned above.
Some of the best~known theories include those of Bessey, Eichler with
Engler and Prantl, Hutchinson, and Tippo. The major differences be-
tween these theories are given in the chapter on phylogeny. The Engler-
Prantl system is sbtill used more in the large herbaria and regional
floras of the world (Core, 1955). Crongquist (Gleason and Cronquist,
1963) says "the Inglerian sequence of families and orders of angiosperms

is no longer regarded as phylogenetically sound, and it must be replaced



11
by & system bagsed on essentially Besseyan principles.”
.lthough not all the far corners of the earth have been completely
investigated, there is mach work to be done (or re-done) in the home

fields. i inderson (1952) suggested anyone can investigate the ashheaps

and dumps in his home arca with good results, although it does not sound

so thrilling as an expedition to the rain forests.



PHYLOGENY, CATEGORIES, 4ND SPECIES CONCEPTS

The organisms can easily be placed into a system of categories
descending from the larger group-into smaller and smaller groups.
This hierarchy of categories becomes more complex and more difficult
to interpret with cach succceding step down the series,

Up to the time of Darwin, there was little @oubt in the minds of
the workers that each species was created distinct and had maintained
distinction from the original week of creation to the present. 4an
occasional student came up with an idea of phylogeny, but the ideas
proposed were without evidence and can be considered as little more
than hypotheses or speculations.

Linnaeus (and some of the others) divided the kingdoms into classes,
and on down through orders, genera, and species. They thought one full
specimen was sufficient to represcnt any one species, since each species
created had "reproduced after its kind." Linnaeus, according to ‘Benson
(1962), gave away his duplicate specimens since each specimen was |
representative of the species. Even recently, one of our large herbaria
had a dircctor who wished to cut down their collections to a "voucher"
specimen.for each species. Benson (1962) sugzests the voucher specimen -
will be no more representative of the species than a single mounted
specimen of a dog "recpresents all the brecds and mongrels of Canis
familiaris."

Today, we have very much the same categories that Linnaeus used, but
with somewhat different emphasis on scme of thems We have added phylum
(or division) and family. Linnaeus' genera are nearly equivalent to
families of today (Benson, 1962 and Wharton, 1959). We have also
divided each catecgory into sub-categories. Some categories have been
consolidated into super—catégories, such as a super-family made up of
several selected families., The super-family is more restricted than
an order. Some taxonomists insert cohorts, tribes, etc. as additional
categories in certain complex groups.

4t the present time, our concepts of the hlgher categories are very
well established by definitions in the Codes of Nomenclature. In
botanical nomenclature, we find division is used instead of phylum for
the major groupings. Several workers with the lower phyla opr divisions
have propcsed establishment of other kingdoms for these lower organisms
(Copeland, 1956). Dillon (1963) suggests we form 14 sub-kingdoms,
which he then proposes to divide into provinces and sub-provinces on the

_basis of comparative anatomy. 12



PHYLOGENY, CATEGORIES, LND SPECIES CONCEPIS

The organisms can easily be placed into a system of categories
descending from the larger group-into smaller and smaller groups.
This hierarchy of categories becomes more complex and more difficult
to interpret with each succceding step down the series.

Up to the time of Darwin, there was little @oubt in the minds of
the workers that each species was created distinct and had maintained
distinction from the original week of creation to the present. 4in
occasional student came up with an idea of phylogeny, but the ideas
proposed were without evidence and can be considered as little more
then hypotheses or speculations.

Linnaeus (and some of the others) divided the kingdoms into classes,
and on down through orders, genera, and species. They thought one full
specimen wes sufficient to represcnt any one species, since each species
created had "repro@uced after its kind." Linnacus, according to Benson
(1962), gave away his duplicate specimens sinceAeach gpecimen was
representative of the species. Even recently, one of our large herbaria
had a dircctor who wished to cut down their collections to a "voucher"
specimen -for each species. Benson (1962) sugzests the voucher specimen -’
will be no more representative of the species than a single mounted
specimen of a dog "rcpresents all the brecds and mongrels of Canis
familiaris."

Today, we have very much the same categories that Linnaeus used, but
with somewhat different emphasis on some of thems We have added phylun
(or division) and fanily. Linnacus' genera are nearly equivalent to
families of today (Benson, 1962 and Wharton, 1959). We have also
divided cach category into sub-categories. Some categories have been
consolidated into super-categories, such as a super-family made up of
several selected families. The sﬁper—family is more restricted than
an order. Some taxonomists insert cohprts, tribes, etc. as additional
categories in certain complex groups.

4t the present time, our concepts of the higher categories are very
well established by definitions in the Codes of Nomenclature. In
botanical nomenclature, we find division is used instead of phylum for
the major groupings. Several workers with the lower phyls or divisions
have propcsed establishment of other kingdoms for these lower organisms
(Copeland, 1956). Dillon (1963) suggests we form 14 sub-kingdoms,
which he then proposes to divide into provinces and sub-provinces on the

basis of comparative anatomy. 12
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The Codes provide for standardization of name endings for most of
the higher categories. . family name must be the name of the first (or
principal) genus plus the standdrd ending of -aceae for plants (eight
older family names are excmpt from this ruling) or -idae for animal
names. The order name is to be the basal part of the type family name
plus the prescribed ending. The order ending for all plants is ~ales.
The zoologists have various order endings for the various groups. Fish
and bird order names end in -iformes and insect orders with -ptera.
Other endings can be found in the various Codes. The rules for forming
the generic and specific (trivial) names are given in the chapter on
Codes of Nomenclature. '

The speciés is the basic category in all classifications but is not
casily defined, as there seem to be too many exceptions to any definition
proposed. Specieé comes from the Latin word meening "kinds". The spec-
ies concept is defined in the Codes, but there is a difference in inter-
pretation of the definitions. The definitions proposed range all the
way from "an abstraction" and a "mental section of a line of evolution"
to some of the more complex definitions given below. among the inter-
pretations of the species concepts we find there are several "kinds" of |
speciés. 4ll of these interpretations, however, point to the species
as being a population, rather than an individual (see Heslop-Harrison,
1963).

Simpson (1961) defines severnl kinds of species. .mong these are
apogamospecies, biological or genetioalAspecies, morphospecies, paleo~
species, and taxonomic species. He objects to the term biological
species but defines it (as genetical species) as follows: "among
biparental, contemporaneous organisms it is a group of interbreeding
orgenisms genetically isolated from other such groups." Mayr (1940)
defines it as "a group of actually or potentially interbreeding natural
populations, which arc reproductively separated from other such groups."
Heywood (196%) considers the species as being an aggregate or assemblage
"of individuals with morphological features in common and separable from
other such nsscmblages by correlated morphological discontinuities in
a number of feactures.'

The definition of the species is one of the most discussed and varied
problems in taxonomy, with about as many definitions as there are
taxonomists. Simpson (1961) said the species problem "has probably
caused more ink to flow than any other point in tamonomy." Fulford

(Symposium, 1963) said "I do not know what a species isf although she
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has described several new species. She adds another definition of a
species as being a group of individuals essentially gimilar in all
important characters and adds "Here, a species is a Jjudgment." She
quotes H. a. Gleason as saying "A - species is what a competent taxonomist
thinks it is." Heslop-Harrison (1952) summed up the problem in his
‘statement "whenever a systematist publishes a gpecies novum he is
claiming that in that particular group in which he is working, he at
least knows what is a species." Love (1962) has further elaborated
upon the "biosystematics' species concept. The fullest discussion of
the problem without clarifying the issue, is Mayr (1963). Species of
most Protozoa, and other uniparental strains present additional pro-
blems in the light of some of our definitions. These are reviewed by
Sonneborn (in Mayr, 1957). He estimates that the biological species
concept is applicable only to a minority of all organisms,

In the study of species in one locality and at one time (sympatric
and synchronous), Mayr (1963) points out that the species are clearly
defined and sharply separated from all other species. This is usually
true, but to try to compare these species with others (allopatric or
fossil) presents difficulties. In the final analysis, the definition
of a species must be fitted to the previous experience of the one de-
fining it, with many variations and exceptions allowed for the many
ideas and views available., Lindsey (1952) has said a species is like
a river with all its tributaries, seasonal fluctuations and floods, ed-
dies, etc. constantly changing.. Ve cross the river at one point and say
we have seen. it. 4Another sees it at another point or another season and
sees something different.

Some examples of exceptions .to the above definitions of a species may

be found in frogs and toads. Rana pipiens from the northern states

cannot mete with those of that species from Florida and give viable
offspring, yet we list them as the same species (Merrell, 1962). Bufo

americanus, B. fowleri, and B. woodhousei are all found in the same

range and hybridize relarly, so it is nearly impossible to tell which
one you have. They probably did not hybridize until man changed their
habitats, so their ecological niches now overlap.

Clapham et al (1962) said Hierscium (Compositae) was their most
difficult problem. It is a "mobile" species with about 260 apomictic
"species". Many species already described have become extinct and other

species evolved since the first studies of the genus in the British Isles.

How many variations should be allowed within a species before splitting
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it into two species has caused a splitting of the texonomists into two
groups. Those who favor meking a new species, if it shows any amount
of veriation, are spoken of as "splitters", while those-opposed to mak-
ing a new species, if there is any amount of resemblance, are known as
"lumpers". Most taxonomists can be put into one of these two groups.

Ehrlich (1961) says "I think the biological species concept has out-
1ived its usefulness" and that we should express relationships at the
lower levels numerically (see also Michener, 1963). Conard (1953) sug-
gested alphabetical classification of variable material, using a, b,
¢, etc. to indicate the degrees of variation, egpecially at the sub-
specific (varietal and form) levels.

When we get to the infraspecific levels, we find even more disagree-
ment as to separation of the taxa. Kuzin (1962) suggests the species
is polymorphic, and the subspecies are not subspecies of the species
but are categories of intraspecific variability. The ornithologists
* divide practically all their species into subspeeies. Other groups of
organisms are similarly divided, but into varieties. Tilden (1961)
suggests‘a redefinition of the infraspecific categories. Tutin (1963)
proposes a definitiqﬁ of the subspecies on morphological differences and.
geographic or scologic isolation throughout mest of their range. "Then
the almost meaningless categories of variety and form . . . can be '
abandoned." B A '

The differences between varieties in some taxe are considered of.
sufficient importance to be of use in differentiating genera, or even
families, in other taxaj ﬂhat'is, a greater value is placed on a tax-
onomic character in one group than in another. Tutin (1963) says
this difference in value placed upon a taxonomic character can have an
effect upon the rank assigned to the toxon and also on the amount of
morphological diversity allowed within a taxon. Adanson (1763) sug-
gested evaluating all characteristics equally, regardiess of the group
(the synthesis of all characters to express the meaning of the whole).
His ideas are now being reviewed by various workers (James, 1963%; Kiria-
koff, 1962; Simpson, 1961; Sokal and Sneath, 1963). In the summer of
1963, the Rachel McMasters Miller Hunt Botanical Library (Pittsburgh,
Pa.) held a "Bicentennial Symposium" in honor of the revival of sdanson's
works (see Lawrence, 1963).

Species arise by mutation, hybridization, polyploidy, and adaptation.
Sympatric species, which occupy the same area (same homeland) probably

arose by mutation of one group or by hybridization of one group with
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another invading species. They may have become sympatric by the invasion
of the area by an allopatric (foreign homeland) species. 4allopatric
species normally occupy different areas. They probably arose by adapt-
ation of a species to different environments,although they could have
arisen by mutation or by hybridization, followed by separation from
the center in different directions. Mayr et al (1953%) end Orr (1961)
“have good discussions of allopatric and sympatric species,. The origin
of species is covered in detail by Blair (1961), Kosswig (1963), Lind-
sey (1952), Mayr (1942, 1957), Merrell (1962), Simons (1963), Simpson
(1961), and Swanson (1957).

