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PHYLOGENETIC AND BIOGEOGRAPHIC 
RELATIONSHIPS IN THE NEOTROPICAL 

GENUS GYMNOPITHYS (FORMICARIIDAE) 

SHANNON J. HACKIX+* 

AL%sTRACT. - Evolutionary relationships among obligate ant-following birds in the genus 
Gymnopithys were addressed using phenetic and phylogenetic analyses of allozyme char- 
acters. Genetic variation at 37 gene loci was analyzed across all four species in the genus 
and within two species (Bicolored Antbird [G. leucaspis], and White-throated Antbird [G. 
salvin$. Interspecific genetic distances were high, and comparable to other studies of Neo- 
tropical birds, which exceed those in many temperate zone species. Within the genus, 
Lunulated Antbird (G. lunulata) and G. salvini were sister taxa. There was only weak support 
for a sister-taxon relationship between G. leucaspis and the Rufous-throated Antbird (G. 
n&da). Within G. leucaspis and G. salvini, high F,, indicated substantial genetic subdi- 
vision, again comparable to other Neotropical birds and much greater than temperate zone 
birds. Increased age of population isolation is proposed to account for the high genetic 
divergence in Neotropical birds. Received I5 May 1992, accepted 24 Nov. 1992. 

Despite widespread interest in biogeographic patterns of Amazonian 
birds, few phylogenies of Neotropical birds and no analyses of the genetic 
structure of widespread Amazonian species have been published. In this 
paper, I address phylogenetic and biogeographic relationships among pop- 
ulations within two widespread species of Gymnopithys antbirds (For- 
micariidae) and among all four species in the genus using allozyme char- 
acters. In addition, I summarize and add to the growing body of genetic 
information on Neotropical forest birds. 

All species in the genus Gymnopithys are obligate ant-following birds 
(Willis 1967, 1968) distributed throughout lowland forests of Central and 
South America (from Honduras south to Brazil). Ant-following birds 
obtain food by following ant swarms and feeding on insects flushed by 
the moving swarm (Willis 1967). Limited systematic work based on ex- 
ternal morphology has been done on this genus; four species are currently 
recognized: White-throated Antbird (G. salvini), Lunulated Antbird (G. 
lunulata), Bicolored Antbird (G. leucaspis), and Rufous-throated Antbird 
(G. rufigula) (Zimmer 1937, Meyer de Schauensee 1966). The species are 
mostly allopatric, with rivers forming the boundaries of ranges (Fig. 1). 

Compared to other vertebrates, birds have low levels of allozyme dif- 
ferentiation at all levels of the taxonomic hierarchy (Avise and Aquadro 
1982). The generality of low avian genetic distances was challenged by 
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FIG. 1. Ranges of all Gymnopithys species. 

studies of genetic differentiation in Neotropical birds (Capparella 1987, 
1988; Gerwin and Zink 1989; Gill and Gerwin 1989; Hackett and Ro- 
senberg 1990). These studies demonstrated that bird populations and 
species are more genetically differentiated (subdivided) in lowland tropical 
forests, although they still do not reach levels found in some other ver- 
tebrate groups. Hypotheses proposed to explain greater population sub- 
division include increased age of Neotropical taxa, low levels of gene flow 
between Neotropical avian demes, and differences in social systems (for 
example, reduced effective population sizes due to lekking behavior). 

METHODS 

Samples were obtained for all species of Gymnopithys, six population samples representing 
four subspecies of G. leucaspis and two population samples from one subspecies of G. salvini. 
Three other genera of ant-following birds, the Sooty Antbird (Myrmeciza fortis), White- 
plumed Antbird (Pithys albifrons), and Hairy-crested Antbird (Rhegmatorhina melano- 
sticta), suggested by Willis (1967) to be closely related to Gymnopithys, were used as out- 
groups. Abbreviations for the outgroups are as follows: MFORT, PALBI, and RMELA, 
respectively. All tissue samples were from the Louisiana State University Museum ofNatural 
Science Frozen Tissue Collection. Collecting sites, sample sizes, and acronyms for all taxa 
are listed in Table 1. Although my sample sizes are small, Gorman and Renzi (1979) 
demonstrated that one or few individuals per taxon provide robust estimates of genetic 
distance as long as the number of loci examined is reasonably high and heterozygosity is 
low (conditions met by this study). The conservatism of avian allozyme divergence, fixed 
or nearly fixed allozymes unique to certain groups of this study, and low heterozygosity may 
minimize the sample-size bias for estimating genetic distances predicted by Archie et al. 
(1989). 
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Standard horizontal starch-gel electrophoresis of proteins was performed as outlined in 
Hackett (1989) and Hackett and Rosenberg (1990). Each locus was scored on two buffer 
systems to reduce influences of hidden variation (Hackett 1989). Alleles were coded by their 
relative mobility from the origin; the most anodally migrating allele was coded “a.” Isozymes 
were coded in a similar manner, with a “1” indicating the most anodally migrating isozyme. 
Locus acronyms follow Murphy et al. (1990). 

