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Abstract.—Historical biogeographic patterns of relationships among southern and northern
South America, North America, and southern temperate areas were investigated by a cladistic
biogeographic analysis of 17 taxon cladograms. Three techniques were applied: Wiley’s biogeo-
graphic parsimony analysis, Nelson and Platnick’s component analysis, and Humphries, Ladiges,
Roos, and Zandee’s quantification of component analysis. Biogeographic parsimony analysis
yielded two general area cladograms (CI = 0.74). Under component analysis, six general area
cladograms (two under Nelson and Platnick’s assumption 1 and four under their assumption 2)
were obtained through the intersection of a maximum of 10 sets of area cladograms. Quantifi-
cation of component analysis produced nine cladograms (CI = 0.50) under assumption 1 and
one (CI = 0.45) under assumption 2. The results support a hybrid origin of the South American
biota. The northern South American biota is most closely related to that of North America, and
southern South America constitutes a monophyletic group together with Australia, Tasmania,
New Guinea, New Caledonia, and New Zealand, reflecting the existence of an ancient austral
biota. Four conflicting hypotheses of area relationships concerning southern South America and
the other austral areas are proposed, suggesting that southern South America may be a composite
area in itself. [South America; cladistics; biogeography; parsimony analysis; componerit analysis.]

The biota of southern South America has
always captivated the minds of those in-
terested in biogeography, due to the in-
teresting distributional patterns exhibited
by representatives of its flora and fauna.
For. more than a century, biologists have
proposed numerous theories to account for
the origin and close relationships of biotas
found in southern South America and oth-
er southern temperate regions, such as
Australia, New Zealand, and South Africa.
Many biogeographic schemes place south-
ern South America in a different region
from the rest of the South American con-
tinent (Jeannel, 1942, 1967; Monroés, 1958;
Croizat, 1960; Skottsberg, 1960; Kuschel,
1964b; Rapoport, 1968; Fittkau, 1969; Takh-
tajan, 1969; Cabrera and Willink, 1973;
Miiller, 1979). Recently, authors have pos-
tulated that South America is a continent
of hybrid origin and should be divided for
biogeographic studies in two areas, namely
southern temperate and northern tropical
areas (Humphries, 1981b; Parenti, 1981;
Patterson, 1981; Humphries and Parenti,
1986).

Many contributions on southern South
American biogeography focused on over-
all biotic similarity with other regions of
the world. Most frequently, hypotheses of
biotic dispersal have been proposed to ac-
count for the observed similarity (Fleming,
1964; Preest, 1964; Simpson, 1964; Darling-
ton, 1965; Kuschel, 1969; Raven and Ax-
elrod, 1975). The use of cladistic method-
ology in systematics (Hennig, 1966) and
the subsequent development of cladistic or
vicariance biogeography (Platnick and
Nelson, 1978; Rosen, 1978; Nelson and
Platnick, 1981; Humphries and Parenti,
1986) have provided an operational tool for
analyzing relationships of areas. Cladistic
biogeography assumes a correspondence
between taxon relationships and area re-
lationships. Comparisons between phylog-
enies of unrelated groups of organisms oc-
curring in the same areas might elucidate
general patterns that can be used to pro-
pose hypotheses of the historical relation-
ships of those areas. Some controversy over
the most appropriate technique for eluci-
dating these general patterns has arisen
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recently. Few attempts have been made to
use cladistic biogeography to formulate
hypotheses about the relationships of South
America and its related areas (Humphries,
1981a, 1981Db; Parenti, 1981; Patterson, 1981;
Humphries and Parenti, 1986), and none
of these attempts has treated southern
South America as an independent unit of
analysis.

The objectives of this paper are twofold:
(1) to postulate hypotheses on the rela-
tionships between southern South Amer-
ica and its related areas and (2) to explore
and compare different cladistic biogeo-
graphic methodologies. Although it may
be questionable to treat large areas, such
as southern South America, as a single area
of endemism, biogeographic analyses at
this level have proved useful in other stud-
ies (Humphries, 1981a, 1981b; Parenti, 1981;
Patterson, 1981; Humphries and Parenti,
1986; Seberg, 1988; Craw, 1989).

