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Abstract. — This paper documents congruence in geographical patterns of speciation for four clades
of birds having taxa endemic to the same areas within the Neotropics. Two genera, Pionopsitta
parrots and Selenidera toucans, corroborate a well known biogeographic disjunction in which taxa
endemic to southern Central America and the Choc6 region of northwestern South America are
the sister-group to a radiation within the Amazon basin. These two genera, along with two lineages
within the toucan genus Pteroglossus, also document a pattern of historical interrelationships for
four well known areas of endemism within Amazonia: Guyanan + (Belém-Parid + (Inambari -
Napo)).

These generalized historical patterns are interpreted to have arisen via fragmentation (vicariance)
of a widespread ancestral biota. A review of the paleogeographic evidence suggests that these
vicariance events could have originated as a result of several different mechanisms operating at
various times during the Cenozoic. The inference that diversification of the Neotropical biota is
primarily the result of the most recent of these possible vicariance events, namely isolation within
Quaternary forest refugia, is unwarranted, given present data. These patterns of historical congru-
ence are also interpreted as direct evidence against the hypothesis that diversification of the forest
biota was a consequence of parapatric differentiation along recently established ecological gradients.
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The origin and evolution of biotic diver-
sity remains a central problem within evo-
lutionary biology. The hypothesis that spe-
ciation is predominately allopatric has been
highly corroborated over the past 50 years
(evidence summarized in Mayr [1942,
1963]; Bush, 1975; Futuyma and Mayer,
1980), thus it is generally agreed that biotic
diversity is the result of episodes of differ-
entiation within spatially isolated popula-
tions, accumulated over time. Allopatric dif-
ferentiation is now postulated to develop in
two ways—by vicariance of widespread an-
cestral populations following the inception
of a physiographic or ecological barrier (type
Ia of Bush [1975]; dichopatric of Cracraft
[1984]), or by long-distance dispersal across
a preexisting barrier (peripatric speciation
of Mayr [1982a]). Some workers (Mayr,
1963 p. 513, 1982a, 1982b; Bush, 1975)
have postulated that peripatric speciation is
the more common of the two modes. Yet,
if we are to understand processes of faunal
assembly within continental biotas, it will
first be necessary to document the historical
patterns of speciation within the component

clades of those biotas. By searching for con-
gruence in the historical patterns of differ-
entiation, we can evaluate the relative con-
tributions that dichopatric (vicariant) and
peripatric modes of speciation have made
to the evolution of diversity within conti-
nental biotas (Rosen, 1978; Cracraft, 1982,
19834, 1983bh, 1986; Wiley, 1981; Wiley
and Mayden, 1985).

Systematic and biogeographic analyses of
the Neotropical biota in general and of birds
in particular have played a central role in
our 'current models of biotic diversification
(Haffer, 1969, 1974, 1982, 1985; Simpson
and Haffer, 1978; Vuilleumier, 1971). At
this time, the refuge hypothesis (Haffer,
1969; Simpson and Haffer, 1978; Prance,
1982a) is the most widely accepted model
for the evolution of the Neotropical biota.
According to this model, speciation pat-
terns of Neotropical faunal elements arose
as a result of cyclical expansion and con-
traction of the forest and nonforest habitats
during Quaternary climatic fluctuations
(Haffer, 1969, 1970a, 1974, 1977, 1979,
1981, 1982, 1985).
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Patterns ofendemism (Miiller, 1973; Haf-
fer, 1974, 1978; Cracraft, 1985) and geo-
graphic variation (Haffer, 1970q, 1974; Haf-
fer and Fitzpatrick, 1985) have been
established for many groups of Neotropical
birds. Despite this information, we suffer
from an almost complete lack of under-
standing about the phylogenetic patterns of
avian differentiation within the Neotropics
or about the existence of spatial and tem-
poral congruence in those patterns. The pur-
pose of this paper is to present evidence for
one such pattern of historical biogeographic
congruence within the Neotropical biota
based on phylogenetic hypotheses for four
clades of birds.