Various phylogenies have been developed on the basis of the inter-
pretation of the value of a taxonomic character. an example of this
interpretation is to be found in the phylogenies proposed for flowering
plants. Engler and Prantl (1897—1915) considered the lack of petals
and sepals as being a primitive condition, so they put the apetalous
plants together at the bottom of the phylogenetic tree. Bessey (Pool,
1929) and Hutchinson (1926) both considered this to be a reduced con-
dition,so they placed these plants higher on the scale. Bessey con-
sidered the Ranales to be the bottom of the tree for angiosperms and
' branching upward into the monocotyledonous and the dicotyledonous plants,
with the latter branching again to form the hypogenous group and the
epigenous or perigenous group. Hutchinson (1926, 34, 1959) also pro-
posed monophyletic origin of the ungiosperms, but he divided the dicoty-

ledonous plants into Lignosae and Herbaceae. Tippo (1942) has brought

together the modern ideas into what has now developed into our present
most widely accepted system of classification. Some of the phylogenies
which have been.proposed are to> be found in Benson (1957, 1962), Cock-
rum (1962), Collette (1963), Core (1955), Cronquist (1960), Lawrence
(1951, 1955), Lurie (1962), Orr (1961), Porter (1959), Simpson (1945, -
1961), and Young (1962). Parsons ct al (1963) give a new idea of phy-
logeny for the amphibia on‘the basis of a re-appraisal of the available
data. There will be continuing revisions until all the data have been
mede available and analyzed to give uniform interpretations. Mayr (1965)
gives a good review of the presént'situation of classification and phy-

logeny in zoology.



LITERATURE

Taxonomic literature is widely scattered and much of it is not
generally available. Several textbooks of plént taxonomy give B8 a
fairly good list of plant taxonomy literature, starting with Linnaeus'
Species Plantarum (1753) and coming on down to recent times. .Jmong
these textbooks are Benson (1957, 1962), Core (1955), Lawrence (1951),
Po01(1929), and Porter (1959). In most of .these, we will find recommend-

ed manuals and floras for given areas of the United States. These man-

uals are only for vascular plants.

Blake (1954) lists most of the floras and manuals available at that
time for the United States. Blake and atwood (1942, 1961) included
similar lists for most of the world except isia. Merrill and VWalker
(1938, 1947) and Walker (1960) gave similar lists for eastern isia
and the Islands of the Pacific. Core (1955) recommends certain books
for many of the areas of the worlkd, outside the United States.

Species Plantarum (Linnaeus, 1753) lists all the plant spécies known

then, with the proposed binomial (binominal) and a description and
‘geographic range for each, arranged according to his scheme of class-
ification. Benthamand Hooker (1862-83) published a 3 volume set of

Genera Plantarum. Index Kewensis (Hooker and Jackson, 1885~ ) lists

all species of vascular plants of the world with references to the ori-
ginal publication. Supplements to this keep it nearly up-to-date. The
Gray Herbarium Card Index (1885~ ) does the same thing for all american
plants. This, being printed on cards, is much easier to file, use, and
keep up-to-date.

Engler and Prantl (1897-1915 and 1924-42, incomplete) attempted to
describe all known families of the plant kingdom, with representative
genera and species and their distribution. Engler and Diels (1936) and;
more recently, Melchior and Werdermann (1954~ ) are trying to rewrite
this series in a briefer form and incorporate new additions. In all of
these, the families are arranged according to the well-known "Engler
and Prantl system". _

Hutchinson (1926 .34, 1959) described-the plant families and (1964- )
the genera arrenged according to his proposed system of phylogeny. Gun-
derson (1950) lists all known plant families, in an order for a modified
system of phylogeny. Dalla Torre and Harms (1900-07) agsigned numbers
1 to 9629 to all known plant genera, according to the Engler and Prantl
system. This system of numbers made no provision for acdition of new

genera which may be discovered. It is a system used in many of our
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large herbaria. S§dney Gould (1962, 1963) has worked out another system
for all families of the plant kingdom, with the proposal to extend it

to the genera and possibly to the species, with a number assigned to
each. His system is flexible, allows for expansion, and is adapted to
punchcards. ,

Gray's Manual of Botaeny (Fernald, 1950) includes all the vascular
plants known for thé northern United States and adjacent Canada, south
to about the Mason-Dixon line, and west to approximately 105° west
longitude. It has very good keys and descriptions for most of the
plants,but it is = large book for field use, and some of the keys
are unwieldy.

Gleason (1952) rewrote Britton and Brown's Illustrated Flora covering
about the same area. It is in 3 volumes, so it cannot be used as a
field guide. It has illustrations of all species listed, and most of
'ﬁhem are excellent, showing distinctly the diagnostic characters for
the species. The nomenclature frequently disagrees with Fernald (1950).
Gleasoﬁ'and Cronguist (1963) published a revision of the Britton and
Brown in one volume and covering a little less area. It has few illus-
trations.and is not quite so large as Gray's Manuél, but many of the
keys are too long. A

Abrams (1923-60) has a 4 volume illustrated flora of the Pacific
States. Anderson's Flora of Alaska and adjacent Canada was published
in 1959 and Yiggins and Thomas, also for Alaska, in 1962, Hitchcock
et al (1955- ) have a set of manuals for the Pacific Northwest, and
Kearney and Peebles (1960) have a second edition of their Arizona Flora
which also covers parts of adjoining states. Jones (1963) has writ-
ten a revised flora of Illinois, with maps and distribution studies
for each species.

Other older local flora and manuals cover other parts of the United
States. Among these are Rydbersg (1932), Small (1913), and others
to be found in the textbookgﬁfz%i%a*;%ébe. Some of these are being
revised at present, or will be in the near future. An example of these
is Steyermark's Spring Flors of iiissouri (1940) which has been expanded
(1963) to include the fern grouns and the sumner and fall flovers, with
distribution maps for about 2400 species found in Missouri.

Other new manuals and floras appearing for varibus parts of the world
include Allan (1961) for New Zealand, Backer et al (1963- ) for Java,
Tutin et al (1964) for Burope, Clapham et al (1962- ) and Perring et al
(1962) for the British Isles, Li (1963) for woody plants of Taiwan,
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Mathias et al (1963) for Peru, Pizarro (1959) for Chile, Quezel et al
(1963) for North Africa, Riley (1963) for South Africa, Siskin et al
(1962) for Russia, van Steenis et al (1948- ) for Malaysia, and others
which may be found in current issues of Taxon and other journals. For
cultivated plants, we have nothing equal to Bailey (1935 and 1949).

Recent works on othef&groups of plants include Prescott (1963) for
algae, Fulford (1963- ) for Hepaticae, and Welch (1960) for mosses.

Linnaecus' Species Plantarum (1753) is considered the starting point

for plant taxonomy for most groups. Certain groups (e.g. Musci, Hedwig,
1801) have a different starting point. New world lists of species are

being made up for some groups as Index Muscorum (van der Wijk, 1959~ )

in five volumes, Index Nominum Lichenum (Lamb, 1963), Index Hepaticarum

(Bonner, 1962- ), Index Algarum (Silva, in preparation), and others.

Zoological taxonomy begins with Linnaeus (1758), for all groups.
Animel taxonomy literature is not so easily found, as there are no
lists comparable to those in plant taxonomy given by Benson and others
(see above). Simpson (1945) gives a good bibliography for mammal tax-
ONOMY «

Several attempts have been made to com=ile a zoological list com-
parable to the Kew Index or Gray Herbarium Card Index. The closest to
this has been "Das Tierreich" by Schulze et al (1896~ ) which is to
list all species‘of animals in the world. It is being issued in parts,
with 69 parts complete to date. Others have attempted to make lists of
all genera and of subgenera. The most recent, and most nearly up-to-

date, is Neave's Nomenclator Zoologicus (1939- ). Supplements to this

are to appear at five year intervals.

Probably the best general list of animal taxonomy books, with a
discussion of them, is Smith (1962, Guide to the literature of the
zoological sciences). It is heavily weighted toward entomology but,
since #eey make up about half of all known animals, this is not unrea-
sonable, . |

For invertebrates in general, the best available keys are probably
Eddy and Hodson (1961), Edmondson (1959), and Pennack(1953). Edmondson
includes only aquatic organisms, but he includes some vertebrates and
some plants, especially freshwater aslgae. Hyman (1940- ) will be a
complete work on invertebrates when completed, but she does not give
keys to the groups. Borradaile et al (1959) gives a good introduction
to the invertebrates. )

Jordan et al (1930) gave us & checklist of all fishes and fishlike
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vertebrates of North and Central America. This does not include any
keys or descriptions, but it does give the original citation for each
species name, Hubbs (1964) and Myers (1964) list meny ichthyologists
and their principal contributions.

One of the best manuals for vertebrates was Pratt (1923), but it
had many errors and is now out-of-date, with many of the names used be-
"ing listed now as synonyms. Blair et al (1957) is an up-to-date manual
covering all vertebrate groups of the United States., It is the best
there is for all vertebrates. There are many manuals covering only a
class of vertebrates, or covering a smaller geographical area.

Bddy and Hodson (1961) partially cover the vertebrate groups, along
with the invertebrates, for the Northern United States. Their manual
is illustrated.

Harlan et al (1956) igs an excellent non-technical manual and handbook

.on fishes. It may be used in Iowa ahd adjoining states. Hubbs and La-
gler (1958) is a good manual for fishes of the Great Lakes Region.

Smith (1950) is very good for amphibia and reptiles for the Central
States. It gives species distribution maps for Kansas. It has usable
keys, descriptions, and illustrations of the species to be found in
this srea. Smith (1961) for Illinois and Anderson (1968) for Missouri.
are similar.

Othcr good books on vertebrate taxondmy include Bishop's salamanders
(1943), Carr's turtles (1952),\Cockrum's mammalogy (1962), Hall and
Kelson's mammals (l959), Lagler et él,jchthyology (1962), Schwartz and
Schwartz' mammals of Missouri (1959), Smith's lizards (1956), Stejneger
and Barbour's amphibia and reptiles (1933), and Wright and Wright's
randbook of frogs and toads/and'kandbook of snakes, both published
in 1957.

No list of taxonomic literature would be complete without reference
to the "How to Know" series of pictured keys published by Wm. C. Brown,
Dubuque, Iowa. The plant guides now include trees, plant families,
economic plants, spring flowers, fall flowers, grasses, freshwater algae,
~seaweeds, mosses and liverworts, and weeds. Their animal keys to date
include protozoa, eastern land snails, insécts, immature insects, beetles,
butterflies, spiders, freshwater fishes, land birds, and water birds.

Peterson's Field Guides (Houghton Mifflin, Chicago) include ferns,
shells, mammals, tracks of animals, ecastern birds, western birds, and
Buropean birds. In the Golden Nature series of popular guides, Zim et

al (Simon & Schuster, New York) have books on flowers, trees, insects,
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gseashorve organisms, fish, amphibia and feptiles, birds, and mammals.
Therc are several serial publications (journals) which deal primarily
with taxonomy of plants or animals or both. Some of these, with their
place of publication and date of first issue, ares
American Microscopical Society Transactions, Columbus, Ohio, 1878.
American Midland Naturalist, Notre Dame, Ind., 1909.
American Ornithologists' Union (AOU) Checklist of North American
Birds, Lord Baltimore Press, Baltimore, 58 ed., 1957.
Biological Abstracts, Philadelphia, 1926,
Botaniska Notiser, Lunds botaniska forening, Lund, Sweden, 1839.
Brittonia, New York Botanical Garden, Bronx, 1931..
Bulletin of the Torrey Botanical Club, New York, 1870.
Bulletin of Zoological Nomenclature, International Commission of
Zoological Nomenclature, London, 1943.
Coﬁeia, Amer. Soc. Ichthyologists and Herpetologists, Philadelphia,
1913, 1929.
Ichthyologica, international Society of Ichthyology and
Hydrobiology, Kanpur, India, 1962,
International Bulletin of Bacteriological Nomenclature and Taxonomy,
Iowa State College Press, Ames, 1951.
Madrgﬁb, Calif. Botanical Society, Stanford, 1916.
Phytologia, New York, 1935.
Sida, Lloyd Shiners, Dallas, Texas, 1962.
Taxon, International Bureau for Plant Taxonomy and Nomenclature,
Utrecht, Netherlands, 1951. _
The Auk, American Ornithologists': Union, Baltimore, 1884.
Zoological Record, Zoological Society of London, 1864,
Various academy of science proceedings and transactions, for example:
Kansas Academy of Science Transactions, Lawrence, Kansas, 1872.
Index Nominum Genericorum, Int. Bur. Fl. Tax.iand Nomencl., -Utrecht
1959.
Opinions and declarations rendered by the International Commission

on Zoological Nomenclature, 1939 - .



