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AN EMPIRICAL SYSTEM OF RANKING OF BIOLOGICAL
CLASSIFICATIONS USING BIOGEOGRAPHIC COMPONENTS

Dalion de Souza Amorim®

ABSTRACT, The Linnaean system of 1axa and categories is philosophically
based on an Aristotelian idealistic vision of the world. The phylogenetic
system dilfers from the Linnaean system basically because it assumes that
taxa at and above the species level correspond Lo entities in the real, material
world, Mo adequate solution was proposed up o now [or the problem of
ranking in the phylogenetic system. A method of systematization is herein
proposed inwhich a label corresponding 10 the biogeographic component of
cach taxonomic level is added o the name of the taxon. The name of the
category ilsell may be omitted in the system, although the names of the taxa
al the group of the family or below follow the rules of the code of nomenclz-
turc. This method corresponds io the association of information about the
evolution of the ecosystems in which the ancestral species of the taxa lived 1o
the history of genealogical relationships among the ta. [t includes informa-
tiom inthe systematization additional te that of merely informing relative level
ol subordinated Loa. Also, it does not al all interfere with the names of the
Laxa in pro-cxisting classifications, as well as with the proposed Linnagan
calegorics. Examples arc given in the systematizations of the Anisopodoidea,
Ditomyiidae, Seatopsidae (Diptera), and Fagaceae.
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INTRODUCTION

One of the most important contributions of the work of Willi Hennig was the
proposal that the biological reference system - the classification of the organisms
-should be a partially ordered system in which groups reflect precisely genealogi-
cal relationships among term-taxa. Phylogenetic systematics has stimulated the
discussion of the basis of the biological classification. A series of papers have been
published defining particular concepts about the structure of the classifications
{(Hemwig, 1966, 1969 Nerson, 1972, 1974, 1979, GrirrTis, 1974a, b, 1976; Fargis,
1976, 1979; WILEY, 1979; ¢ic.) and establishing measurements of its information
{Farris, 1973, 1983; Mickevich, 1978, Newson & PLarmice, 1981; CoLvess, 1981;
Mickevicn, 1981; Mickevicn & Farmis, 1981; Mickevicl & PraTtwick, 1989,
RouLr, 1982; etc.).

The information content of a classification may be understood as the informa-
tion expressed through ranks and indentations of a set of terminal taxa placed into
groups (Mickevicn & Pramwick, 1989). Most of the recent discussion about the
information content of biological classilications has been focused on the informa-
tion given by the groups, little attention being given to the problem of ranking.
This is rather expected, since the groups are the very essence of the classifications,
However, ranking, as part of the classification, adds information 1o the system and
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the final content of the classilication in certainly aflected by the way groups are
ranked.

A hierarchy, from the logical point of view, is an ordered system. Ordered
systems can be partially or fully ordered. In most systems proposed of biological
classifications the information about ranking is given through the addition of the
name of a “category” or an index 1o the name ol a taxon which shows only its
relative position in the hierarchy. Hence, a classilication is an association between
a fully ordered system (the hierarchy of categories) to a partially ordered system
(the hierarchy of taxa).

Actually, the word category originally meant in Greek “predicate™ or “accusa-
tion™, The original Linnacan hicrarchy of categorics included four levels: (1) the
supreme genus, which is not a species of any higher genus; (2) the genera which are
not the supreme genus, but whose species are also genera; (3) the genera whose
species are not genera; (4) the species which are not genera. These levels were
named, respectively, Class, Order, Genus, and Specics (Paravero, pers. comm. ).
It is obvious that Lissaisus (1758) discovered levels of similarity relationships
other than these four, as in planis and in insccts, but they were not transformedinto
categories. This system is perlectly adequate for an idcalist model of the world. In
a non-idealistic model of the world, however, the set of taxa placed at the same ca-
tegory actually compose a class of entities which has no existence in the real world.