MATERIAL AND METHODS
Choice of Areas

An approximation of a definition of
southern South America may be obtained
by looking at the distribution of many in-
dividual taxa, such as Azara (Flacourti-
aceae); Escallonia (Escalloniaceae); Lucilia,
Perezia, Nassauvia, and Leucheria (Astera-
ceae); Mummucidae and Daesiidae (Solifu-
gae); Tristiridae (Orthoptera); Aucacrinae
(Orthoptera: Ommexechidae); Pompilocalus
(Hymenoptera: Pompilidae); Migadopini,
Homaloderina, Metius, Mimodromius, Fer-
oniola, and Barypus (Coleoptera: Carabidae);
Faroninae (Coleoptera: Pselaphidae); Li-
paretrini (Coleoptera: Scarabeidae); Nyec-
teliini, Scotobiini, and Praocini (Coleop-
tera: Tenebrionidae); and Nemonychidae,
Oxycorynidae, Aegorhinus, Listroderes, and
Cylydrorhinus (Coleoptera: Curculionoi-
dea). Based on these distributions, south-
ern South America is defined here as the
area south of 30° south latitude. The An-
dean highlands north of 30° south latitude
are also included in the area. This defini-
tion is congruent with the biogeographic
schemes of Kuschel (1969) and Takhtajan
(1986) and with Humphries and Parenti’s

(1986) definition of southern South Amer-
ica.

In order to determine the geographic
regions exhibiting affinities to southern
South America, a nonexhaustive search of
distributional patterns of several groups of
plants and animals was conducted. Table
1 shows the taxa (including taxonomic
placement, geographic distribution, and
recent references) that suggest the selec-
tion of the areas to be included in the anal-
ysis. The selected areas were (1) southern
South America (SSA), (2) northern South
America (NSA), (3) Australia (AUS), (4)
New Guinea (NG), (5) New Caledonia (NC),
(6) Tasmania (TAS), (7) New Zealand (NZ),
(8) South Africa (AF), and (9) North Amer-
ica (NA).

Choice of Taxa

From the taxa included in Table 1 we
chose those 17, listed below, for which
phylogenetic analyses were available. Their
original area cladograms are presented in
Figure 1. Taxa included in our study were
(a) Oxelytrum plus Ptomaphila (Coleoptera:
Silphidae); (b) Diamesinae (Diptera: Chi-
ronomidae); (c) Podonominae (Diptera:
Chironomidae); (d) Pseudopsinae (Cole-
optera: Staphylinidae); (e) Crinodendron,
Dubouzetia, and Peripentadenia (Elaeocarpa-
ceae); (f) Embothriinae (Proteaceae); (g)
Metallicina (Coleoptera: Carabidae); (h)
Siphlonuridae (Ephemeroptera); (i) Noth-
ofagus plus Fagus (Fagaceae); (j) Cyttaria
(Cyttariaceae); (k) Eriococcus plus Madaro-
coccus (Hemiptera: Eriococcidae); (1) Negria
plus Drepanthus (Gesneriaceae); (m) Oreo-
myrrhis (Apiaceae); (n) Drapetes (Thymelae-
aceae); (0) Nannochoristinae (Mecoptera);
(p) Drimys (Winteraceae); and (q) Aristotelia
(Elaeocarpaceae).

Data Analysis

Cladistic biogeographic analysis com-
prises two main steps: (1) constructing a
fundamental area cladogram for each tax-
on cladogram by replacing the name of
each terminal taxon with the name of the
area(s) in which it occurs and (2) gener-
ating a general area cladogram based on
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FIGURE 1.
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Original area cladograms derived from the 17 taxa used as input in the study. (a) Oxelytrum-

Ptomaphila (Coleoptera: Silphidae), after Peck and Anderson (1985). (b) Diamesinae (Diptera: Chironomidae),
after Brundin (1966). (c) Podonominae (Diptera: Chironomidae), after Brundin (1966). (d) Pseudopsinae (Co-
leoptera: Staphylinidae), after Herman (1975). (e) Crinodendron-Dubouzetia-Peripentadenia (Elaeocarpaceae),
after Coode (1987). (f) Embothriinae (Proteaceae), after Weston and Crisp (1987). (g) Metallicina (Coleoptera:
Carabidae), after Shpeley (1986). (h) Siphlonuridae (Ephemeroptera), after Edmunds (1981). (i) Nothofagus-
Fagus (Fagaceae), after Humpbhries et al. (1986). (j) Cyttaria (Cyttariaceae), after Crisci et al. (1988). (k) Eriococcus-
Madarococcus (Hemiptera: Eriococcidae), after Humphries et al. (1986). (1) Negria-Drepanthus (Gesneriaceae),
after Humphries (1981b). (m) Oreomyrrhis (Apiaceae), after Melville (1981). (n) Drapetes (Thymelaeaceae), after
Humphries (1981b). (o) Nannochoristinae (Mecoptera), after Edmunds (1981). (p) Drimys (Winteraceae), after
Humphries (1981b). (q) Aristotelia (Elaeocarpaceae), after Coode (1985).
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the information contained in the area
cladograms.