GARDENS, 2Z00S, MUSEUMS, LIBRARIES

The development of plant and animal taxonomy has been influenced
from the time of the ancients by—gardens and zoos and by museums and
libraries. The "Hanging Gardens' of Babylon was one of the wonders
of the ancient world. The zoological collections of Alexander the
Great and the great museum and library at Alexandria did their part
to stimulate later day thinking, collecting, and writing.

The oldest known botanic gardens, still in existence, are the gar-
den at Pisa, established in 154%, and the one at the University of
Padua, thought to have been established a few years earlier. Other
gardens are now perhaps more famous, including Kew Gardens in London,
Jardin des Plantés in Paris, Botanischen Garten in Berlin-Dahlem,

V. L. Komarov Institute in Leningrad, Indian Botanic Garden in Cal-
cutta, Arnold Arboretum in Cambridge (Mass.), New York Botanical
Garden, Missouri Botanical Garden in St. Louis, and Jardin Botanique
in Montreal. Howard et al (1963) give a discussion of botanical
gardens of the world.

Core (1955) points out that "these gardens . . . are usually

botanical institutions" combining greenhouse, herbarium, library,

and the research laboratory into one large educational institution.
The same thing can be said of many of our museums and zoological
gardens.

For a plant taxonomist, the herbarium has been congidered more
important than a botanic garden. A herbarium is a collection of
preserved plants for study. Some of the largest herbaria are to be
found in the botanic gardens listed above and at the Conservatoire
et Jardin Botanique in Geneva, U. S. National Herbarium (Washington),
and the Chicago Museum of Natural History. Core (1955) summarizes
both the botanic gardens and the herbaria., Lanjouw and Staflau
(1959) have given us an index to the recognized herbaria of the world
with date of establishment, location, management, specializations,
etc. They have also given code abbreviations for the names of them,
which are now used regularly in botanical publications.

Probably the most famous zoological garden (zoo) before World
War II was the "Tier-Garten" in Hamburg. Here was the world's center
for importing and exporting wild animals for zoos, circuses, etc.

The largest zoological gardens in the United States (named as we

cross the country) are Bronx (New York), Cleveland (Ohio), Forest
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Park in St. Louis, Swope Park in Kansas City, and the San Diego Zoo.
Jarvis and Morris (1962) list the major zoos and aguaria of the world.

Museums of Natural History are collections of stuffed, or otherwise
preserved, specimens of natural history. Among the largest in the Uni-
ted States, from the standpoint‘of the taxonomists, are Smithsonian in
Washington, American Museum of Natural History in New York, Academy of
Natural Sciences in Philadelphia, Chicago Museum of Natural History,
Dyche Museum at University of Kansas, Denver (Colo.) Museum, Los Angeles
County Museum, and the Bernice P. Bishop Museum, Honolulu. Anderson
et al (1963) have catalogued the mammal collections of North American
museums.,

OQutstanding libraries are usually found in connection with the botanic
gardens, herbaria, and museums. Other large libraries of science in-
clude the iinda Hall Library of Science in Kansas City and the Hunt
Botanical Library in Pittsburgh. It is the plan of those in charge of
the latter to make it the world's greatest collection of botanical books
and pictures., They are just getting started with the pictures and now
(Avug., 1963) have photographs of about 1,000 botanists in the collection.

There are many biological field stations where the principal studies
are taxonomy or ecelogy or a combination of these two. Vernberg (1963)
gives a good description of the field stations of the U. S.

Knobloch (1963) criticimed the ignorance of some of our biologists
who go abroad and can't talk intelligently about our science institutions.
He stated we have 224 recognized herbaria in the United States, 201
museums, 7O botanic gardens, 59 arboreta, and 42 aguaria where a bio-

logist may investigate some phase of biology.



TAXONOMIC CHARACTERS

It is easy to understand that "proper evaluation of taxonomic
characters is one of the most iﬁportant, as well as difficult, tasks
of the taxonomist." (Mayr et al, 1953). The characteristics of an
organism, which are used to differentiate it, to identify it, or to
clagsify it, are known as taxonomic characters. Walters (in Swain,
1963) reviews the methods of '"classical' plant taxonomy. A variable
in the organism may or may not be significant. Taxonomists afe in-
clined to look only at the characters that are known to have diagnostic
value and ignore those which do not "make sense'". Adanson (1763, see
also Lawrence, 1963-6l4) stressed the importance of considering all
factors which can be observed. His work was not given much consider-
ation for nearly two hundred years. Now, with mechanical and electrical
computers which can quickly analyze sets of data, his work is being
revived and given a place in present day taxonomy.

We usually think of morphological characters as being the only
kind of taxonomic characters to be used, but we are now finding many
more that are of value.. Among these are ecological factors and exper-
imental culture, geographic and geologic distribution, cytology and
genetics, and biochemical (physiological) differences as disclosed by
serology, chromatography ,and electrophoresis. Keck (1959) puts in
palynology (pollen grain study , see also Erdtman 1952, 1957L coal
ball "peels™ (paleontology), carbon-14, and host-parasite relations
as additional factors. "It ig evident that all comparative biological
sciences enter into systematics, because they necessarily study rela-
tionships among diverse organisms. That is notably true of comparative
anatomy, comparative physiology, and comparative psychology—all in their
broadest senses and thus including; for instance, comparative cytology,
'comparative biochemistry, and ethology . . . . In some sciences, the
associations . . . may not be so obvious. This is partiCularly true
of biogeography and ecology." (Simpson, 1961).

General morphological characters may be found in any textbook of
general biology, general botany, or general zoology, as well as in
advanced texts of morphology, anatomy, etc. The various textbooks of
plant or animal taxonomy review some of these characters, either in
a separate section of the text (e. ge Benson, 1957, 1962; Core, 19553
Lawrence, 1955; Mayr et al, 19533 Porter, 1959; Pool, 19293 Simpson,
1961) or with the individual taxonomic groups, scattered through the

text as in Blair et al (1957) aﬂd Eddy et al (1961).
2
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As morphological characters, we usually think of structures which
can be observed without dissecting. Some knowledge of anatomy is ess-
ential for identification of mamhals (skull and baculum), some groups
of fishes (intestine, swim bladder), and in most groups of plants.
Specialized structures, such as genitalia, are used regularly in insects
for taxonomic characters. VHistological structures have seldom been
used, but Varossieau (1948) and others have proposed using the vascular
elements in identifying woody plants. Vascular arrangements in the
flowering plants have been proposed for diagnosis (Pfeiffer et al, 1945,
Philipson et al, 1963%). Cleavage and gastrulation patterns are embry-
ological characteristics that have been used in animal taxonomy. Embry-
ological development is now being used in taxonomy of Cactaceae and
other plants (Keck, 1959).

Ecological factors have been used in separating some species on the
basis of habitat, as in one species growing on sand and another on a
different habitat (Thelia, in mosses, for example), or growing in a
wet as opposed to a dry place. Under ecology, we may include food pre-
ference, secasonal variation, behavioral patterns, etc. No serious
thought has been given to the possibilities here. To be sure, it will
be necessary to grow the organisms under controlled conditions to see
if the effect of the enVironméﬁtal changes on the morphology can be
correlated with species differences as "sizes, shapes, and colors"
(ven Norman, 1963). Bdcher (1963) says that comparative cultivation
is perhaps thé most importantlmethod available. Devred (1961) advised
chorological studies to help characterize each species. All of these
ideas present intriguing possibilities, at least. Blair (1962),

Sjdney Gould (196%), Heslop-Harrison (1952), Kohn et al (1962), Parsons
et al (1963), Polunin (1960), Sokal and Sneath (1963), Tutin (1963),
and others have stressed the importance of ecological studies in tax-
onomy e

Geographic and geologic distribution have been used extensively in
separating supposedly allopatric species. A study of the distribution
of the species may reveal other differences which may be correlated
with the distribution in separating the species. Further studies
may show that there is no gap in the distribution, and the species are
sympatric, or may even be the same species. We need much more data
on geographic distribution before the resident species are extinguished
by our "advancing civilization". Several papers at the first all-union

symposium on mammals (Pruitt, 196%) show the importance of this. Perring
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(1963) suggests plastic overlays showing ecology, geograpﬁy, etc., on
distribution maps to help correlate distribution with factors of the
environment (rock outcrops, méisture relations, altitude, etc.).

Tutin (1963) emphasizes the fact that our conclusions in taxonomy
are partly subjective because of various factors. We look for the
larger species or the larger parts of the organism and leave the "little
fellows" until later. He says that it has been more or less a tradition
that a characteristic must be visible with a handlens to be of any val-
ue. This is now giving way to chromosome counts, pollen studies, etc.

Sharp (Symposium, 1963) reminds us that the methods of one field
(of systematic botany) are not the same as those used in other fields.
For example, lichenologists usc biochemical methods, bryologists depend
on gametophytic characters, and those studying vascular plants are re-
stricted to sporophytic characters.

Heiser (Symposium, 1965) speaks of cytogenetics as "the bandwagon
of the 40's . . » . We now have two bandwagons developing, biochemical

taxonomy and numerical taxonomy."



CHEMICAL STUDIES )

An important phase of the newer systematics is the biochemistry of
organisms. This phase is being investigated, primarily, by use of
paper chromatography, electrophoresis, and serology. Anfinson (1959)
discusses species variations known in protein structure. The Inter-
national Conference on Taxonomic Biochemistry, Physiology, and Serology
in 1962 (Leone, 1964) focused attention on some of the possibilities
and on work which has been, or is being, done in this field. A perusal
of the recent programs of the International Congress of Zoology, the
International Botanical Congress, the American Association for the
Advancement of Science, or the American Institute of Biological Sciences
gives an indication of the interest in these newer techniques. Gibbs
(in Swain, 1963) gives a history of "chemical taxonomy."

One of the earliest reports of biochemical studies of differences
between species was by Helen Abbott in 1886 (Alston and Turner, 1963%).
For many years, lichens have been identified by the presence or ab~
sence of lichenic (organic) acids, and studies are continuing at the pre-
sent (Asahina, 19373 Culberson, 1958, 1960; Hale, 1961, 1963 ; Ramaut,
(1960).

Hemoglcobin is found in all vertebrate groups and in meny inverte-
brates. The molecular structure of hemoglobin varies from one group
to another, but all have the same heme structure. (Baldwin, 1963%;
Cushing, 19633 Kraus, 1897; Manwell, 1963).

