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Fiome 1. A sy of species delimitation processes
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E POPULATION SAMPLES FOR STuDY

Vv
PARTITION THE DOMAIN OF STUS
ON THE BASIS OF

O INTO SUBSETS (CLUSTERS)
HE PHENOTYPIC VARIATION PATTERN

!
REFRESENT THE CLUSTERS ON A DISTRIBUTION MAP. AND |
SEEK COINCIDENCE OF PHENOTYPIC DISCONTINUITIES 1
=
AND GECSRAPH |CAL/ECOLOGICAL DISCONTINUITIES L
FORMULATE ASSUMPTIONS AS TO THE EXISTENCE OF
INTRINSIC |SOLATING MECHAN|SMS AS REFLECTED 1
5f THE GEOGRAPHICAL AND ECOLOGICAL DISTRIBUTION __‘
[ ]
i PRELIMINARY DELIMITATION l L
: 2
DONFRHATORY EV/DENCE OF FUNCTIONAL INTRINSIC
ISOLATING MECHANISMS, MAINLY CYTOGENETIC EVIDENCE :3
RATIFY, MODIFY, SUPPLEMENT OR REPLACE THE PREL IMINARY
DEL(MITATION. IN THE LIGHT OF THIS CONF{RMATORY EVIDENCE
“# quality of the clussification depends on the adequacy of the sample. This has
 especially significant in the light of the population/gene pool concept, Former-
+ tazle sample (specimen) of a species was deemed 1o be adequate for study. Now, [
“e  species properly, it has heoome necessary to evaluate the variation palterns =
A the entire range of a species Ly analyzing hundreds of samples. The techniques E
i sampling of wild populations {Anderson 1941, 1943) are very effective for
<=l adequate representation of the phenolypic variation. ;
* of Awtomated Information Retrieval Systems. Computer-aided 'information ;
“ial systems such as TAXIR (Estabrook and Brill, in press) would be of g E
Siestn, 1669 611 b
)
e

e
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Ficuie 2. A typical procedure to begin the study

| ASSEMELING POPULATION SANPLES FOR STLON -‘

PLAN FILLD TRIFS Wi
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SUPPLEMENTARY
: SPECIMENS

oLl Lilbsaes

CHECH ADEQUACY OF SAWFU
PUAN ADOTTICHAL FIELD TRISS

v

BEGIN ARALYSIS OF FHINOTYPIC VARIATION PATTERA

SY AN

significant help to taxonomists, particularly monographers, if adopted by the major
herbaria of the world. There are probably over 100 million specimens in the world’s

herbaria (Lanjouw and Stafleu, 1964). This is a rich source of material for study, by

unfortunately, proper use is not made of much of it, mainly because of the lick of
knowledge about its availability. A central TAXIR data bank, if set up with the
collaboration of all the repositories, would be of practical help to taxonomists, not
only in bling herbarium speci , but also in planning field trips for supple
mentary collections and studies.

ANALYSIS OF PHENOTYPIC VARIATION PATTERN

Integration of evidence from diverse disciplines. A half century ago the phenoise
was thought of largely in macroscopic terms, Today sophisticated techniques such a
electrophoretic “prolein signatures” (Randall 1968) are being employed to evaluan
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study. Detailed distribulion maps of the populution samples are prepared depicting

both raphical distribution and ecological habitat, Indicate the major clusters on

nting memnbers of each eluster with different colors. The next step

widence Trom geographical and ecoloxical distribution fatterny

y of interbrecding among members of a eluster and isolation

« exchange with outsiders. The worker should be aware that the distri.

namap is only as good as the sample used in the study. Large gops within other.
wise contiguous range may merely represcat the lick of collections from that area,

DESIGRATIONS OF TAXA

The “moat™ of the clusters, the "Cvalue” at which members of a cluster foin
together, the “intern.

the clusters in the su
speoialist in delimiting taxa. The speciali
processes to use them as puides to effectively delimit his taxa.

Homogenaous. clusters. (Fig. 6)

1. Allopatrie species. 11 a cluster represeats 4 population sufficipntly integra
(conducive to interbreeding), disjunct from other populations [suggesting gene ex.
change harriers), and the other indications given in the preceeding: paragraph alio
corrohorate, such an homogeneous cluster may be delimited as & distinct allopatrie
species,

2. Sympatric species. 11 the homogeneous cluster reg
a survey of possible isolaling mechanisms will &

ts 4 sympatrie population,
ry. The most common

Ficure 6. H ] and taxon desi

LT PCESTERY A DISTINGT

ALLDPATRIC SRECIES

v

¥ NG
Wi ALLOPATRIE,
FOPULATION

FLIRELY- A DAYTICT
AVEATRIC $RELiny
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REFRESINT NG
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arent il the population samples occupy
ific habitats: Eeological information, I rocorded with herbarium specimens,
L in most cases meager. and supplementary ece pical data would frequently become
—entinl Other kinds of isalating mechanisms such as seasonal, ethalogical, mechani-
1, elc. may also be of exitical inportasice. 1§ one or more types of isolating mecha-
ms are functioning. and if there are corroborative indications in the subgraph, the
ermay be a distinet sympatric species;
3. Sililing species. Sometimes a homogeneous cluster may consist of two or more
ories which have close phenotypic similzrity. They cun be di ishied by detailed
- mination of additional plienotypic attributes and by discovering funclional izo
{12 mechanisms,
Lrerogeneots clogters (Fig. T)