I used the computer program BIOSYS- 1 (Swofford and Selander 198 1) to compute genetic 
distances (Rogers 1972, Nei 1978), a UPGMA phenogram, and Distance-Wagner (Farris 
1972) trees using the multiple addition criterion of Swofford (198 1); all trees were rooted 
at the non-Gymnopithys ant-following formicariids (Myrmeciza fortis, Pithys albifrons, and 
Rhegmatorhina melanosticta). The computer program PHYLIP (Felsenstein 1986) was used 
to construct two trees from Rogers’ (1972) genetic distances: one that assumes a constant 
rate of evolution (“KITSCH”), and one that does not (“FITCH”). Cladistic assessment of 
allelic variation was performed by coding each locus as a multi-state unordered character 
(and alleles at each locus as character states) using the computer program PAUP 3.OL 
(Swofford 1990). Also, in another cladistic analysis, phylogenetically informative alleles were 
considered as characters and coded as present or absent (see Rogers and Cashner [ 19871 for 
defense of this method of coding; see also Mickevich and Mitter [198 11, Buth [1984], and 
Swofford and Berlocher [1987] for problems with this method of coding). One hundred 
bootstrap replicates were performed on each cladistic analysis to assess confidence in the 
branching pattern (Felsenstein 1985, Sanderson 1989). The homoplasy excess ratio (HER) 
proposed by Archie (1989a, b) was calculated to give a measure of homoplasy less influenced 
by number of taxa than the consistency index (CI; Kluge and Fanis 1969) and to assess 
whether the distribution of the allozyme data was nonrandom. 

Measures of genetic population subdivision, F,, (Wright 1978), were calculated for G. 
leucaspis and G. salvini using a computer program provided by G. F. Barrowclough that 
takes into account small numbers of individuals sampled from a population. 

RESULTS 

Levels and patterns of genetic variation at 37 presumptive gene loci 
were resolved (Tables 2 and 3). Nineteen loci (5 1%) were variable within 
or among species. Average genetic distance (Nei 1978; + SD) within 
Gymnopithys (N = 6) as a whole is 0.173 + 0.025; within G. leucaspis 
(N = 15) genetic distances average 0.053 -t 0.012. Genetic distance av- 
erages 0.065 among the three population samples of G. leucaspis castanea 
(LEUNN, LEUNA, LEUEY). The two populations samples of G. salvini 
differ by a Nei’s (1978) genetic distance of 0.028. F,, among the six 
populations of G. leucaspis is 0.365, and between the two G. salvini 
populations F,, is 0.333 (Table 4). 

The UPGMA phenogram (Fig. 2) reveals that the four species of Gym- 
nopithys form a group, as do the six population samples of G. leucaspis 
(representing four different subspecies). There is weak support, as evi- 
denced by short branch lengths, for the bicolor group of G. leucapsis from 
Middle America and western South America (LEUEC, LEUDA, LEUCR) 
as genetically distinct from the Amazonian leucaspis (LEUNA, LEUNN, 
LEUEY). Gymnopithys rufigula is most similar to G. leucaspis, and G. 
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salvini and G. lunulata form a group. This topology is also found in the 
IUTSCH and FITCH trees (branch lengths available from author on 
request). The Distance-Wagner tree differs in placing the Costa Rican 
sample of G. leucaspis (LEUCR) basal to the five other population sam- 
ples. Because the four distance analyses suggested only minor differences 
in branching pattern, I assume that variation in rates of allozyme evolution 
across Gymnopithys species is not a significant factor influencing branch- 
ing topology. 