The ranking of taxa since the Systema Naturae has always had the problem of
representing a larger number of discovered levels than the number of calegories
available. Asolution later proposed has been the creation of an additional number
of categories and the omission of many recognized levels in the classifications
{with consequent loss of information). In practice, the Linnacan system of
calegorics sometimes seems o have a ' phenetic” approach: depending on how far
a specialist is able o recognize a taxon, a higher or lower category that taxon will
be placed in. A numerical, objective method could be eventually developed o
apply consistently such “phenctic” eriterion of ranking, However, the categories
would still correspond to Aristotelian classes, with neither beginnings norendsin
time (Grieerrns, 1974b), and they would have no correspondence in the material,
evolving world, Furthermore, it would add little qualitative information 1o the
system in use as a whole.

The traditional system has resulted in very different ways of dealing with the
same categories in the classification of dilferent groups, from protozoans o
arthropods or chordates. In the Callitrichidae (Primates), for cxample, the cat-
egory “family” is associated with a rather small part of the Neotropical taxon
Platyrrhini, which has an Afro-Oriental sisier group, The maximum age of the
Callitrichidac is about Lower Cretaceous and it includes less than 30 known
specics. In the Tipulidae (Diptera), on the other hand, the Tamily rank is applicd
to a group including maybe at least 50 subordinated taxa, cach of which probahly
had an ancestral specics already present on Pangaca, The minimum age ol this
group is Lower Triassic or Upper Permian and it includes today about 14,000
known species. There are certainly “Tamilics™ still more resiricied than the
Callitrichidac, and some others larger and older than the Tipulidac. These
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differences must be considered excessive if categories are supposed to have any
more consistent meaning other than to give the relative hierarchical positions
between subordinated taxa,

THE PHYLOGENETIC-LINNAEAN SYSTEM
AND OTHER SYSTEMS PROPOSED

Hennig (1966) tried 1o develop a truly phylogenetic system of classification
regarding the problem of categories. He seems 1o have understood that temporal
sequences corresponds to a natural fully ordered system which can be associated
with the Linnaean hierarchy of categories. In his system, the traditional categories
corresponded to given periods of time, obtained through paleontological informa-
tion.

His system had no practical acceptance, exceplt for the approximation given by
MATILE (1990). Objections to a general acceptance of HENNIG™S (1966) system are
of different kinds: (1) to many authors, it seems reasonable to associate the
Linnaean system - based on an Aristotelian idealist logic - to entities belonging to
a temporal model of the world; (2) whatever period to which the traditional
calegories are fixed the whole system presently in use would suffer enormous
changes; (3) many groups have no paleontological record available and they would
have their minimum age obtained from distantly related taxa; (4) because of
limitations of the fossil record, our paleontological knowledge for nearly all
groups will probably expand quite slowly, but continuously - this successive
approximation to the actual age of the groups results in changes in the classifica-
tion and it would probably take too much time for the classification to reach a
reasonable stability, if ever. GrIFFITHS (1976) has partially developed HENNIGS
(1966) system with some modifications, but some limitations still persist.

Other methods of ranking have been proposed. Hewnnig (1969) has used
numerical indices 1o indicate ranking, which led to long series of numbers to
substitute names of categories (e.g., “2.2.2.2.4.6.2.2. Diptera”™). HenniG (1969)
originally used this system for the classification of “orders™ of insects. WiLLManN
(1989) more recently applied this system to Mecoptera, Lovrur (1977) modified
this system reducing the length of the index. The worse problem is that numbers
correspond to a linear sequence that do not fit well with branching structures
which are continuously growing. Categories or indices can be also eliminated,
expressing ranking exclusively through indentations across pages (see WILEY,
1981:205).

More recently, phylogenetic classifications have been erected with two differ-
ent methods: sequencing and subordination (see NeLsow, 1974). Both have been
used adopting the Linnacan basic system of categories using at some levels
traditional ranks as points of departure. To reflect unequivocally phylogenetic
relationships among term-taxa in a classification, modifications have been pro-
posed by Farws (1976), Parterson & Rosen (1977), WiLey (1979), and AMORIM
(1982a; in press) Lo solve particular internal limitations of both systems. However,
allthese systems, with the exception of Hewwic's (1966), are limited by the meaning
of relative and artificial categories.
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BIOLOGICAL CLASSIFICATIONS INCLUDING
BIOGEOGRAPHIC INFORMATION

An alternative way ol erecting phylogenetic systems could be through an
association of categories and biogeographical components. This system could be
applicable toany group for which phylogeneticand biogeographical analyses have
been undertaken. Different from HENRIG'S (1966) system, it could be constructed
entirely independently from the fossil record (although this information is always
welcome o biogeographical analyses).