Body fluids of any kind may be analyzed in various manners. Indica-
‘toré of certain specific chemical substances may be added directly to
" the whole fluid'or $o fractions of the fluid separated by centrifugation,
partition éhromatograﬁhy, or other methods. Paper chrcmatography and
eleétrophoresis are being widely investigated for this purpose. Both
have been used on many plants, all groups of vertebrates (esp. rodents),
protozoa, insects, and molluscs. . '

The results of these new techniques are all showing promise of ad-
vance in the difficult groups; e. g. Erspamer et al (1963) said charact-
eristic patterns for different families, genera, and species of amphibia
were recorded, Johnson and Wicks (1964) concluded "we must accept
the fact that each species is a separate physiological and biochemical
system, with differences of many kinds" and the "prime taxonomic sig-
nificance appears to be at the generic and specific levels." Some
others reporting on chromatography and electrophoresis are Alston and
Turncr, 1963%; Bell, 19653 De;g@ucr, 1963; Hadorn, 1962; Hall et 21,
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1962; Hegnauer, 1962, 1963%; Keck, 19593 Leone, 1964k; Przybylska, 19633
Riley et al, 1959; Scora et al, 1964 Seshachar et al, 1963; and Turner
et al, 196k,

In paper (or other) chromatography, the various chemical substances
in the body fluid are separated on the basis of size of molecule and
degree of solubility, while in electrophoresis they separate according
to molecular charge and size of molecule. Techniques and methods of
analysis may be found in Journal of Chromatcgraphy (Elsevier Co., N. Y.,
% vols. per year since 1960) and in various texts (Alston and Turner,
196%; Feinberg and Smith, 19623 Heftman, 1961; Ribeiro et al, 1961;and
Swain, 1963). After separation by either chromatography or electro-
phoresis, the strips may be examined by ultra-violet light, by use of
chemical indicators, by scanning with a densitometer and plotting the
results, or by a combination of these.

Serology was first proposed, probably, by Kraus (1897) but was not
widely used until recently. In this method, a rabbit (or other animal)
is immunized to protein or certsin polysaccharides of the organism
under study by injecting anfigens (serum, emulsion of protein extracts
from sceds, etc.) into the rabbit. The rabbit serum develops an
antlbody to tho introduced antigens. Immunized serum will precipitate
antigens of the kind used in immunization. Nuttall (1904) found that
" rabbit serum containing anti-human antibodies reacted strongly to
chimpanzee blood, less strongly to other apes. The reaction was pre-
greséively less to the blood of monkeys, ungulates, carnivores, rodents,
insectivores, and narsupials. This indicates that the amount of pre-
cipitation will be proportional to the relationship of the two organisms
used. Among the more recent serclogical studies are those of Pauly
(1962) on Felidae and other mammals,and that of Waters (1963) on
Peromyscus spp. Boyden (1965) concluded that serological studies

"properly performed" can help us place species, and other larger
groups of crganisms, in a multidimensional plot with reference to each
other. These data can be combined with other data to form a truly
natural system for the classification of e¢xisting organisms. (8ee
also Alston and Turner, 1963%;3 Benson, 1962; Boyden, 19423 Chester, 1937;
Davis and Heywood, 19633 Fairbrofhers et al, 1963%; Johnson, 1953%; Lester
. et al, 1965; Merrcll, 19623 and Turner et al, 1964), Sibley (1962) says
the most widely used biochemical t@chniqueé have been serology and

electrophoresis.
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A big problem, in connection with biochemical studies, will probably
be naming the new chemical "races" which will undoubtedly segregate
out of our many species being studied. Tetenyi (1958) has anticipated
this problem with a proposal for naming, with infraspecific names, any

of these strains which we can separate from the parent species.



CYTOLOGY AWD GRNETICS

Since heredity appears to be controlled by genes (DNA) in the
chromosomes, chromosome counts éhould be an aid to identification,
especially in populations that are not clear-cut species. Counts have
been made in some puzzling groups of all divisions of plants and, to
a lesser extent, in aninals (Clausen et al, 1945, 195835 Cleland, 1950;
Fuchs, 1963; Heslop-Harrison, 19565 Mayr, 196%; and Swanson, 1957). The
counts have helped in many instances, but in others they have not aided
in differentiation. These counts show that many polyploids, especially
tetraploids, are hybrids (Frank Gould, 19633 Jackson, 19633 Rollins,
196%). The extra sets of chromosomes allow "normal'" meiosis except
that here each germ cell receives one complete complenent of chromosomes
from each parent so it is, itself, diploid.

Lists of chromosome numbers for various species of plants and
animals may be found in Chiarugi (1960), Constance (1963), Darlington
et al (1956), Makino (1951), and Powell and Turner (1963). Other
studies on individual species, or small groups, are to be found in
current journals such as American Journal of Botany, Brittonia, Bulletin
of Torrey Botanical Club, Botaniska Notiser, Bryologist, etc. or in
any issue of Biological Abstracts.

"Cytology was a relatively crude to0l not 00 many years ago « o+ o o
Cytogenetics is of course that vigorous hybrid between two fields,
themselves relatively new, 6ytology'and genetics. It is among the
forcuost of these disciplines which undertake to unravel the nysteries
of organic evoiution, + « « 5 and otherwise provide the answers to
the species problen' (Keck, 1959).

Nadler (1963) sumaarized by saying "Advances in cytologic technic,
since 1952, have provided improved methods for the study of somatic
cells in metaphase.” : _

Sokal (1963) says "Plent cytology, more than any other field, can
lay claim to giving insights into the frue relationships among organisms."
Simpson (1961) said the species problem is fundamentally a genetics
problem. Dillon (1963) proposes basing the main divisions of subking -
doms, provinces,'and subprovinces upon comparative cytology. Alston
and Turner (1965) said the taxonomists have enthusiastically accepted

the - contributions from genetics and cytology.
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STATISTICAL STUDIES AND MECHANICAL ANALYSIS

The need for statistical analysis becomes evident when we begin
to study populations. This is éspecially true in a study of sympatric
species, because variations in both species will overlap in many respects.
It is only by an added preciseness, impossible without quantitative
data, that one can distinguish one sympatric species from the other.

Taxonomic studies at the alpha level utilize only the simplest of
statistical methods (size, range, ratios), but gamma taxonomy focuses
on the population. In population studies, statistical methods are
indispensible.

In many keys and descriptions, one finds such terms as numerous,
larger, smaller, tall, short, broad, narrow; etc. applied to plantar
tubercles, stems, leaves, and other structures. Unless one has all the
related species at hand, these terms.are meaningless. Descriptive
phrases, such as "scoales on lateral line 68-72","seape 3-4 cm. long",
"ear 12 mm. long'", and "plant 1.6 meters tall", give us a basis for
comparison.

Many individuals try to stay as far as possible from anything that
sounds like mathematics, but one can readily see the value of math-
ematics (and especially statistical datn) in cases such as those cited.

In scme studies, we find little need for exact measurements, or for
the treatment of these data, as there is nd overlap of characteristics.
Two similar species of plant have stem height of 1.0 to 1.5 meters in
one species but only 30 to 50 cm. in the other. Both may have the sanme
leaf shape and arrangement, same flower color, and some other identical
characteristics, yet the height separates them at once. On the other.
hand, we may have two spccies of fish that are alike in all details
except that one species has 10-12 dorsal rays and 9-11 anal rays,
while the other has both dorsal and anal rays 11-13. If our specimem
has 11 rays in each fin, we can only guess at its identification,
unless we can separate them on geographic distribution, habitat, or
other factor. .

Mayr et al (1955) state that statistics is most frequently eﬁployed
in taxonomy to study the constancy of expression of a taxonomic char-
acter within = population, or the degree of difference in one or more
chartcteristics between two populations. They also say the populations
must be homogeneous and adequate (15-25 may be used but 50-100 is

more desirable), and the collection of data must be unbizsed.

31
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Only quantitative (meristic or countable) data can be considered as
objective data for statistical analysis, although Sokal and Sneath
(1963) and others have attempted an evaluation of some qualitative data.
The purpose of statistical studies is to have objective data and objec-
tive conclusions. Objective (statistical) analysis of subjective data
can only give subjective results. Subjective results are usually
biased, although not always intentionally so. The meristic factor may
be constant (and need no analysis) such as number of eyes or legs or
carpels, or it may be inconstant as in the number of scale rows, or
body length, or serrations on the margin of a leaf.

' In linear measurements, the size varies with the age and environment.
The size of an insect for a particular instar will not vary muchjbut
the difference is from onc instar to the next. The height of a sun-
flower plant in a rich garden will not be the same as one growing on

a dry roadside.

The meristic characteristics should be defined so that another can
measurc the same (or similar) specimens and get the same results. If
we say the anther is 7 mm. long, do we mean in a fresh specimen, in
a dried herbarium specimen, or in a flower after the pollen was dissemin-
ated? It is advisable to use the metric system in all measurements. It
is more easily adaptable to all conditions, and it is easier to-interpret
than the English system.

"STATISTICAL ANALYSIS OF MERISTIC DaTa: (See Ariin and Colton, 19563
Fisher, 1958; Stanley, 1962; Steele and Torrie, 1960; van Norman, 1963;.
or other good statistics book). There are certain techniques that are
applicable and useful in taxonomy. Probably the most commonly used

" technique is the arithmetic meam. This is found by adding together

the relative date and dividing by the number of individuals used. When
a large amount of data is to be analyzed, a short cut to the mean is

obtained by making a frequency table and calculating the deviation

freQuencies (see example I at end of this chapter).

The extremes indicate the high and low limits found. The difference
between the extremes is the range, although this is usually indicated
by linking the extremes. This is a much more valuable tool than the
difference between extremes. "Scutes 78-83" tells you a lot more than
"scutes have a range of 5" unless you already know the extremes.

4 normal curve made from the raw data (or from the frequency table)

helps one to visualize the central tendencies (mean, mode, median) and

the rangé. It also enables one to determine the normalcy of the data.
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another technique of great potential value to the taxonomist, in

trying to determine the value of his data and to interpret the results,

is the standard deviation or ¢ .- This is easily found from the fre-
quency table (see example I). The theoretical limits on the range
should be about five times ¢ in a normal distribution.

Mayr et al (1953) recommend the coefficient of variability as a

"sensitive indiecator of homogeneity of a sample." It is defined as §
times 100, divided by the mean. They give the gv for adult bird wing
length as 1-3, and for mammal body weight as 4-10 for different species.
Ratio of one characteristic to another is best found from a scatter
diagram (see example IT), from which one can also find the coefficient
of correlation, which is valuable in comparing two sets of comparable
data. The ratio can also be determined by dividing the smaller figure
into the larger or the larger into the smaller times 100. The ratio
could be body length to body weight, leaf length to leaf width, etc.
For analysis of differences between populations, the zz(Chi square)
test is probably the most valuable technique. Snedecor's analysis of

variance and covariance is probably equally applicable but not so

frequently used.

Comparison of means of data from several populations by use of the

standard error (ﬁ’i. £ may be used, especially in a study of
sympatric species. “The 75% rule is frequently used to determine whether
there is only one species'or two or more sympatric species present

in the population studied. This is defined as "if 75% of population A
differs from 75% of population B." Modifications of this may call for

97% or even lOQ%.
Sokal and Sneath (1963) suggest using multiple character analysis

by determining the coefficient of correlation between each character-
istic and each of the othiers. This appears to have wonderful possi-
bilities, but it can be done only if one has a good calculator or a
computer available. _

’ GULLIT.TIVE CH.R.CTERS - Color is perhaps the most commonly used
qualitative characteristic in identification. The eastern and western
meadowlarks are distinguished, in part, by whether the brown color is
brighter or lighter. One characteristic used to separate the common

dandelion from the red-seeded dandelion (Taraxicum officinale and T.

erythrospermum) is color of achene. In one case it is drab or olivaceous,

and in the other it is red or reddish purple. In a class study a few

years ago (unpublished data) ripe heads of 1,000 dandelions on our
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 campus were collected at random from a mixed population. Each head
was placed in a separate shell-vial,and these were laid out on the
laboratory tables, ranging from a reddish purple at one end to an
olivaceous green at the other end. An effort was made to find a break
in the color range as a separation point between the two species. There
was none. Using the method of 3okal and Sneath (1963) and others, these
could be quantitated by assigning a value of 1 to the darkest red and
ranging to perhaps 5 for the most drab olive color. The assigning of
the value would have to be subjective, since there is no actual break
between the color ranges, so the final results would be no more valid
than the use of the terms red-brown, green-brown, etc. In these same
two species, we find leaves deeply lobed or shallowly lobed to suben~
tire, ligules sulphur-yellow or orange-yellow, phyllaries spreading or
ascending in one species but strongly recurving in the other. The
range in each of these characteristics may be found in individual plants,
depending upon age of flowers, period of time between rains,and other
environmental factors. All of these characteristics are qualitative.
If we assign numericél values to each of these characteristics, we may
then try to correlate each characteristic with each of the others,

"Discriminant analysis enables one to arrive at the best weighting
factor for each character" (Fisher, 1958). Rogers (1963) says "Weight-
ing,rfo the piant taxonomist, indicates that one taxonomic characteristic
has more significance for the purposes of his classification than an-
other."