MATERIALS AND METHODS
Evolutionary Taxa

This study examines spatial patterns of
cladogenesis using discrete evolutionary
taxonomic units or “phylogenetic species”
(Nelson and Platnick, 1981; Cracraft, 1982,
1983a, 1986, 1987). These taxa may be di-
agnosed in terms of unique combinations
of discrete characters, and they cannot be
further subdivided on the basis of diagnos-
tic character variation into smaller units (i.e.,
these taxa are basal). Many basal taxa with-
in birds have been united into a variable
number of ‘“biological species,” either be-
cause it is presumed that the forms have not
differentiated sufficiently to be reproduc-
tively isolated or because some specimens
within zones of sympatry are considered to
be hybrids. As is well known, however, pat-
terns of reproductive cohesion and disjunc-
tion among populations do not necessarily
parallel phylogenetic patterns of differentia-
tion (Cronquist, 1978; Rosen, 1978; Cra-
craft, 1983a, 1987). Hence, phylogenetic,
not “biological,” species must be used to
reconstruct the spatial history of differen-
tiation. Both species concepts will provide
the same pattern only when all included
“biological species” are monotypic taxa.

Because we employ basal taxa that are
defined in terms of discrete character vari-
ation, we will not be concerned with non-
discrete (continuous) variation such as that
found along clines. This type of variation,
although critical for examining the popu-
lation-level dynamics of differentiation,
cannot be used to delimit taxa or to for-
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mulate genealogical hypotheses. A major
problem facing evolutionary biologists is
whether observed discrete taxa arose sym-
patrically, parapatrically, or allopatrically.
The analysis of historical pattern is critical
for evaluating the potential influence of these
different modes (Wiley, 1981; Cracraft,
1982), and the use of discrete basal taxa
does not prejudge what those patterns might
be or how they might be interpreted (the
evolutionary significance of clinal variation,
for example whether it is the result of pri-
mary or secondary intergradation, is in part
dependent upon a correct resolution of his-
torical pattern). Complete understanding of
patterns and processes of diversification
within any biota will require analyses of both
discrete and nondiscrete variation, but
identification of postulated patterns of vi-
cariance and evaluation of their significance
necessitates analysis of diagnostically dis-
crete taxa.

Phylogenetic Analysis

Phylogenetic hypotheses were generated
by cladistic analysis (Eldredge and Cracraft,
1980; Wiley, 1981; Nelson and Platnick,
1981), using the numerical cladistic pro-
gram, Phylogenetic Analysis using Parsi-
mony (PAUP) of D. L. Swofford (1985).
Character variation was studied using spec-
imens housed in the American Museum of
Natural History (New York), Field Museum
of Natural History (Chicago), Museum of
Comparative Zoology (Cambridge, MA),
and the University of Michigan Museum of
Zoology (Ann Arbor), and external mor-
phological characters were coded binarily
into primitive-derived character-states us-
ing outgroup comparison (see above refer-
ences and Maddison et al. [1984]). In all
cases, outgroup taxa were easily identified
and included species in closely related
species-groups or genera (see Results).

In order to examine the preliminary hy-
pothesis of ingroup monophyly and to eval-
uate alternative interpretations of polarity,
minimum-length trees were generated using
the unordered character option of PAUP.
This option permits all possible character-
state transformations and thus does not
make a prior judgment about character po-
larity. The results presented below, how-
ever, were produced using the ordered char-
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acter-state option based on the hypothesized
polarity sequences. PAUP generates un-
rooted networks, and these trees were root-
ed by specifying an outgroup taxon as that
root.