Since nutural populations are dynimie, everevolving entities, a helerogencous
Jster may represent populations ai any ome, or a combination, of the following
prerading stages of speciation:

1. 2 heteragencous population, representing one dynamic species,

3, an evolutionarily intermediate population, showing varying levels of primary
yeeciation at differont regions within its range,

" 3. a polytypie species composed of subspecies, ecolypes, or other infraspecific taxa,

4. a cluster of populations each representing & species;

3. & population underzoing secondary speciation.

Although it ix very difficult to determine accurately the exact stage of speciation
i 4 given population, an estimate, at least with a reasonable degree of accuracy, is

, ecological Tzolation,

Fioume 7. H 1 and taxon desig
SOCLURTIRS BEFRSSENT SUEPORULATIONS, FORSITLY TAE TVTAMIC LPECTES MARITISTING
MGT VBCLATED, ACTRESATED TOGLTHEN (NTO (=il ADWHTIVE RADIATION, PHINOTYPIC PLASTICITY
A PRI PEEATION DR FARCEM SRITT AT WRAIQUS REGING
SURCLUSTERY RIPRESENT SUDPORCUAT IONS, A POPULATION AT DVOLUTICRARY (RTER=
WIERISTING FRECLY AT CIRTAIR 35, 9| METIACT  POISIELY AT TRMGTTIONL
HEA P DITTIAET PLswbeny | STAZES £F FIMARY S IATIEN
SACUATING FEFSSDIT SITAPHITALLY FOSSIBLY INFRASPECIFIC TARA OF Oal
OF E0CLECICALLY IRTIALLY [SOLATED Ho=  [=9=1 POLVTYRIC SPISIEY.
IS A S1TE POPLLATIDN.
e DIVIEIG-TF & DOPOSITE POPULATION.
LT
SURCAUSTIRG AEPRESINT QIAMCT ALLOPRTRIC POSSERLY A CROL OF CEPETICALLY DISTINCT
POPULETION OF SOPATIIS BUT ERDLOGICALLY [—=| SSETIES WHiDW ARE FREACTYFICALLY LESS
COMMETILY 10UATID POPULATION GISTINET
LLSTIAS REPREEINT DISTINGT S8 POSSIBLY A WYERIDIZ)NG SE0IES COvRLEY
FRILATIONS |SOLATED DCEPT AT T Bl AT TAANSITIOWAL STAGES OF SEDORCAAT
ERIEIS SR D21 2O SPITIATIN
AATIFICTALLY DEVILOFID M=30TYAES
I l—ﬁ A CRAMIE ECHLY. YARIABLE FOPULATION
FUSTHIA STLOT |5 SEEDED
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Froene 8. Integrating confirmatory ovidesoo of Intriimic Bulating mechanisms

PRELIMINARY DELIMITATION

Q:'

DESIGN CYTOGENETIC AND GTHER
INVESTIGATIONS TO DISCOVER/
INTRINSIC |SOLATING MECHAN |SMS

RATIEY, MODIFY, SUPPLEMENT OR RE-
PLACE THE PRELIMINARY DELIMITATION.

u related sympatric , giving all ior the ph of charucter
scement, muy be taken as an index to the probuble presence or ahsonce of jne
~sic isolating mechanisms. This may be the best avuilable procedure in such cases,

USATILITY OF TAXIMETRIC METHODS:

Dae of the most fmportant purposes of a'classification i 1o function as an Sifor
sainpreserving structure. The best system of classification is the one that best
wte the purposes of the user, The modern biological species concept is the most
sitighul 1o the biologists today, and as correctly pointed out by Miyr [1957). no
Ugically trained taxononiist would like to he considered as-a pebble sorter, But,
4« pal logist, this pl is not easily applicable. To a microbiologist, bio:
“mical and physiological criteria may be more meaningful, and to & nonbiologist,
<hasa geologist, this species concept is complelely irrelevant.

The basic taximetric methods are versalile enough to be applied by specialists in
<wral varying fields. Taximetric methods have been sucoessitlly applied in different
2 within the framework of different concepts such as: 5 pecies delimitations, classi-
At of ieultivated plants, elussification of ecosystems, and' clussifications. in the
“ids of anthropology, geology and psychology.
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SOME READINGS IN TAXIMETRICS

GENERAL

Rogers, D. J. 1963. Taximetrics-—-new name, old concept. Brittonia 15:
285-290.
Where "taximetrics" was first used and defined.