Some limitations to this system are immediately detectable and require solu-
tions: (1) the system is now applicable only 1o 1axa more recent than the Upper
Triassic; (2) strong disagreements still exist between biogeographical reconstruc-
tions proposed by authors from different schools; and (3) any direct association
between Linnaean categories and biogeographical components would promote
radical changes 1o the traditional system.

The first of these problems, at least for the time being, apparently has no
solution, since no biogeographical reconstructions are presently available for the
period prior to the division of Pangaea. Youna (1986) has proposed an arca
cladogram for the Paleozoic, but it is based entirely on geological data. Although
theoretically possible, reconstruction of biogeographical history of groups before
the Triassic depends on detailed paleontological data presently unavailable [or
most groups of organisms. This is a considerable limitation, since there is a long
period of organismic evolution between the Pre-Cambrian and the Triassic, All
taxonomic levels in the hicrarchy included in this period would have wo be ranked
using an arbitrary system of ranks or be referred using to an estimate of the
minimum age based on fossils, if at all available.

Thesecond problem has hardly asolution, butitisa matter of pointofview. The
application of biogeographical methods based on vicariance biogeography
- panbiogeography {Croizat, 1958, 1964, 1976; Craw, 1979, 1982, 1983), cladistic
biogeography (Rosen, 1978; PLamick, 1981; NELson & PLamck, 1981 Humpenries,
1981; Pramvick & Newsow, 1984; HUMPHRIES & Parenti, 1986), and its modilica-
tions (Paci, 1987, 1988, WiLEY, 1988a, b) - scem to have resulted in largely
congruent reconstructions for many groups. Most of the recent disputes among
these methodological variations are basically focused on how wo interpret cases of
incongruence, rather than on the congruent patterns, These reconstructions seem
to largely agree about the existence of a long series of vicariant Mesozoic-Tertiary
events caused by tectonic movements in the history of many groups of taxa with
worldwide distributions. :

The more serious problem concerns the prior biogeographical reconstruc-
tions, namely, dispersionism and refugianism. Vicariant theories predict that
increasing numbers of known patterns of distribution will provide greaterstrength
to the proposed reconstructions. Therefore, there is less and less space for prior
reconstructions and imprecise criticisms made by these schools to vicariant
methodologies. It is quite improbable that strongly competing “biogeographical
classifications” can be produced by dispersionists or refugianists . The biogeo-
graphical reconstructions proposed by these schools push indiscriminantly termi-
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nal speciation events as evidenced in biological cladograms to a short period of
time at the Upper Tertiary-Quaternary boundary. Their methodological tools
have not acquired sufficient precision to construct a system of biogeographical
ranking as herein is proposed.

Ditferent biogeographical reconstructions may indeed be proposed by authors
using different vicariant methods. However, it can be expecied that disagreements
in the association between vicariant events and peological events in different
reconstructions will refer to a limited number of components. The use of artifacts
in the systematization may help to discern between patterns with large agreement
from others with strong incongruencies. On the other hand, it is necessary 10
recognize that such an exaggerated expectancy of stability in biological classifica-
tions sustained many times in the literature seems tobe a h}-‘—pl’ﬂﬂ uct ofa Platonic-
Aristotelian idealist vision of the world.