RESULTS
Patterns of Differentiation

The four clades discussed in this section
were chosen because they exemplify con-
gruence in their spatial pattern of differen-
tiation. Each clade consists of three or more
nonsympatric, basal taxa distributed within
established areas of endemism (Haffer, 1974;
Cracraft, 1985), and together they produce
four independent area-cladograms for the
historical interrelationships of these areas.
We have undertaken analyses of other
groups, and congruent patterns different
from the results presented here have been
discovered (Prum, 1982, 1988; Cracraft,
unpubl.); these other patterns will be de-
scribed elsewhere. Theoretically, conflicting
general patterns such as these are to be ex-
pected, inasmuch as all continental biotas
have had a long complex history, with pa-
leogeographic and paleoclimatic events
having influenced spatial patterns of differ-
entiation differently among groups. The key
to unraveling this complexity, we suggest,
is to delineate these different congruent pat-
terns and then seek to resolve any conflicts
among them by recourse to still more gen-
eral explanatory hypotheses.

Pionopsitta. — The parrot genus Pionop-
sitta (Psittacidae) consists of eight (possibly
nine) evolutionary taxa distributed allopat-
rically in Central and South America (Fig.
1). Haffer (1970a pp. 290-295) discussed
the distributional patterns of the forms of
the Amazon basin, northwest South Amer-
ica, and Central America. He recognized six
species but did not treat another species in-
cluded here, P. pileata. Forshaw and Cooper
(1973 pp. 487-494) accepted six species in
the genus, but placed P. vulturina in its own
genus, Gypopsitta, based on numerous de-
rived characters. Differences in species lim-
its between these two studies and the phy-
logenetic species of this analysis are
relatively minor. Both Haffer (19704) and
Forshaw and Cooper (1973) combined P.
haematotis and P. coccinicollaris into a sin-
gle biological species, but we recognize them
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as phylogenetically differentiated taxa. Two
subspecies of P. barrabandi have been rec-
ognized by previous workers. The form dis-
tributed south of the Amazon, aurantiigena,
was described by Gyldenstolpe (1951 pp.
67-68) as having bright orange on the
cheeks, bend of the wing, and thighs, com-
pared to the more yellowish or yellow-or-
ange color of nominate barrabandi. We have
been unable to confirm this distinction, be-
cause critical specimens are few in number
and appear to show some gradation in color
(specimens in the Louisiana State Univer-
sity Museum of Zoology also suggest that
these two forms may not be distinct; J. V.
Remsen, pers. comm.). We plot the distri-
butions of both forms in Figure 1 but rec-
ognize one species in the systematic anal-
ysis. A close relative, Hapalopsittaca
melanotis, was used as a root for the tree
and, along with other South American par-
rots, as an outgroup in the character analysis
(Hapalopsittaca and Pionopsitta are united
by having a green tail, tipped with dark blue).

Phylogenetic analysis using 26 characters
(Table 1) revealed a single most parsimo-
nious tree (29 steps, consistency index of
0.897; Fig. 1). The genus is divisible into
two basal lineages: P. pileata of the Serra
do Mar center of endemism in southeastern
coastal Brazil is the sister-species of all the
remaining species. This latter clade exhibits
a cis-trans-Andean pattern of relationships.
Thus, one lineage shows a Choco-Central
American (trans-Andean) distribution: P.
haematotis, distributed from western Pan-
ama north to southern Mexico, is the sister-
species of P. coccinicollaris of eastern Pan-
ama and northwestern Colombia (western
part of the Nechi center of endemism); these
two taxa are, in turn, the sister-group of P.
pulchra of the Chocd. This lineage is the
sister-group of a larger species-group dis-
tributed in the Amazon basin (cis-Andean).
Within this latter clade, P. caica of the Guy-
anan center of endemism is the sister-taxon
of three well-defined species: P. pyrilia of
northwestern Colombia from Lake Mara-
caibo to the northern part of the Chocd, and
its sister-pair, P. vulturina of the Para and
Belém (Maranhao) centers of endemism and
P. barrabandi of the Napo (nominate bar-
rabandi) and Inambari (aurantiigena) cen-
ters.