Rogers and Tanimoto (1960) said most data are weighted by eliminating
factors which arc believed not to be pertinent. Adanson (1763) went
to great lengths to postulate that, in creating a natural taxonomy,
eacn feature of the organism has equal weight. He also stressed the
idea that the ideal taxonomy is that in which the taxa have expressed
the greatest amount of information, and.that which is based on as many
features as possible.

VISUAL PRESENTATION - Graphs and histograms are frequently used to

show relationships or variations. Population range diagrams and poly-

graphs are of value to show distribution, or to compare several sets
of data (or the means of several sets of data).

Punch cards of some sort or another have been used for 30 years or
longer for recording and sorting data. The simplest of these is the
handsort cards, edge punched, such as E-Z Sort, Keysort, etc. With

these, holes around the edge are assigned a characteristic or number.
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The card for a particular plant or animal will have the holeé punched
out for any characteristic or number which is relevant. By running a
wire through the assigned hole, all of the cards assigned to organisms
having this characteristic will drop from the file. By running a series
of holes, one can, theoreticelly, find any organism that has been re-
corded on the cards. Casey et al (1958) and Scheele et al (1961) give
a good discussion of the possible uses of these cards. Duncan (1950)
used the edge punched type of card in the study of distribution of
trees in Georgia. Gier (1955) used similar cards for his mosses of
Missouri. He assigned one hole for each county in the state, one for
each herbarium studied, one hole for synonyms , another for a pub-
lished report of the species, and a series of five holes for alphabe-
tical sorting. This left some holes unassigned for further use.
Forester (1961) has developed a key to the major tree species of the
United States on punch cards. It is a type of key that can be carried
in the pocket and used in the field. Mény other examples of use of
punch-cards can be found in the literature.,

Center punch cards are known to all of us as IBM cards although there
are several kinds on the market. These require a machine for sorting
instead of the "knitting needle” as used for the handsort cards. Sever-
al proposals have been made for the use of these in taxonomy, with the
most extensive proposal being that of Sydney Gould (1954, 1958, 1962).
This culminated in the publication of the IAPT for ending all division,
class, order,and family names of all plants, whether valid name or
synonym, where and when published, by whom, and many other pertinent
factors.

MECH.NICAL aNu.LYSIS - Sokal (1963) said it took six weeks, using
a desk calculator, to analyze one set of data on bees. 4 medium speed
computer could probebly do the same thing for less than $500 and in
less than one day, but a modern computer could probably have done the
job in one hour at a cost of about $150. "These sudden developments
(of methods for quantifying the classification process in systematics),
. « . « appear to stem from a growing dissatisfaction with the arbit-
rariness and subjectivity of the customary taxonomic procedure, and
would also appear to be connected with the increasing availability of
rapid methods of data processing and cohputation" (Sokal, 1961).

Wharton (1959) discussed the process of assigning a name to an
unidentified specimen and concluded '"while the techniques are simple

and precise, they nre also time consuming and costly. Systematists in
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the future muét develop more rapid and less costly means of carrying
out these pfocedures." He suggests that new data processing machines,
non-professional personnel for réutine tasks, and more efficient methods
of handling collections will be initiated in the future.

Mayr (1964) said "Computer analysis is easy if all characters have
equal weight." He expressed his dislike for the idea of equal weight
for all characteristics. Rogers and Tanimoto (1960) outlined a com-
puter program for classifying plants. "The general method, called

taxonometrics, can be applied to many areas where many of the data are

gualitative." Rogers (1963) decided taximetrics is a better name for
this phase of taxgnomy. Other names that have been applied are "quan-
titative taxoncmy" and "taxoDetrics'. '

Jahn (1961) gives a series of applications of computers to taxonomy
in which he points out the advanbages of using numbers instead of (or
in addition to) the binomials, including a saving of time and the aveid-
ing of confusion. This would require a "completely logical taxonomic
system" with many severe revisions which "would be an improvement."

He proposes o system using a standard card of 12 positions in each of

80 columns, which would yield 64,3%9,296,875 positions for species and
infraspecies. He further says the machines cannot think illogically,

and he would be embarrassed "to tell a highly logical machine to retain
an iilogical-dichotomy" because of_lawé of pridrity, species conservanda,
etc.

In addition to guantitative anatomical data, many qualitative fac-
tors must be used in computers, or these must be assigned a relative
numerical value for mechenical analysis. In qualitative studies
ecological factors may be found to be of increasing use in computer
methods in taxonomy. The use of these relative figures with the quan-

titative data in taxonomy has been called numerical taxonomy. James

(1963) says this is an important methodology.

imong papers presented at the XVI Internafional Congress of Zoology
on this subject is Jolicoeur's "Les combinations multidimensionelles
de carmcters anatomiques quantitatifs." Many other such titles may be

found in other programs of recent meetings or in the current literature.



EXERCISES 37
The numbers given below are measurements of the height and diameter

(respectively) of 108 striped woodsnails, Anguispira alternata (Say),

as an analysis of variation within a population (from unpuhlished data
of a laboratory exercise in ecology, William Jewell College, 1962):

3/8  L/9  L4/13 8/15 7/15 7/15 7/11 5/9 8/13
L/s  4/9 5/13 7/13 T1/1k T7/15 6/11 6/10 5/9
3/8  3/9 5/13 7/13 7/13 6/11 T7/11 7/11 9/15
3/7 3/8 L/9  7/ik /16 T7/1k /11 7/11 9/15
3/8 3/7 3/9 8/15 8/15 7/15 6/11 6/10 9/15
3/1  3/7 6/11 71/13 6/12 5/11 7/12 6/10 10/15
L/12 3/11 9/15 7/1k 8/15 7/13 /13 9/1k 5/10
5/14 4/11 9/15 9/15 7/14 8/16 9/1hk 8/13 8/12
5/14 3/11 7/12 6/12 5/11 5/11 8§/13 7/12 9/1k4
2414 4;11 8415 8?12 8416 2711 2;11 8?13 7;15
9 3/7 7/13 7/1k 8/15 k4/8 11 7/11 8/13
/9 4/7  7/13 8/15 6/13 L/8 7/12 8/14k 6/10

) EXAMPLE T.
Frequency table to show deviation in height:
cI f 4 4 fa°
I0mm 1 7 7 4y
9 9 6 5k 324
8 19 5 95 k75
7 29 4 116 Lok
6 12 3 36 108
5 120 2 2h 48
L 13 1 13 13
3 130 _0 _0O
S 108 345 1481
CI = class interval, height in mm.
f = frequency, number in each class interval
d = deviation from assumed mean (in this example, the lowest cI)
fd2= frequency x deviation
fd"= frequency x deviation x deviation
S = summation or total (usually capital sigmayg )

Mean = assumed mean + (§%Q x CI) =3+ (é&i x 1)

e et S A e e . - R

/ 2 EYa
li.. ":
Standard Deviation (SD-or =) = CI } (§£Q ) - (-S--f:-q‘-)2 =1 g’(l%g%)‘(%gg)z
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EXAMPLE II

Coefficient of correlation chart ("scatter diagram") showing distribution

of height and diameter of 108 shells of striped land snail(Anguispira

alternata)
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MAKING AND USING KEYS

If we find an organism with which we are not acquainted, there
are several ways to identify it. In the minds of most people, the
easist way is to ask someone who knows. This is not always so
easy, because many of the biologists with whom you are acquainted
will know no more about its identity than you do. They may have
specialized in anatomy, physiology, génetics, embryology, or some
other phase of biology, where they must depend upon a taxonomist to
identify the specimens with which they are working.

If you find someone  who can identify organisms for you, don't
overwork him by giving hiin the same species over and over, or by
giving him tod many specimens at once, or by being in too big a
hurry for the determinations. Specialists within groups are usually
busy and have more identifying than they have tirie for. Nevertheless,
they are glad to get the unusual things and are anxious to help others
to develop an interest in the taxonomy of this group.

If you send a specimen to a specialist, it is common courtesy: to
let him keep the specimen. Most specialists expect this, and it is the
- least you can do toward repaying him for his time, When collecting,
it is best to collect two or more of each kind collected, and assign
‘the same number to each. One specimen can then be sent to the specialist
who can report his determination by your number, and you can record
the name with your duplicate specimen. The label on the one sent to
the specialist should bear the notation "duplicate" by the side of
the collection number assigned. ‘

A second method is to compare your specimen to one already correctly
identified. This also is not easy, usually, because most of us do not
have access to a large collcction of correctly determined plants or
animals for comparison. These can be found in herbaria and museuns,
but they usually spccialize in one group of plants or animals or
in species from one region, and your specimen mey not be comparable
to anything they have.

The third way, and the method you must learn to use if you are
going to do much collecting, is to identify by means of a key, that
is, to "key out" the correct name in a manual. This takes time, but it
is the way the specialist learned, and the way he will have to do it
if you send him something umusual, something with which he is not
familiar,

Keys are essentially "dichotgmous" in that you have two choices at
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each step of the way. It is the method we use in reading a roadmap
in that we decide, at each crossroad, which road to take to the next
crossroad. And, like the roadmeb reading, frequently we may take
either of two alternatives and eventually get to the right place, if
we take the proper successive steps. However, one is usually more
direct.

The main purpose of a key is for identification, but it is also a
tool for taxonomic analysis, as we will see later when we try using a
key. A good key is priwmarily utilitarian and does not necessarily in-
dicate phylogenetic relationships of the taxa treated. A good key
should be strictly dichotomous and never have three or more alternatives
at any one step. It should be reversible so one can backtrack easily
if he misses the road. The characters used should apply, as far as
possible, to all specimens of the species and not be qualified by such
terms as "usually". It should not be necessary to know all stages of
the life history of the organism to be able to use the key, although
some stages,'such as the larvae of a frog or the cotyledon of a plant,
may be used for secondary analysis. The characters used should not
be those which require partial destruction of the specimen, such as
"digestive cenal wrapped around air bladder'. The terms used should be
 definite and simple. "Leaves 15 cm. by 2 cm." is preferable to "leaves
longer and narrower than the preceding", especially where the earlier
one had been described as "leaves larger and fairly broad".

It is better to have several shorter keys, each breaking the group
down into smaller groups, than to have a single long cumbersome key
which tries to break all groups from a single large one. Compare
Gray's Manual (Fernald, 1950) with Blair et al (1957). However,

Blair could have been improved by dividing some long keys into

several shorter and less complex ones. Notropis (p. 116), for example,
could have been keyed to '"sub" genera .and these to species, to a good
advantage.

Keys may take several forms. OSpecial keys may be (1) pictorial,

(2) a box-type with + or -, or (3) assigned numerical values in the
respective squares. Keys usually are either bracketed or indented
(yoked) type, according to the preference of the one making the key.
Zoologists seem to prefer the bracketed key, while most botany manuals
use the indented type of key. The alternative pairs may be numbered
or lettered with the second choice in each possibly indicated by a

prime (') sign or by the next consecutive number, or by doubling the
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letter used for the flrst choice (see samples, below) An examination
of some of the manuals llsted will show the advantages and disadvan-

tages of each of these forms.

Sample keys: (key to species of Acipenser, modified from Blair et

al, 1957, p. 52).

Bracketeds
1. Atlantic Coast. 2
Pacific Coast. L

2. Glll rokers on lower arm of first gill arch fewer than 15.

A. oxyrhynchus
Gill rakers on lower arm of first glll arch more than 14, 3

3, Anal fin with about 37 rays. A. fulvescens.