Finally, the question of how Lo associate components and ranks has a solution.
Instead of changing radically the Linnaean system, the entire traditional structure
of the names of the taxa can be maintained (if truly phylogenetic) and only labels
corresponding to the biogeographical component would be added to the name of
the taxa. This independence between Linnacan calegories and biogeographical
information in the systematization has strong advantages for the progressive
development of a new biological reference system: (1) traditionalisis may simply
not use the biogeographical labels; (2) the use ol the system would not affect the
groups for which this knowledge is unavailable; (3) an eventual instability pro-
moted by changes in the biogeographical reconstructions would not alter the
taxonomic nomenclature; and {4) modifications of the Linnaean categorization in
given classifications (particularly involving the categories at or below the group of
the family) would have no consequences at all for biogeographical ranking,

The addition of a name (0 the “calegory plus taxon™ sel will not necessarily
render classifications cumbersome. There seems to be little emphasis nowadays on
higher categories (which can be actually ignored). At the family level and below,
on the other hand, rigidly ruled by the international codes of nomenclature, the
endings and italics on the name of the taxa make names of categories of family and
genus groups virtually superflluous.

A major problem is how (0 name components - the biogeographical categories
-inthesystem. Aninitial possibilitywould be to use numbers to designate different
levels, However, as already noted, numbers do not fitwell to hierarchicsysiem. The
inclusion of new, intermediate levels would either break the sequence or change
the whole numeration below that level. An alternative would be the use of a name
derived from the geological nomenclature or, when not misinformative, from
geopolitical areas. Modifying GriFrTHS (1974b) proposition, the names could be,
for example, Pangacotaron, Laurasiotavon, Gondwanotavon, Neowropicotaxon,
etc. However, the number of biogeographical components for the whole world
between the Triassic and the Recent is certainly too large, demanding a
disproportionally large number of complete names. A third alternative would be
to use labels which are abbreviations of the geological/geopolitical areas corre-
sponding the components. It would certainly take some time and discussion until
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one uniform set of labels could be accepted. However, the existence of one set of
divisions in the history of the groups and accumulation of knowledge about
patterns promises an acceplable stability to the system in the near future, at least
for most levels.

Itis interesting (o note that a generalized , biological area cladogram (congru-
entwith a geological arca cladogram) is a hicrarchical system, as with any spatio-
temporal evolving entify, in the sense of being a partially ordered system. Conse-
quently, two sister components cannot be attributed 10 the same level. The real
entities which this pair of sister components represent originate simultaneously,
but they cease 1o exist as individuals at different times (if they become Turther
subdivided or extinct). Therefore, the system furnishes ranking, in the sense of a
fully ordered system, indirectly through an association of the origin of the
components and the levels in the time sequence. From this perspective, the system
is a derivative of Hexmia's (1966) proposal.

From the point of view of categories, the method of ranking proposed herein
is essentially different from any other proposed until now, except that of Henwig
(1966). The use of biogeographical component information in the biological
system correspond 1o the association ol two dilferent hierarchical systems, each of
which relates to the real {material) world, One system is the phyletic history of a
given taxon, obtained through phylogeneticanalysis. The other is the historyof the
biota in which the ancestral species ol that taxon lived earlier, obtained through
biogeographical analysis of many groups. Furthermore, the relationship between
taxa (phyleticinformation)jand biogeographical components (bioticinformation)
is an clement/system relation (see GrirrThs, 1974b) - the phyletic stems are true
parts olevolving ecosysiems. Inother words, itis notan artificial system of ranking,
Muorcover, the association between these two systems not only fulfills the need of
ranking in biological classifications, but also adds information about the history of
ceosysiems to the content of the classification. All taxa in the system with the same
biogeographic label supposcdly have belonged 1o the same entity or system, a
biotic ancestral community.

This system is still developed in a limited scope. Components refer (o areas in
which a set ol species have interacted through a period of time. It is theoretically
possible to discern even more precisely the ecosystem information in ranking,
including, for example, distinctions between marine and continental, terrestrial
and fresh-water, or open-formation and forest ecosystems. Biogeographical re-
constructions now relate more 1o space than ecosystems. [t seems reasonable o
expect that in the future more complex reconstructions for evolution of ecosys-
tems will become-available, making it possible 10 propose a more complete
relerence system.