Cladistic analysis of loci with the alleles as unordered character states 
(not shown) resulted in 12 equally most parsimonious trees, with a con- 
sistency index (CI) of 1.0 and a homoplasy excess ratio (HER) of 0.88. 
These data indicate that there is little homoplasy in the data set and that 
the data are nonrandom; that is, there is phylogenetic information con- 
tained in the allozyme data. However, the consensus of these 12 trees 
resulted in little resolution. The genus Gymnopithys is monophyletic; the 
monophyly of population samples of G. leucaspis and G. salvini indicates 
the monophyly of each of these two species. Gymnopithys salvini and G. 
lunulata are sister taxa. However, the sister-taxon relationship between 
G. ru$gula and G. leucaspis suggested in Fig. 2 is not shown here; G. 
rt&ula, G. leucaspis, and G. lunulata/G. salvini form an unresolved tri- 
chotomy. The relationships among population samples within G. leucaspis 
are also unresolved. 

The topology when alleles are coded as present or absent (Fig. 3; two 
most parsimonious trees, CI = 0.700, HER = 0.78) supports monophyly 
of both the genus Gymnopithys and the population samples of G. leucaspis 
and G. salvini. This tree differs from the distance analyses mainly in the 
relationships among the six population samples of G. leucaspis. Samples 
of G. leucaspis from eastern Panama (Darien) and Ecuador have the same 
alleles and are identical for this analysis (they differ in allele frequency 
only). Bootstrap values for the nodes (Fig. 3) indicate that there is only 
weak support for the sister-taxon relationship between G. rujigula and G. 
leucaspis suggested by the distance analysis. There is stronger support for 
G. salvini and G. lunulata as sister taxa. 

DISCUSSION 

Genetic data. -Genetic distances within the few other species of Neo- 
tropical birds studied average 0.052 (range 0.003 in Pithys albifons to 
0.066 Chiroxiphiapareola; see Hackett and Rosenberg 1990). The average 
within G. leucaspis (0.053) is comparable to the other Neotropical species, 
and of an order of magnitude greater than north temperate birds (0.005, 
Barrowclough and Corbin 1978; 0.02, Barrowclough and Johnson 1988). 
In addition, Fs, values (Table 4) suggest a high degree of subdivision among 
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FIG. 2. UPGMA phenogram of Rogers’ (1972) genetic distance (Table 3) for Gymnopithys 
species and population samples. The cophenetic correlation coefficient for the phenogram 
is 0.94. “FITCH” and “IUTSCH” trees (see text) have the same topology. The two letter 
codes after the species name reference the last two letters of the acronyms found in Table 1. 

populations of G. leucaspis and G. salvini. These data also demonstrate 
a high degree of population subdivision among the majority of Neotropical 
forest species analyzed to date. 

Gjmnopithys antbirds are obligate ant-following birds, which could 
result in increased movements as they search for the ant swarms at which 
they forage. This life-history characteristic has the possible genetic con- 
sequence of increased gene flow, which would lead to the prediction that 
genetic subdivision (i.e., FS, or genetic distances) within Gymnopithys 
species should be low relative to other more sedentary forest birds that 
forage for insects on individual territories. This prediction is not supported 
by the genetic data, which indicate that Gymnopithys separated by even 
small geographic distances are genetically differentiated. LEUNN and 
LEUEY are separated by approximately 100 km (and no major rivers) 
and their genetic distance is 0.047, which is equivalent to the genetic 
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FIG. 3. Cladistic assessment of allelic variability (see text) for Gymnopithys species and 
population samples. The two letter codes after the species name reference the last two letters 
of the acronyms found in Table 1. 

distances separating many species of Dendroica warblers (Barrowclough 
and Corbin 1978). 

The genetic data support the monophyly of the genus Gymnopithys 
relative to three other genera of ant-following formicariids. To address 
behavioral evolution within the Formicariidae, the next step is to docu- 
ment whether the ant-following formicariids are indeed each other’s clos- 
est relatives. If so, this would indicate that a complex life-history strategy 
and associated behaviors are key innovations that evolved once in the 
history of antbirds, and thus document monophyly of a group of antbird 
genera. Hackett and Rosenberg (1990) documented a similar situation in 
Myrmotherulu antwrens; the presence of a particular behavioral, life- 
history character (dead-leaf foraging) paralleled allozymic results in de- 
fining a lineage of antbirds. 