Area cladograms.—The first step of anal-
ysis is trivial if every taxon is endemic to
a unique area: it consists of substituting
areas for taxa. This procedure is compli-
cated when the data have missing areas,
widespread taxa, and redundant distribu-
tions (Nelson, 1984; Page, 1988, 1990). In
such cases, procedures for converting tax-
on cladograms into area cladograms have
been proposed, namely assumptions 1 and
2 (Nelson and Platnick, 1981) and assump-
tion 0 (Wiley, 1987, 1988; Zandee and Roos,
1987).

Missing areas are treated as uninforma-
tive under the three assumptions, except
under Zandee and Roos’s (1987) interpre-
tation of assumption 0, in which missing
areas are treated as absent.

Areas inhabited by one widespread tax-
on are considered to be monophyletic (sis-
ter areas) under assumption 0. Assumption
1 treats them as mono- or paraphyletic; as-
sumption 2 considers them as mono-, para-,
or polyphyletic.

Regarding redundant distributions (ar-
eas harboring more than one taxon), as-
sumption 0 considers that if two taxa are
present in the same area, their occurrences
are both valid (Wiley, 1988). Very little at-
tention has been directed toward how as-
sumptions 1 and 2 deal with redundant
distributions. In this paper we apply the
procedure implemented by Page (1989b) in
his program COMPONENT, where all the
occurrences of a redundant distribution are
considered simultaneously valid under as-
sumption 1, and each occurrence of a re-
dundant distribution is considered sepa-
rately under assumption 2 (Page, 1990).

General area cladograms. —The proce-
dures designed to obtain general area
cladograms are still being developed and
their advantages and limitations are poorly
known. Based on these reasons, three dif-
ferent techniques were employed herein:
biogeographic parsimony analysis, based
on assumption 0 (Wiley, 1987, 1988), and
component analysis (Nelson and Platnick,
1981; Nelson, 1984; Humphries and Paren-
ti, 1986) and quantification of component

analysis (Humphries et al., 1988), both
based on assumptions 1 and 2.

Biogeographic parsimony analysis: Biogeo-
graphic parsimony analysis builds a data
matrix (areas X components) based on all
the fundamental area cladograms. The ma-
trix is then analyzed under a Wagner par-
simony algorithm (Kluge and Farris, 1969)
to obtain a general area cladogram. In this
study, missing areas were coded in a neu-
tral manner (missing state option in the
HENNIG86 program). Zandee and Roos
(1987) and Wiley (1988) coded terminal taxa
as autapomorphies of areas; these apomor-
phies are uninformative with regard to area
relationships, so they were not included in
our data matrix. The basal component was
not considered in the data matrix when it
replicated an already coded component of
the cladogram.

Component analysis: For each of the two
groups of area cladograms independently
derived under assumptions 1 and 2, the
general area cladograms were obtained by
intersection (Nelson, 1984; Page, 1988),
which consists of finding the tree(s), if any,
that is (are) shared by the sets of area cla-
dograms obtained from each taxon clado-
gram. The computational problem created
by the high number of cladograms gen-
erated by missing areas was handled by not
including the resulting missing areas in
each particular case. When more than one
cladogram was obtained from a taxon
cladogram (and in order to avoid a high
number of illustrations in the paper), a strict
consensus tree was constructed.

Quantification of component analysis: Hum-
phries et al.’s (1988) quantification of com-
ponent analysis codes the components from
each area cladogram derived under as-
sumption 1, then constructs a data matrix
(areas X components), which is analyzed
under the Wagner parsimony algorithm.
The same procedure is used for the area
cladograms derived under assumption 2.
In contrast to the method of Humphries et
al. (1988), and following Page’s (1989a)
suggestion, we permitted only one entry
of each different component for every set
of area cladograms derived from the same
taxon cladogram.
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FIGURE 2. Two general area cladograms produced
by biogeographic parsimony analysis.