ADDITIONAL NECESSARY CONVENTIONS

Peculiaritics of individual taxa demand additional conventions. A quite com-
mon case is that of biological area cladograms in which two or more levels are
“accumulated” because of extinction of taxa (or of sample errors). In the system
itis possible o omit or include intermediary levels. The second option is preferred
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here, since it is more informative about the previous history of a group. Compo-
nent labels of intermediate levels can be included wgether with the labels of term-
taxa. This is uselul since it allows us 1o refer o intermediate levels of a phylogeny
without crealing new taxa.

Another pointolconcern is arca cladograms with “replicated patterns” (about
which [ will consider in more detail elsewhere). Area cladograms of one or more
groups sometimes have components with two or more subcomponents with the
same term-information (eventually separated in the same sequence). This is an
indication that there was an carlier period of history in an area which included: (1)
one or more earlier division events, (2) secondary sympatry in species generated
by these earlier events, and (3) division ol these two or more sympatrid' species by
more recent events, which results in the observable disjunctions. The components
with sympatrid subcomponents (al the immediate subordinated level), on the one
hand,and thecomponents will allopatrid subcomponenis, on the other hand, refer
to different, although related, historical entities. In the system proposed here
when there are two or more replicated levels, the label of the more inclusive one
is associated with a number (except for the first) which indicates its position in the
replication sequence. Obvious examples of replication patterns are the groups
with circum-antarctic distributions {(e.g., Brusom, 1966; Humeiniss, 1981).

Another point still 1o be developed is how 10 indicate cases of dispersion.
Dispersion does not correspond to evolution of a system as a whole, 50 it will have
1o be indicated as a particular event. Cases of replicated patterns, with evident
secondary biotic sympatry, are indicated as above. Cases of individual dispersion
are not present in the examples used here, so this problem is left w be handled
clsewhere,

EXAMPLES OF APPLICATION OF THE SYSTEM

Applications of this new system are given below for groups which already have
proposed biogeographical analyses. A biological area cladogram, based on differ-
ent partial reconstructions ol intercontinental relationships (Muwrog, 1974,
PLaTrick, 1976; Rosexn, 1978; Humparies, 1981; AMoriM, 1982h, 1987) summa-
rized in Amoriv & Tozos (submitted), is herein used as the basis for the system
(Fig. 1). The group* notation (AMoriM, 1982) is used to name the fully resolved
inclusive taxa insequenced classifications. The group” notation (AMORIM, in press)
is used 1o name inclusive polychotomous taxa in sequenced classifications.

The Linnacan structure of the classification of the Anisopodoidea (Diptera)
{(Example 1) comes [rom AmoriM & Tozow (submitied), The classification of the
Ditomyiidae (Diptera) (Example 2) uses most information from MuNroE (1974).
The classification of the Rhegmoclematini (Example 3) comes from AMORIM
(1982b}. The classification of the group Fagus* was erected using HuMpHRIES'
(1983) phylogeny lor the Fagaceae (Example 4). The abbreviations are referred to
in the legend of Fig, 1.

! Prof. Nelson Papavero (pers. comm.) correctly observed that the word swapairic - largely used in bio-
geography - actually means “those whe have the same Tather (retee)”™, while sempatrid (as well as allo-
patrid, or parapatrid, ete.) is the correet form for “those who have the same land of origin (o)
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Example 1 -

1 Anisopodeiden
-Gy Olbiogastridac
Gle-CAn-MoAuS-MoS now sublamily 1
Lerhogasier
Carreraia
G'Tr Ollviogastrinac
ALOr new tribe 1 [new genus 1]
Mo Qlbiogastrim
AuM pew genus 2
Mol CMbiagusier
I growp Anisopodidac*
P Anisopodidie
1. Svfvicela
G onew genus 3
1 Mycetalbidac
PeC-Cr T new subfamily 2 [ Falesog|
I* Mycetobiinae™
1. Mycetobinne [Myeenobio]
GGTr new subfamily 3
AL Mesocheia
Mol new genus 4