‘ Anal fin with about 22 rays. A. Dbrevirostris.

4, Plates between pelvic and anal fins in two rows of 4-8 each.
: A. transmontanus.

Plates between pelvic and anal fins in 1 or 2 rows of 1-4 each.
A. acutirostris.

Indented with letters:

A, Atlantic Coast.
B. Gill rakers on lower arm of first gill arch fewer than 15.

A. oxyrhynchus.
BB, (ill rakers on lower arm of first glll arch more than 14,

C. 4nal fin with about 37 rays. . A. fulvescens.
CC. 4nal fin with about 22 rays. A. Dbrevirostris.

A4, Pacific Coast
D. Plates between pelvic and anal fins in two rows of -8 each.
A. transmontanus.
DD. Plates between pelvic and anal fins in 1 or 2 rows of 1-4 each.
A. acutirostris.

Indented with numerals:

1. Atlantic Coast.
2, (ill rakers on lower ara of first gill arch fewer than 15.
A. oxyrhynchus.
2!, (ill rakers on lower arm of first gill arch more than 14,
%3, Anal fin with about 37 rays. A. fulvescens.
31, Anal fin with about 22 rays. A. brevirostris.
1'., Pacific Coast.
L4, Plates between pelvic and anal flns in two rows of 4-8 each.
A. transmontanus.
L4t', Plates between pelvic and anal fins in 1 or 2 rows of 1-4 each.
A. acutirostris.

Several recent attempts have been made to work out a key on a
punch card system. To be foolproof, it must be constructed so that
one can start at any point, or it must have explicit directions for
the order of punches. Drummond (1949) and Forester (1961) are examples
of such a key.
Osborn (1963a) has proposed a key on a numerical basis. He mekes

claims that this type of key overcomes some of the limitations of
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the conventional key. In another paper (1963b) he discusses the
theory of dichotomous keys.

Learning to identify plants ahd animals can be an interesting
hobby for a nature lover, as well as a profession for the specialist.
Colleéting and identifying plants and animals provides an outlet for
nervous energy, and at the same time it is instructive and gives one
the feeling of éccomplishment. It is doubtful that you will ever find
a new speéies, but you can take notes and preserve your specimens.
You may later publish a checklist for an area, or supply material for
someone else to use in a taxonomic revision of a group. Taxonomy is
usually the phase of biology which attracts the beginner, whether he

collects leaves, or insects, or some other items of interest to him.



TAXONOMIC PAPERS

A study is not completed until the results havc been published. A
taxonomic study may lead to any-one of several kinds of publications.
 Among these are taxonomic notes, checklist, flora or fauna, catalog,
manual, monograph, and revision.

The most difficult part of any problem is recognizing the problem
and getting started. A little study on any taxonomic group will reveal
discrépancies in the geographic distribution, taxonomic characteristics
of the group, relationships to other groups, etc. The more work that
is done, the more problems one can discover. Benson (1962), Benton and
Werner (1958), Clausen (1959), Davis and Heywood (1963), Lawrence (1951),
Mayr et al (1953), van Norman (1963), and other texts give suggestions
for writing a taxonomic paper. Little (1963), Menzel et al (1961),
Porter et al (1960), Riker (19539:%Smith (1962), Trelease (1958),

U. S. Governmént Printing Office Style Manual, and others give general
. directions for writing papers.

Any taxonomic paper prepared for publication should be documented
by actual specimens deposited in a museum or herbarium, or by citing
literature. Many earlier papers reported presence of species on hear-
say, and seldom left specimens on deposit in a collection. Many spec-
imens in collections are incorrectly identified, so it will be advisable
to recheck all specimens cited in your paper.

The simplest kind of taxonomic paper is a taxonomic note. This

may vary from a range extension,or a noted variation,to a description
of a new species or other category. . A checklist may be a mere list-
ing of the species present (or-anticipated to be present), or it may
be annotated with information about the species, such as variations in
characteristics, distribution, habitat, time of occurrence, citation
of specimens examined, etc. A checklist is usually based upon coll-
cctions in one or a few herbaria or museums. Jordan ot al (1930) is an
example of an extensive checklist. They list synonyms, original lit-
erature citations, and geographic distribution on each species name
included. Other checklists include AOU list by Committee (1957),

Mayr et al (1962), Miller et al (1955).

A flora or fauna is usually more complex than a checklist. It is

a list of species for a geographic region, with notes on distribution,
variations, habitats, etc. It may even include taxonomic keys for

the identification of the species. There is little distinction betweern
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these and a catalog on one side or a manual on the other side, other
than in name. The catalog seldom has keys, while the manual is made

up of keys, either with or without descriptions of the species. Many
publications listed as "flora" are actually manuals. Examples of

$hese could be Abrams (1960), Anderson (1959), and Kearney et al (1960).
Muesebeck (1951) is an example of a catalog.

A manual is 2 handbook for identification. It contains keys to the
groups and, usually, to the species and varieties for the region
covered. It usually includes not only those known to be present but
also those that may be expected. In addition to keys, one expects to
find in a manual the geographic distribution and description for each
species. Blair et al (1957), Fernald (1950), and Jepson (1923-25)
are examples of manuals covering large regions. Manuals to flora and
fauna of a state or vicinity are usually semi-popular. "Handbook" is
a term applied to many kinds of taxonomic studies. These are usually
more or less semi-popular. The handbook may be little more than a
catalog, or it may be a manual plus directions for collecting and
preparing specimeﬁs (see Hale, 1961).

A monograph ié a "single writing". It should cover all that is
known of the species or genus or family being studied. This will in-
clude not onl& morphology and geographic distribution but also the
anatomy and cytology; the physiology and ecology; the genetics, evolution,
and phyioéeny; the pathology and economic importance; and a review
of the literature with a bibliogravhy of all pertinent references.

Rollins' monograph on Leavenworthia (Cruciferae, 1963) may be taken

as an example of a study of this kind. He includes chromosome counts,
hybridization charts, distribution maps, photographs (showing the
relations of significant parts), ideographs, and statistical tables
(of pctal and seprl length, seed numbers, silique and style measurements,
etc.). He gives the mean, standard deviation, and standard error for
cach set of data. Other monographs are Babcock (1947), Blasdell (1963),
Fulford (1963), Goodspeed (1954), Llano (1950), Pilsbry (1940-48),
Thomson (1963), and Welch (1960).

A revision is a re-study of a group, usually a genus or a family.
It is primarily taxonomic but mey bring in any of the characteristics
used in identifying and classifying the group. When a genus (or other
group) is first defined, there is not enough evidence to give all its
relationships, limits of variability, etc. As studies are continued,

the original definitions may be found to be too strict, or the genus
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(or other category) may actually be a complex group (see Heywood, 1963
and L8ve, 1962). The revision will re-define the group in the light
of the new data, and it may combine some species and split others.
This will make it necessary to select new names, describe new taxa,
reduce names to synonymity, etc. The revision will include a complete
review of literature and analysis of all new data uncovered. An
excellent example of a revision is Jablonski (1963). He includes
photographs of holotypes and isotypes of established species, and
drawings of his new species. Other revisions include Anderson (1963),
Fitch (1963), Hitchcock (1952), Horton (1963), Howell (19%8), Inger
and Kong (1961), Twatsuki (1963), Johnson and Peeters (1963), Johnston
(1961), Kitagawa (1963), and McPhail (1961). Hesler (1963), in his
study of a group of fungi, studied 176 type specimens to determine the
valid species in the group. Taxonomy has been spoken of as a unifying
field, and it reaches its climax in monographs and revisions.

In planning for any of these papers, the preparations are similar.
Examine all specimens available, rechecking the identification in two
or more different manuals, when possible. This usually discloses dis-
crepancies in identification. As sﬁecimens are examined, make note
of the institution, the collector, and the number. Also note the
collection locality, date of collection, and habitat, if given.

It may-be desirable to record these data on punch cards as they
are collected. The 5x8 size B-Z-Sort has been found best for our work.
Keysort makes one similar, but it is not so well adapted to our particu-
lar needs. Study of a guide to punch-cards (e. g. Casey et al, 1958)
will reveal meny shortcuts. In setting up a code system, you will use
five holes for alphabetizing, and one hole for each county or other
geographic unit decided upon. OUne hole should be assigned to each
institution studied, and one ench, at least, for literature citation,
specimens seen, synonyms, your collection, doubtful species, etc. For
a study of Missouri organisms, this means a card with about 200 holes.
Duncan (1950) used about 100 holes for his study of trees in Georgia
but there are fewer counties in Georgia than in Missouri. Use a gep-
arate card for cach taxon studied.

Outline maps of the area studied may by marked to show geographic
distribution. Di ferent symbols mey be used on the map to indicate
different collectors, or institutions, or literature citations, or your
collections, or others studied. These symbols may be made with a

rubber stamp or with a pen, using open circles, solid circles, squares,
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+, X, etc. or by shading or cross hatching counties, townships, or
other geographic units.
When studying herbarium specimens, it is customary to make a brief,
neat notation on the sheet in writing,or with a rubber stamp, or with
pasted labels. It should state simply "This specimen was studied by

(your name) on (date) and will be cited in his mono-

graph" (or other study). Most museums have similar arrangements. This
is a courtesy you may extend tc the institution for the privilege of
studying, and it should not be abused. All specimens should be handled
with care, so that they will be available for use of futurc students.

Some museums and most herbaria have loan arrangcments, so specimens
may be obtained by your advisor (or curator of your institution) on
loan for a specified length of time (30 days, 3 months, 6 months, etc.).
Again, do not abuse this privilege. Ask only for the number of speci-
mens which you can take care of in the time allowed, then return them
promptly. If you cannot finish within the time allowed, write in
advance for an extension of time. This will usually be granted. BEvery
institution, with loan arrangements, has had expericnce with taxonomists
borrowing specimens for 60 days, pcrheps, then not returning them until .
several months later, after considerable correspondence.

When borrowed specimens arrive, check them carefully for dameges,
then fumigate them and store them where they will be protected. When
you are through with them, recheck them against your original list,
repack them carefully, and return them. Write the lending ingtitution
when they are sent. It is best to put a few moth crystals in the
package as a prceaution against possible contamination.

While checking the spccimens, or maybe befere you start this phase,
you will want to search the literature for reports of your species or

group. Biological Abstracts gives a nearly complete coverage back to

1925, The indexes of taxonomic journals should be exanined for poss-

ible references missed by Biological Abstracts, and fcr references
prior to 1925. ‘

After the paper has been written, it is well to set it aside for a
few days, or weeks, then read it for clarity, diction, ctc. It never
reads the same as it did when you first wrote it. It can then be
polished for the final typing.

The author has a choice of journals in which he may publish his
paper. Some of the‘journals publish only papers of members of the

society which sponsors the journal, and others publish only regional
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papers (compare The Auk with a state academy of science publication).

The final typing must be done according to rules set up by the editors

of the journal which is to publish the paper. If illustrations are to

be used, the kind of reproductions must be decided upon, and drawings

or glossy prints submitted with the manuscript. The kinds of illustra-
tions that may be used, with the methods of reproduction, advantages,

and relative cost of each method, are given by Blunt (1950), Menzel et al
(1961), Ridgway (1938), Zweifel (1963), and others.

After corrections have been made on the manuscript, the paper will
be set in type, and a galley proof of it will be sent to the author.

He should check this carefully against his carbon copy of the original
manuscript. Make any necessary changes or corrections (remembering
each change will cost), using standard proofreader's marks. The galley
proof should be returned to the printer as soon as possible. At that
time, reprints should be ordered. Most authors do not order enough
reprints, so their supply is soon exhausted. A reprint should be
mailed to each institution and to each individual who has provided
specimens or otherwise helped the auwthor. Reprints should also be

sent to all others who are kﬁown to be interested in the same group

or region, and to all who request them.