The calculations regarding assumptions
1 and 2, intersections, and strict consensus
analyses were performed using COMPO-
NENT version 1.5 (Page, 1989b). It must be
pointed out that assumption 1 as imple-
mented in Page’s program COMPONENT
has differences from the approach of Nel-
son and Platnick (1981) to the same as-
sumption (N. I. Platnick, pers. comm.).

Wagner parsimony analyses were per-
formed using HENNIGS86 version 1.5 (Far-
ris, 1988), applying the implicit enumera-
tion option for calculating trees. Every time
a Wagner parsimony analysis was per-
formed, the consistency (Kluge and Farris,
1969) and retention indices (Farris, 1989)
were calculated. When the Wagner parsi-
mony analysis yielded more than two trees,
the Nelson consensus tree (Nelson, 1979)
of HENNIG86 was calculated to be used as
illustration.

RESULTS
Biogeographic Parsimony Analysis

Analysis of the data matrix (10 areas X
88 components; Appendix 1) yielded two
general area cladograms with a consistency
index of 0.74 and a retention index of 0.62
(Fig. 2). These cladograms show North
America and northern South America as
sister areas; southern South America is in-
cluded in a monophyletic group with Aus-
tralia, Tasmania, New Guinea, and New
Caledonia, with New Zealand as the sister
area. North America plus northern South
America either is the sister area of South
Africa or is the sister area of the rest of the
areas, exclusive of South Africa.

Component Analysis

Eleven out of the 17 original area clado-
grams showed widespread taxa and/or re-
dundant distributions. Consequently, as-
sumptions 1 and 2 were applied to them,
producing a variable number of resolved
area cladograms. Generally, more than one
resolved area cladogram was obtained from
each fundamental taxon cladogram, so strict
consensus trees were then constructed to
be used as illustrations (Fig. 3).

No general area cladogram common to
the 17 sets of area cladograms derived un-
der assumption 1 or 2 could be found by
intersection. Even though not supported
by the 17 sets of area cladograms, searches
for a tree shared by a smaller number of
sets of area cladograms were performed.
As a result of this procedure, the largest
number of sets able to share one or more
cladograms was 10.

Under assumption 1, two general area
cladograms were obtained through the in-
tersection of the sets of area cladograms
derived from the following 10 taxa:
Oreomyrrhis, Drimys, Negria-Drepanthus,
Cyttaria, Nothofagus-Fagus, Diamesinae,
Pseudopsinae, Crinodendron-Dubouzetia-
Peripentadenia, Embothriinae, and Eriococ-
cus-Madarococcus. Both general area clado-
grams (Figs. 4a, b) show almost the same
relationships, except for the basal branch,
which may be either the pair North Amer-
ica-northern South America (Fig. 4a) or
South Africa (Fig. 4b). In the two clado-
grams, northern South America is the sis-
ter area of North America, and the south-
ern temperate areas (southern South
America, Australia, Tasmania, New Zea-
land, New Guinea, and New Caledonia)
constitute a monophyletic group where
southern South America is the sister area
of the remaining units.

Under assumption 2, four general area
cladograms were found through the inter-
section of two groups of trees derived
from 10 taxa each. Based on Eriococcus-
Madarococcus, Embothriinae, Diamesinae,
Podonominae, Drimys, Oreomyrrhis, Pseu-
dopsinae, Siphlonuridae, Crinodendron-
Dubouzetia-Peripentadenia, and Negria-Dre-
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FIGURE 3. Eleven taxa (out of the 17) that presented widespread taxa and/or redundant distributions, and
their resolution under assumptions 1-and 2. When more than one cladogram was produced, strict consensus
trees are presented; the numbers of cladograms generated are stated to the left of them. (a) Oxelytrum-Ptomaphila
(Coleoptera: Silphidae). (b) Diamesinae (Diptera: Chironomidae). (c) Podonominae (Diptera: Chironomidae).
(d) Pseudopsinae (Coleoptera: Staphylinidae). (e) Crinodendron-Dubouzetia-Peripentadenia (Elaeocarpaceae). (f)
Embothriinae (Proteaceae). (g) Metallicina (Coleoptera: Carabidae). (h) Siphlonuridae (Ephemeroptera). (i)
Nothofagus-Fagus (Fagaceae). (j) Cyttaria (Cyttariaceae). (k) Eriococcus-Madarococcus (Hemiptera: Eriococcidae).