Rogers, D, J., H. S. Fleming and G. Estabrook. 1967. Use of computers
in studies of taxcnomy and evolution. In Evolutionary Biology, Vol.Il,
169-196. Eds. Dobzhanzky, T., M. K, Hecht, and W. C. Steere. Appleton-
Cantury-Crofts.
This paper gives the general background for development of taximetrics,
although the title is misleading. We give some nistorical background,
rationale in mathematics, descriptions of ccmputers and programming, and
the various categories in evolutionary and taxonomic work where computers
had been applied up to that time.

Rogers, D, J. and 8, G. Appan. 1969. Taximetric methods for delimiting
biclogical species. Taxon 18: | 609-624.
Herein, we describe the integrated use of all of our methods to aid in
the study of biological species. The methods themselves do not delimit
the biological species, but point to the step-wise procedures which, if
followed, are powerful techaniques in guiding the discovery (or delimitacion).

TAXIR

Escabrook, 6. F. and R. €. Brill. 1969. The theory of the TAXIR accessioner.
Math. Biosciences. 5: 327-340.
This paper gives the mathematical basis for the TAXIR Information retrieval
system. A powerful method to store the information, address the informa-
tion, and retrieve it is described.

Rogers, D. J. 1970. Theoretical and practical considerations on data struc-
turing for a computerized information retrieval system. In Archeologie
et Calcglateurs (Marseille). pp. 145-159. Editions du Centre National
de la Recherche Scientifique. 15, Quai Anatole-France. Paris vIr®
I compare the information systems employed by systematic curators with the
model we developed, ‘and indicate some of the methods to prepare data for
storage.

CHANAL

Hawksworth, F. G., G. F, Estabrook and D, J. Rogers. 1968. Application of
an information theory model for character analysis in the genus Arceuthobium,
(Viscaceae). Taxon 17: 605-619.
The methods of use of the character’analysis program are described in bio-
logical terms, and the application of the findings made for the value of the
characters. to be employed in the classification of Arceuthobium.
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An information theory model for charazcter analysis.
mathematical arguments for this program are given.

3. Fle=ming,
using

» J. Rogers. 1970. A classification of Manihot esculenta
lon carrying content of a character as a measure OF its -
Proc, Int. Symp. Trop. Root Crops (Hawaii). PRy 66=70.

Tuis ing application of the character analysis program indicates
tiiat it provides another method of classification, in addition to the power
&5 a character analytic tecimique. :

GRAPH

1. Wirth, M., G. F. Estabrook and P. J. Rogers. 1966: & graph theory model for
- . systematic biology, with an example for the Oncidiinae (Orchidaceae). )
Systemacric Zoology 15: 59-69. -
This paper degeribes in taxonomic terms the clustering mathods developed in
the Taximetrics Lab. The paper does not attempt to deal with the mathe— i
matical arguments.

2. FEstabrook, G. F. and D. J. Rogers. 1966. A general method of taxonomic ﬁ
description for a computed similarity measure. Bioscience 16: 789-793. i

This paper describes the important process for structuring characters to
be used in classification.

3. Hstabrock, G. 1966. A mathematical model in graph theory for biological
classification. Jour. Theor. Bio. 12: 297-310.

4. TIvwin, H. 8. and D. J. Rogers. 1967. Monographic studies in Cassia
(Leguminosae-~Caesalpinicdieae). II. A taximetric study of section r
Apoucouita. Mem. 'N.Y., Bot. Gard. 16: 71-118,

. This is one of our first spplications of the GRAPH clustering model. The
section Apoucouita of Cassia contained seme of the most complex classificatory
problems in this large genus, and the computer model proved of great assistance’
in sorting out the specific and sub-specific taxa.

5. Prance, G. T., D. J. Rogers and F. White. A taximetric study of an angiosperm
family: generic delimitation in the Chrysobalanaceae. WNew Phytol. 68:
1203-1234%.

Four computer methods were compared for their capacity to make classifications,
and our GRAPH model came out on top. In this case, we were comparing genera
within a family.

©. arp, G. and D. J. Rogers, 1970. A computer—aided classification of the -

varieties of Pedioccactus simpsonii (Engelm.) B. & R. Cactus & Succ. Jour.
42 40-43.
An intraspecifiec study of a cacmigs species.

7. Stearn, W, T. 1971. A survey of the tropical general Oplonia and Psilanthele
(Acanthaceae). Bull. Br. Mus. (Nat. Hist.) Botamy. IV (7): 259-323,
plares 38-47, Stearn used our GRAPH model to aid in this study, particularly
with the genus Oplonia.
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Page 3
8. Rogers, D. J. and H. S, Fleming, 1972 (In press) Economic Botany. A mono—
graph of Manihot esculenta. The GRAPH model was our chief method to sort
out the complex relationships within a cuitivated species. The methods of
use, ané several suggestions on the intraspecific problems of cultivated
pient taxonomy are described in sufficient detall so that workers can fully
ETasp our concepts.
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