All geographic regions and all taxonomic groups need further study.
Steere (1960) points out that the organisms of large parts of the world
have not yet been fully inventoried, "much less studied carefully and
made avaiiable to science through monographic or floristic publica-
tions", and that this should be done before many unknown species dis-
appear permanently, thanks to man and his civilization (drainage,

agriculture, fire, domestic and introduced. animals, etc.).



CONGRESSES, CODES, RULES OF NAMING

~ Without a valid set of rules to govern nomenclature, a great deal
of confusion arose during the first century after Linnaeus. Various
taxonomists tried to get rules agreed upon by others, but each had his
own ideas, and no agreement was reached. One of the best known was

de Candolle (1813). Finally, in 1867, a group of botanists met in
Paris and organized an international botanical congress. They adopted
the so-called Paris Code, which had been prepared by de Candolle. The
‘Ninth International Botanical Congress met in Montreal in 1959 and
the Tenth met in Edinburgh in 1964. (see Staflau, 1964).

The zoologists had a similar meeting, also in Paris, in 1889. Their
Sixteenth Congress was held in Washington, D. C., in 1963. Other
groups (such as arachnologists, entomologists, horticulturalists,
microbiologists, paleontologists, protozoologists, and others) have
also met in international meetings and have approved codes of nomencla-
ture,

At the present time, some of these codes overlap, such as those for
botany, microbiolsgy, and zoology, all of which are used by the micro-
biologist.

The Congresses have approved Commissions to pass on proposals sub-
mitted between meetings of the Congress. Because of these proposals,
approved as resolutions, the Codes are quickly out of date. These
proposals are reported in official publications prior to the next
Congress, so all delegates have an opportunity to become acquainted
with them (e. g. Bullock, 1959). Any decisions of the Commission are
also reported regularly. At each meeting of the Congress, decision
may be reversed on any previously adopted rule. Eventually, it is
hoped that stability will be reached in the Codes, which were originally
designed to give stability to nomenclature (Little, 1957; Rickett et al,
1955) .

The moologists had the Strickland Code and the Dall Code proposed
and accepted by some zoologists before the first Congress. These were
not international rules and were not accepted by most of the zoolo-
gists. Even today, the international Congresses have no way of en-
forcing the rules. There are some individuals who apparently go out
of their way to evade or even to violate the rules. This is becoﬁing
less common, since most of the biologists tend to exert their influ-

ence toward complete enforcement of the rules.
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Buchanan et al (1958) said Linnaeus proposed certain nomenclatural
principles which were "adopted with surprising unanimity by biologists
of his day." His proposals were probably more radical, in his day,
than those rejected today because "they are too radical."

Since a microbiologist is guided by his own rules and also by those
of the botanical and zoological codes, we find a comparison of the
major rulés given in their code (Buchanan et al, 1958). Savory (1962)
gives a very good analysis and comparison of the various codes. Benson
(1962), Bisby (1945), and Staflau (1959) discuss the botanical code.
Follett (1963), Mayr et al (1953), Schenck et al (1936), and H. M, Smith
(1962) discuss the zoological code.

One of the first rules to be adopted in each code was that a plant
(or animal) can have only one valid name. Martinec (1962) credits
Linnaeus with the statement "If you do not know the name, the know-
ledge of things also diminishes.” Rickett and Camp (1950) said "Bo-
tanical names are the names of types . + « . and from a purely nomen-
clatural point of view, apply to the types only." This name is com-
posed of a generic and a épecific (or trivial) name. The rules in
each of the codes proceeds to define and limit these names, with pre-
visions for formulating acceptable names. The codes provide that the
names (both genus and spceies) shall come from the Latin, or they will
be ih{Latinized form. They must, thersefore, conform to the rules of"
Latin grammar.

Generic names may be nouns, adjectives used as nouns, or compounded
words, and are always in the nominative case. The noun may be the

original latin, Greek, or other language as Anhinga, Equus, Perca,

Phalaris, Quercus, or Tsuga. Or it may be a Latinized form of a per-

sonal name (patronymic) to honor the person connected with the dis-

covery of the new genus. Examples of these would be Bartramia, Muhlen-

bergia, Sibbaldus, Swainia, or Swallenia. A few mythological names

have been carried over and adapted as generic names, sach as Chloris,

Cyclops, Hydra, Najas, Narcissus, etc.

Coined words (without mesning), such as Xema (a bird genus) and Abaster
(a genus of snekes) may be found, as well as geographic names for the
place where the genus was originally found, as Sonora (a snake genus)
or Florida (a bird genus).

Adjectives, as generic names, take the form and function eof. nouns.
This practice: is not recommended. - in either code. Uome examples

of adjectives used as generic names are Glyceria (sweet), Limosa

et ena————a—
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(muddy), Moris (foolish), and Zoarces (viviparous).

Compound names are very common. Some examples are Eragrostis
(1ove + grass), Sriochloa (wosl + grass), Helioperca (sun + fish),
Lepisosteus (scale + bone), Micropterus (small + fin), Polytrichum
(many + hairs), and Pseudacris (false'+-iocﬁst). Compound names should
have both parts from the same language, but hybrid compound names occur
with one part Latin and the other Greek or other language, for example

Carpiodes (Latin Carpio + Greek_eidos), Phytolacca (Gr. Pnyton + Lat.
lacca), Spizella (Gr. Spiza + lLat. dimunitive), or Zinjanthropis

(Arabic Zinj + Gr. anthropus). Greek and Latin are the most commonly
used languages in making hybrid: names,

A generic name, once validly published, cannot be the valid name for
another genus of organisms. At the time the rules were established,
however, there were already several instances of a generic name having
been applied to a plant genus, and the same name also being valid for
a genus of animals. Bartramia is an example of this, having been app-
lied by Lesson to a genus of plovers, and by Hedwig to a genus of moss-
es. Corydalis is a name for a genus of birds, and also for a genus
of flowers.

The 6rigina1 spccies names, prior to Linnaeus and also used by him,
were mostly descriptive adjectives such as argillicola (living in clay),‘
cruciata (heart‘shape)Lﬁgracile (slender), longifolium (long leaf),
riparium (of the river bank), rivulare (of the stream), silvaticum (of
the woods), tenuicaule (slender stem), undulate (wavy), viride (green),

zonatum (with belts), etc. It secems logical that this is the best

system of naming species. -The meanings of some of the words most
commonly used may be found in Brown (1954), Jaeger (1962), Nybakkeﬁ
(1959), Wood (194, 1947), Yancoy(194k), and others.

Another group of species names comes from the geographical name of
the area where the species was first found. Linnaeus used this ex-
tensively in naming plants and animals from America, Japan, and other
places,and it is much used today. From this method, we get such spec-

ies names as americana, canadense, Jjaponica, marylandica, utahense,

virginiana, yunnanense, etc. A geographic name may be misleading,

however, as Solanum carolinense L. is much more common in the middle

west than it is in Carolina. Castor missouriensis is found in North
Dakota and not in Missouri. It was probably named for the Missouri
River, rather than for the state of Missouri.

Patronymicé play an important part in the names of species. If the
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taxonomist naming the species wishes to commemorate or compliment a
person, he assigns that person's name to the new species. It may have
been the person who discovered the new species and sent it to the
taxonomisf, who is thus honored. It may have been a patron who fin-
anced an expedition, or it may have been someone who had no connection
with the new species and its collection. Pesante (1961) proposed that
patronymics be outlawed in the botanical code. Frye (1945) expressed

himself in a footnote to Plagiochila fryei Evans as being definitely

opposed to patronymics. By going through a taxonomic checklist, one

can gquickly recognize many pamjbnymics such as ashei, backmanii,

cardotii, catesbiana, deamii, dusenii, helleri, jordani, leersii,

nuttalli, ridgwayi, ulei, wilsonia, etc.

One may experience difficulty with patronymics when he tries to
transliterate from certain languages, or to put in diacritical marks
such as the umlaut. Bach of the codes has a rule applying to the Fremch
=el accent (omit) and the umlaut (replace with an e following the
marked vowel).

Under the code, a taxonomist can name a new species almost any-
thing he wishes, other than a name already in use. The name should,
however, be euphonius, simple, and have some application to the species'
being named. A jumble of letters, arranged arbitrarily, is permissible
but should be discouraged. The microbiological code provides that the
author of a new name shall give the etymology of all new generic names,
and of new specific epithets when the meaning is not obvious.

The species nsme, as an adjective, must agree with the generic name,
which it modifies. As a noun, it may be in apposition to the generic
name, hence in the nominative case, or it may be in the genitive,
either singular or plural.

If a species name is made by repeating the generic name, it is
spoken of as being a tautonym. This is permissible in zoology as

Rattus rattus, Buteo buteo, Asio asio, etc., but it is prohibited in

the botanical and microbiological codes.

Each of the codes provides for the establishment of types. The
type taxon is the one upon which the next higher taxon is based. In
microbiology and in bohany, the order bears the basic part of the type
family neme, and the family has the basic part of the type genus name.
The type species is the species first described in the genus, or the
one upon which the genus was based.

The type specimen is the one used in describing the species; if
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known. The original type is called the holotype or type. If a type

was not designated, a specimen may be selected by a later worker and
indicated as the lectotype. This should be a specimen known to have
been used by the author of the species, if possible. If the type
(holotype or lectotype) is lost, another specimen may be named .the
neo-type. The zoological code (Stoll, 1964) specifies that the neotype,
when possible, must be selected from the type locality, that is, it
must be a topotype. The typé for bacteriology, where possible, is to
be a living culture.

Other specimens used by the author when writing the original descrip-

tion are variously defined. They are called cotypes, isotypes, para-

types, or syntypes.  These types are not mentioned in some of the codes.

Plastotypes of fish and reptiles (artificial specimens molded from
the type) arc being made for distribution to other museums.

If a taxon is divided, the original name must apply to the part of
which the type (specimen, species, etc.) is representative. If two
or more taxa are united, the name and the type shall be those of the
one first validly described. ‘ ‘

The value and significance of the type method are debatable. Merrell
(1962) said "the type specimen is not typical of anything." Simpson
(l96l)_suggested that the idea of the type comes from the old idea of
fixed species. Others think the type concept to be one of the most
significant conccpts found in texonomy. Some have suggested that all
type specimens belong to science, and should be housed in a central
herbarium or museum, or at least only in the larger museums and her-
varia (Lawrence, 19513 H. M. Smith, 1962).

Another major division of each.of the codes deals with the law of
priority. This states that the first valid name given a taxon is its
only correct name. Priority only goes back to an arbitrarily set date,

known as the starting point. The starting point for all animals is

Linnaeus' Systema Naturae (1758). For plants, we have various dates.

Ferns and seed plants, some algae and some bryophytes begin with
Linnaeus' Species Plantgrum (1753) while most fungi begin with Persoon
(1801) and Fries (1821-32), Most Musci begin with Hedwig (1801), and
fossil plants begin with Flora der Vorwelt by Sternberg (1820). Some

algae groups begin with a monograph for the particular group.
Provision is made in the codes for conserving well known or estab-

lished names as Nomina Conservanda. These cannot be replaced by older

and relatively unknown names. Attempts have been made to get an
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arbitrary “statute of limitations" which could prevent the use of an
older name if the later name had been in use for 50 (or other designated
number of) years. One of the mbst celebrated cases wes that of Amoeba

vs. Chaos. Chaos was the older name but Amoeba was conserved to avoid

producing more chaos in taxonomy. The generic name Chaos is applied
to certain species.

Tt is sometimes difficult to determine the exact date of publication
as a basis for priority. The date of Species Plantarum was arbitrar-
ily set at May 1, 1753, although the second volume was known not to
have been published before August. Fuchs (1963) describes the detective
work necessary to determine the date of publication of one of Haller's
works., He finally found it was published at BEaster, 1753. 4An almanac
disclosed this date to be April 22, hence pre-Linnaean. Under the rules,
all the generic names proposed by Haller are invalid. Sayre (1959)
tells of similar work in establishing the starting date for Musci
(Hedwig, 1801).