panthus, two general area cladograms were
obtained. One of these replicates the sec-
ond general area cladogram obtained un-
der assumption 1 (Fig. 4b); the other is con-

sistent with both general area cladograms
obtained under assumption 1 (Fig. 4c). The
remaining two general area cladograms
(which resulted from the intersection of



SYSTEMATIC ZOOLOGY

voL. 40

NA AF NA
NSA NA NSA
AF NSA AF
SSA SSA SSA
AUS AUS AUS
TAS TAS TAS
NZ NZ NZ
@XM X (o XN
NC NC NC
AF NA
NA NSA
NSA AF
SSA SSA
NZ NZ
NC NC
NG NG
(d) X Aus (@) \(AYS
TAS TAS

FIGURE 4. Five general area cladograms produced
by component analysis. Each of them is the result of
the intersection of 10 sets of area cladograms. (a) Un-
der assumption 1. (b) Under assumptions 1 and 2. (c-
e) Under assumption 2.

cladograms derived from Eriococcus-Ma-
darococcus, Embothriinae, Diamesinae,
Podonominae, Drimys, Pseudopsinae,
Siphlonuridae, Crinodendron-Dubouzetia~
Peripentadenia, Drapetes, and Nannochoris-
tinae) are consistent with the others ob-
tained under assumption 2, with the ex-
ception of the placement of New Guinea
(Figs. 4d, e). Both of these general area
cladograms differ from the others obtained
under component analysis in the interre-
lationships of New Zealand, New Cale-
donia, New Guinea, Australia, and Tas-
mania.

Quantification of Component Analysis

Two data matrices of areas versus com-
ponents were built with the components
extracted from the sets of resolved area
cladograms obtained under assumption 1
or 2 (Figs. 3a-k) and from the original area
cladograms that showed neither wide-
spread taxa nor redundant distributions
(Figs. 11-q).

.Under assumption 1, a data matrix of 10

AF AF
NA NA
NSA NSA
NG NG
NC NC
TAS TAS
AUS NZ
SSA SSA
(a) NZ (b) AUS

FIGURE 5. General area cladograms produced by
quantification of component analysis. (a) Nelson con-
sensus tree of the nine general cladograms obtained
under assumption 1. (b) General area cladogram ob-
tained under assumption 2.

areas X 104 components (Appendix 2) was
constructed. Parsimony analysis of this data
matrix produced nine general area clado-
grams with a consistency index of 0.50 and
a retention index of 0.39. The Nelson con-
sensus tree (Fig. 5a) for these nine general
area cladograms shows only the following
pairs of sister areas: Australia-Tasmania,
New Guinea-New Caledonia, southern
South America-New Zealand, and north-
ern South America-North America.

Under assumption 2, analysis of the data
matrix (10 areas X 182 components; Ap-
pendix 3) led to only one general area
cladogram (Fig. 5b) with a consistency in-
dex of 0.45 and a retention index of 0.36.
This cladogram shows northern South
America, North America, and South Africa
as a monophyletic group where the first
two are sister areas. The southern temper-
ate areas constitute a monophyletic group
where southern South America is the sister
area of Australia.

D1scUSSION

Although no single hypothesis of area
relationships is postulated, some repeated
patterns were observed, and the following
conclusions can be drawn from the anal-
ysis. Southern South America and north-
ern South America never constituted a
monophyletic group; southern South
America was related to the other southern
temperate areas (except South Africa),
whereas northern South America was al-
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ways the sister area of North America or
they both constituted a trichotomy with
South Africa. This pattern corroborates the
idea that South America is a continent of
hybrid biotic origin, reflecting a separate
history of southern South America from
northern South America. Southern South
America shares a basic component of its
history with the austral regions, thus ex-
pressing the existence of an austral biota,
while northern South America shows a
common biotic history with North Amer-
ica.

Southern South America is related to the
other austral areas according to four con-
flicting patterns: (1) southern South Amer-
ica is the sister area of the remaining aus-
tral areas; (2) southern South America is
the sister area of the group constituted by
Australia, Tasmania, New Guinea, and New
Caledonia; (3) southern South America is
the sister area of New Zealand; and (4)
southern South America is the sister area
of Australia. These incongruences in the
relationships of southern South America
invite an explanation.

Some biological causes—such as ran-
domization effects of population disper-
sion, extinction, or phylogenetic groups
representing different time frames—can be
offered to explain the incongruences.