Fommple 2 -

P IFiomyindae
I* group Disomia®
L. Dhivenmvict
G group Nervifrcm™
G le-Can Nervijiencia
Gl growp Asfeditomyio* *
ALC-0r growp Asfodicmdo
Asioliterravica
Celehesonyia
MoAuM-MoN® group Riipidisa*®
MoM Riimdita
NoM Calliceraiomyia
I grougp Syveineris ™
L2 Syreerrerniy
L5 (Swmmeruy)
Ad-Pall 8 arcnnalis
EA group S Jaunest
PaW group 8. baliicies®
Plesion 5. balicuy
5. anvertleny
5. nobilis
Makb & lats
L5 {Peilosynsienis)
A proup cogilis®
MaW 5. coguius
Fall group brevicornis”
& brevicorniy, sed. mul,
8. mepaiensiz, sed. mul.
8. pectinatus, sed. mul.
8, fuscicandans, sed. mut.
S elongenes, sed, mul,
EA-Nak group vockerothi
S vockerodhi
5. nrrcany

Revtn bras. Enl. 36{2), 1992



EMPIRICAL SYSTEM OF RANKING

G Australonwmmenis

GTe-CAn® group A, {Australoswmmens)++
CAnt group A. (Australosverimeris)™
CAN A. {Australosynmernis)
CAnA. (Criohisca)
CAn-NoAuS groupA. (Fenmrifobusy*
AuS A, (Venerilobus)
Mo A, (Aracosnhus )
GTr-NoAuM-NoN? group Fefliocandu*
Velliocada
Tanirs
Calosvwimerns
Mol Melasyrmers

Example 3 -

P Rhegmoclematini
P-G-GTe-CAn-NoAuS Diampfriclicns
AuS [ arsiralis
NoS [ chilensts
P group Rhegnoclema*
P Rlregrmaciona
P group Parascarapse®
P Pavascatapse
I* Rhwgrneclonnitea
LR {RPeomeoceming b
G-GTr-NoAuN group Neorficgrroclenina *

NoM Nearhegmaoclaning
AUM Ansirocleming
Example 4 -
" group Fagrs*
L Fagus
G-GTe Novhofags

NGMNCA group pemprt
NG/NC-NG N. perni
NGMNC3 group reda*
NGMNC group nuda
NGMCE group brassi*
NG/MNC group brassii
NGNC-NG group carii
CAN® group rrenziensi®
CAN group rherzicesis, sedis miaabilis
CaAn group fuusea, vedis iiuiatbilis
CAn-NZ group selandrs, sedis smtabilis
CAn group primilio, sedis nunabilis

Acknowledgements, | amvery grateful to Nelson Papavero for extensive discussions on Lhe subject
of the paper, and also to Graham C.D, Griffiths, Nelson Bernardi, and Martin L. Christolfersen for

interesting suggestions on earlier drafts of the manuscript. [ am also grateful to Chris Humphries for
a number of corrections and suggestions made on the text,
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PoE MoW NoE PoW PoE MoW MoE PoW MoS AuS MZ MaS SuS NZ MoS AuS NI NG NC AfS MoN AuN Or  AIN

Nolws ofus HNafu
Aub Afor
AA EA AL EA CAn Chn Can Ho
MNG/NC
CAn
L L
Cén GTr
GTe
LE G
P P
P p2
p3

Fig. 1 - Arca cladogram for the history of inlercontinental relationships. Abbreviations of components:
AA - Asiamerica; AMN - Northern Afrotropical; A[Or - Afro-Oriental; ALS - Southern Afrotropical;
AuN - Northern Australian; AuS - Southern Australian; CAn - Circumantarctic; EA - Euramerica ; G
- Gondwana;, GTe - Temperate Gondwana; GTr - Tropical Gondwana; L - Laurasia; NaE - East
Mearctic; NaW - Wesi Mearctic; NC - Mew Caledonia; NG - New Guinea; NoAuM - Meotropical-
Morthern Australian; MoAuS - Neotropical-Southern Australian; NoM - Morthern Neotropical; No3
- Southern Neotropical; N7, - New Fealand; Or - Oriental; I - Pangaca; PakE - East Palacarclic; PaW
- Wesl Palacarctic, Sec text for explanations,
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