Effective publication of a new taxon is in printed material distrib-
buted for sale to the general public or to scientific libraries, and
in certain prescribed kinds of publications. Newspapers, seed-catalogs,
etc. are not considered as acceptable. Since publication may be in a
Journal with limited circulation, it may not be available to many tax-.
onomists. Abstract journals are not up-to-date in publication, so it
may be some time (up to 3 years in Zoological Record) before a new
species name or combination becomes available. Brown (1961) proposed
an international taxonomic fegister which would be the official pub-
lication for all new species names or combinations. This would be
printed on cards and distributed to all taxonomic zoblogists who sub-
scribed for the service.

for all plants, except bacteria and algae, a diagnosis of the essen=-
tial features must be written in Latin. Most of the codes provide that
a photograph or drawings of the type of the new species must be pub-
lished with the diagnosis and description. The description of a new
taxon must list specimens studied, their locations, the known geographic
distribution, and the designation of the type. The location and ident-
ification of the holotype of a new species must be indicated.

Under the present rules, many of the species previously published

are invalid and must be recpublished, e. g. Secretan (Mycographie

suisse, 1833) according to Donk (1962). Exceptions are allowed, for

the variations anticipated, by making the rules effective after a
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certain future date and not retroactive.

The rules make provision for the transfer of taxons and names, and
for the disposition of the names-displaced. A specimen may have been
incorrectly identified and described as a new species. Later studies
will reveal that this is a superfluous name, and the specimen will
then be placed under its correct name. The displaced name then be-
comes a gynonym for the correct name. A new species may be given a
name which has already been applied to another species. This name is
then listed as a later homonym for the earlier species. Since it is
an invalid name for the new species, it is also a synonym for this
species' correct name.

A variety may be elevated to species category, or a species may be
lowered to a variety. In either case,.its previous name becomes 2
synonym. A species may be moved to another genus, or a genus may be
split into two or more genera. In either of these cases, the original
species or infraspecific name remains the valid name, unless there is
already a species in that genus which occupies that name. It is then
necessary for the taxonomist to propose a new name for this taxon.

The name of the author usually follows the species (or variety)
name without punctuation. Fhe author's name may be abbreviated, under
most codes. The zoological code provides that the name shall not be
abbreviated for an author still living, nor for a deceased author whose
name i%f?%adily recognized. The botanical code gives rulcs for proper
abbreviation of the .author's name. Linnaeus is usually abbreviated L.
(Linn. by zoologists, sometimes). If a name is transferred to another
genus, the name of the original author, in parentheses, follows the
species name. The name of the author proposing the new combination
follows this, under the botanical and some other codes. Benson (1962),
Blackwelder (1959), Lawrence (1951, 1955), Mayr et al (1953), Porter
(1959), Savory (1962), Schenck et al (1936), Simpson (1961), St. John
(1958), and others discuss this phase of the work.

Most of the codes make provisions for nomina rejiciends under certain

conditions. This applies where the epithet is not appropriate, or
where there was uncertainty as to the specimens named. These epithets

are listed as nomina ambigua, nomina confusa, nomina dubia, or nomina,

nudum. ‘
New opinions, resolutions, and rulings are to be found in current’ .
issues of Taxon, Bulletin of Zoological Nomenclature, etc. For titles

of the various codes of nomenclature, see Bisby (1945), Buchanan
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et al (1958), Edigorial Committee (1961), Lanjouw (1961), May: et al
(1953), Simpson (1961), and Stoll (196k4).



COLLECTING AND PRESERVING

Specimens, to be of taxonomic value, must show the diagnostic
characters of the species repreéented. Part of the training of a
potential taxonomist should include proper techniques for collecting
and preserving specimens. These techniques vary from one group to
another and, to a certain extent, from one institution to another.

There are few books concernzd only with the collection and pre-
servation of organisms. Morholt et al (1958)'devote a fair section of
the book to this subject, taking one phylum, or other large group of
organisms, at a time. Benson (1957), Davis and Heywood (1963%), Hitch-
cock (1925), Johnston (1940), Lawrence (1951, 1955), and Pool (1929)
give somewhat detailed directions for collecting vascular plants and
preparing herbarium specimens of them. Anderson (1948), Maguire (1957),
Mosby (1963), Oldroyd (1958), and Sankey (1958) are examples of books
giving directions for collecting and preparing zoological specimens.

It is a good idea to start early in recofding all necessary data on
all specimens collected (see Perry, 1965). Get a good field notebook
and a lead pencil, medium-hard, for this purpose. BStart a new page
for each day's collecting. At the top of the page, write the date and
the collection locality. Number each specimen serially, giving the
name -or enough description, if name is unknown, to recognize it again.
Briefly describe the haﬁitat. If several specimens are collected from
the same‘habitét, use ditto marks or make a practice of recording the
habitat only when it is different from that of the previous specimen.
It is recommended that you usc the same number series throughout all
your collcctions, although some collectors prefer to prefix the num-
ber by the year, as "63-...", beginning each year with number one.
Others use a different series for cach group collected, prefixed by
a letter as A-... for algae or amphibia, B-... for bryophytes or birds,
etc,

Algee and most aguatic invertebrates are usually collected with a
net and preserved in 2-4% formeldehyde or 50-70% alcohol, Both of
these preservatf@s tend to bleach the specimens, so preserved specimens
lack the natural colors of living organisms.

Insects are usually "pinned" and dried, then transferred to cork-
bottomed boxes and filed where they will not be exposed to the light.
Detailed directicns for making insect collections are given by Oldroyd
(1958) and bulletins of the United States Department of Agriculture,
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state agricultural colleges, 4-H clubs, and Ward's Natural Science
Esteblishment (Rochester, N. Y.). |

Most mollusc collections are-made up of cleaned and dried shells.
Some of the newer techniques used in identification call for anatomical
structures, so these should be preserved, if possible. Perhaps the
best way to prepare them is to drop the animal into hot alcohol,; then
preserve it in alcohol,

Some phycologists dry their speciuens of algae and store them in
packets or envelopes. DMost mycological and bryological specimens
are also dried and stored in packets. Most of these specimens can be
refreshed by socaking for a few minutes in 10% glycerin or in a solution
of common detergents (see Bisby, 1945 and Conard, 1956). Notes must
be taken of the color of the fleshy fungi before drying, as they often
change color in drying. Xelps and other large marine algae may be
floated out on a sheet of herbarium paper. This is then drained and
dried on a blotter, under light pressure. A sheet of wax paper should
be put over the algae specimen before drying. The natural gelatinous
material in the seaweed will probably attach it to the sheet satis-
factorily.

In general, vascular plants are dried in newspaper folders between
blotters, and mcunted on standard herbarium sheets, 1152 x 16/% inches.
These sheets should be at least 25% rag content for permanence, and
at least 26 pounds weight.

In collecting herbaceous plants, it is desirable to get complete
plants: roots, stems, leaves, flowers, and fruits., It is sometimes
impessible to get both flowers and fruits at the same time. With
the woody plants, it is customary to collect a twig with leaves and
flowers or fruit. Notes should be taken on plant sizé, branching,
bark, etc. Cones and large fruits may be collected and dried or pickled
before filing separately, if they are too large to be mounted on the
herbarium sheet. They should bear the same collecticn number as the
part which is mounted on the sheet.

A trowel or a heavy knife is essential to good collecting of most
vascular plants. A cheap sheath knife is nearly ideal for this purpose.
The plants are usually placed in a-vasculum when they are collected.

A vasculum is a metal box 16 to 20 inches long, with a hinged side or
tops If some damp papers are placed in the bottom, plants may be
collected and kept in good condition for some time. Some collectors

prefer o use a heavy plastic bag, at least 16 inches wide, with a
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zipper top. Sufficient notes should be taken on cach specimen at the
time it is collected.

Upon returning to the laboratory, or other base of operations, re-
move the plants from the vasculum or bag, and place them within folded
sheets of newspaper (17x22 folded to 11x17 inches). Each sheet should
be numbered to correspond to the collection number for that specimen.
Straighten the plant carefully to show all parts. Some leaves should
be turned over to show the bottom side. If the plant is too long for
the paper, the plant may be folded, or only a section may be kept.

Any characteristics not evident in the specimen selected should be
recorded.

The newspaper sheets arc then placed in a press made of wood slats
(or aluminum or plywood sheets) so that they mey be dried under pressure.
The sheets should be alternated with corrugated cardboard "ventilators"
and sheets of blotting paper. A good procedure is to place a ventila-
tor on one half of the press frame, then add a blotter, a specimen’
sheet, another blotter, and another ventilator. CTontinue in this manner
until all plants are taken care of, or until the press is full. Put
the other half of the press on top and secure the whole with canvas
straps (Carolina Biological Supply Co., Burlington, N. C. has excell-
ent ones) or with ropes. Draw these as tight as possible, and put the
press on a radiator or ih a drier. It will be necessary to re-tighten
the straps or ropes as the plénﬁs dry and shrink.

4 simple drier can be uade of galvanized iron or of wood. An open
box about 18 inches wide and 12 inches high, and as long as desired,
has & one inch shelf entirely around the inside about 4 inches above
the floor. Upon this shelf, place a strip of galvanized screen (hard-
ware cloth, %por‘% inch mesh) that has been enclosed in a metal frane.
A brooder house heating elément and thermostat are mounted below the
screcn. A few holes along the sides , below the screen, allow air to
enter. Convection currents will carry the werm air through the
plant presses. That part of the screen not covered by presses should
be covered with sheets of paper to retain the heat.

When the plants are completely dry, they may be mounted on herbariun
sheets. The label should be printed or glued on the lower right hand
corner of the sheet, and the plant arranged symmetrically on the sheet.
It may be attached in any of several ways. One of the older methods
was to use strips of gummed tape at intervals. In another method the

plant was dropped upon a sheet of glass that had been liberally spread
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with a flexible ("tin") glue. The plant was then lifted from the

glass and placed in proper position on the sheet. A4 little pressure
helped to hold the plant until -the glue was dry. Another method, for
heavier plants, was sewing to the sheet. Many herbaria now use a
plastic resin (Carolina Tips 19:5-6, Carolina Biological Supply). A
plastic squeeze bottle may be used to apply the plastic to the under
side of leaves and heavy parts. Then strips of the plastic are placed
across the plant at intervals. Weights between these strips hold the
plant until the plastic sets, usually in about one to two hours. Old
linctype "slugs" make excellent weights.

fish, amphibia, and reptiles are usually "pickled" in 10% formal-
dehyde (1 part commercial formaldehyde to 3 parts water) until firm,
then transferred to the permanent preservative, which is usually 4%
formaldehyde or 50-70% alcohol. Larger animals should have some full
strength formaldehyde injected into the body cavity. Snekes may be
fully injected,; then looped back and forth on a sheet of Celotex or
similar support. Pins stuck intc the support at each loop will hold
the body until it is stiffened. The snake is then put into a jar
where it will make a better appearance than if just dropped into the
preservative.

Any vertebrate animal may be mounted, using the methods of taxidermy.
This is an art, acquired through practice. Since mounted specimens
reguire much storage space, this method is usually used only for dis-~
play sﬁecimens.

Study specimens of birds and mammals are usually prepared as "made
skins". The animal is skinned, and poison is applied to the skin.
Alum is rubbed into the flesh side of the skin to set the hair or
feathers. If the specimen is fat, some of the grease may be removed
from the pelt with fine sawdust or cornmeal after scraping off all
the fat tissue. The sawdust or meal can then be removed by shaking
the skin gently.

A roll of cotton, ébout the size and shape of the body, is inserted
into the skin. Smaller rolls are placed into the skin of the legs.
For mammals, & wire wrapped with string is inserted into the skin of
the tail. This wire should also extend the full length of the body
roll. The skin is then sewed, using linen thread and a surgeon's
needle. It has been found convenient to insert a wood dowel (those
used by florists for small plant stakes are very good) into the body
roll of the bird, allowing it to protrude from under the t2il. TEis