To see if past land connections can ex-
plain the conflicting patterns, we review
two current theories of Earth history con-
cerning southern South America. The Pan-
gaea theory (Cox and Hart, 1986) considers
the existence of a supercontinent (com-
prising all known landmasses) that split
and drifted to form the current configu-
ration of the continents. Many different
explanations of the timing of the subdivi-
sion of Pangaea have been proposed. Re-
garding the southern continents, it was
suggested that southern South America has
been related to New Zealand across West
Antarctica and later to Australia across East
Antarctica (Tarling, 1980; Archer and Clay-
ton, 1984). A second theory suggests the
existence of a southern supercontinent, Pa-
cifica, that split into several subcontinents
that subsequently drifted in various direc-
tions across the Pacific Ocean and collided

with South America and other continental
landmasses distributed around the Pacific
Ocean (Nur and Ben-Avraham, 1981). Un-
der this theory, Patagonia and part of Peru
were part of Pacifica. Some biogeographers
(Jeannel, 1967; Brundin, 1988) have claimed
that the relationships in various groups of
organisms support the Pangaea hypothe-
sis, whereas others (Edmunds, 1981; Mel-
ville, 1981; Humphries and Parenti, 1986)
have made alternative claims that relation-
ships represented in other groups support
the existence of a Pacifica continent. The
multiple patterns of relationships of south-
ern South America with the other austral
areas shown in our results are consistent
with both theories in a broad sense.

Congruent results are found in the lit-
erature if we compare our analysis with
those where similar approaches were used,
although not always including the same
whole areas. Parenti (1981), commenting
on the area cladograms presented by Pat-
terson (1981), suggested that southern
South America is closely related to Austra-
lia and New Guinea, whereas northern
South America shows closer relationships
to North America and Europe. Humphries
(1981a, 1981b) presented a general area
cladogram in which South America had
two alternative positions, suggesting a
composite origin for this continent; the re-
lationships proposed for southern South
America and the remaining austral areas
are not congruent with our results. The
general area cladogram presented by Schuh
and Stonedahl (1986) also supports the hy-
pothesis of a hybrid origin of South Amer-
ica. Craw (1989) presented three general
area cladograms in which South America
was always the sister area of Australia and
Tasmania, and Africa was the sister area of
the remaining austral areas.

Besides biological and geological causes,
differences in the methodologies and as-
sumptions applied can be invoked to ex-
plain the conflicting hypotheses postulat-
ed in our results. Biogeographic parsimony
analysis (Wiley, 1987, 1988) and quantifi-
cation of component analysis (Humphries
et al., 1988) assume that there is a single
set of interrelationships among the areas



164

SYSTEMATIC ZOOLOGY

voOL. 40

being analyzed. Thus, the results produced
by these methods are always based on the
information contained in all the funda-
mental area cladograms. In contrast, com-
ponent analysis (Nelson and Platnick, 1981)
does not presuppose that the areas being
analyzed will conform to a single pattern.
It seeks the most parsimonious area rela-
tionships for each taxon under study, and
then asks whether there are patterns of
interrelationships that are repeated in
many or all the taxa. In other words, com-
ponent analysis investigates (rather than
assumes) whether there is a single set of
area interrelationships that can explain all
the data (Platnick and Nelson, 1988), so the
yielded results may not necessarily be based
on the whole pool of data.

Moreover, the techniques differ in the
application of the parsimony criterion. Ac-
cording to Wiley (1988), assumption 0 is
the most economical explanation for the
data when obtaining the fundamental area
cladograms. In contrast, and according to
Page (1988), application of assumptions 1
and 2 in component analysis leads to extra
solutions in the construction of fundamen-
tal area cladograms that eventually allow
a more parsimonious result when con-
structing a general area cladogram.

It must be pointed out that the applica-
tion of component analysis to our data did
not lead to a unified result; no common
pattern of interrelationships recurs in the
area cladograms derived from all the taxa.
Following Platnick and Nelson’s (1988)
definition of component analysis, our ap-
proach to this problem was to search for
patterns of interrelationships that are re-
peated in many of the taxa involved. The
intersection of the 17 sets of area clado-
grams did not lead to a unified hypothesis,
thus we can infer that the areas analyzed
are related in more than one way. The hy-
potheses obtained from the 10 taxa may be
telling us some of those ways.

Finally, we can conclude that southern
South America shares a common history
with the other austral areas, reflecting the
existence of an ancient austral biota. The
conflicting hypotheses of area relation-
ships concerning southern South America

are probably due to the fact that southern
South America has more than one history
of area relationships.
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