The genetic data support a sister-taxon relationship between Gymno- 
pithys lunulata and G. salvini. I recommend, therefore, that these species 
be placed next to each other in linear classifications. There is weak support 
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TABLE 4 

FST VALUES FOR NEOTROPICAL FOREST TAXA’ 

Species F,, (SE) 

Wedge-billed Woodcreeper (Glyphorynchus spirurus) 
White-cheeked Antbird (Gymnopithys leucaspis) 
White-throated Antbird (G. salvini) 
Black-faced Antbird (Myrmoborus myotherinus) 
White-plumed Antbird (Pithys albifons) 
Blue-crowned Manakin (Pipra coronata) 
Golden-headed Manakin (P. erythrocephalu)b 
Blue-backed Manakin (Chiroxiphiu pareolu) 

0.232 (0.140) 
0.365 (0.099) 
0.333 (0.097) 
0.170 (0.063) 
0.037 (0.012) 
0.125 (0.064) 
0.235 (0.127) 
0.194 (0.042) 

a F,, for non-Gymnopilhys species were calculated from allele frequency data of Capparella (1987). 
D Includes P. rubrocapilla. the allospecies of P. erythrocephnla from south of the Amazon river. 

for considering the populations of G. leucaspis in Central America and 
South America west of the Andes as distinct (G. bicolor), and I recommend 
study with more sensitive molecular markers. Willis (1967) hypothesized 
a close relationship between G. leucaspis, G. bicolor, and G. rufigula, based 
on vocalizations, and suggested that they should be placed in the same 
species. Although genetic data weakly support a sister-taxon relationship 
between G. n&da and G. leucaspis, each is diagnosable by a number of 
allozymic and plumage characters. Therefore, considering G. rujigula and 
G. leucaspis as conspecific is not recommended. 

Biogeography. -One proposed advantage of molecular data is that ge- 
netic differences between taxa accrue in an approximately time-dependent 
manner (Wilson et al. 1977); therefore, a molecular clock can be calibrated 
and the age of splitting events can be estimated. The potential to date 
approximate splitting events using molecular clocks has not been widely 
explored (see Murphy 1983, Cadle 1985, Zink 1988, and Zink and Avise 
1990 for some examples). In addition, the concept of molecular clocks is 
controversial, and a variety of molecular clocks have been proposed for 
avian taxa (GutiCrrez et al. 1983, Marten and Johnson 1986, Sibley et al. 
1988). Two calibrations for allozyme data estimate that one unit of Nei’s 
(1978) genetic distance corresponds to 19-26 million years of independent 
evolution (Guti&rez et al. 1983, Marten and Johnson 1986). For Gym- 
nopithys, these calibrations suggest that the genus has been evolving in- 
dependently for approximately six million years. The species seem to be 
old as well; origin of G. lunulata, G. salvini, G. leucaspis, and G. rufigula 
may have occurred three to five million years ago. Because the ranges of 
Gymnopithys species are delimited by rivers (Fig. l), I hypothesize that 
the development of major river systems in South America (Capparella 
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1987, 1988, 199 1) separated a formerly widespread range of the ancestral 
Gymnopithys roughly three to six million years ago. Within Gymnopithys 
leucuspis and salvini, divergence of populations seemed to have occurred 
early in the Pleistocene (700,000 to l,OOO,OOO years ago), perhaps as a 
result of the effects of glacial periods on the distribution of Neotropical 
forests (Haffer 1974). 

Because Gymnopithys leucaspis is distributed in both South and Central 
America, relationships among its populations may shed light on hypoth- 
eses concerning the origin of Central American lowland birds. The land- 
bridge connection between southern Central America and South America 
was completed three to five million years ago (Malfait and Dinkleman 
1972, Pindell and Dewey 1982). One hypothesis explaining the distri- 
bution of some Central American lowland taxa is that South American 
taxa dispersed to the Central American landmass after the landbridge was 
completed (Haffer 1967, 1974, 1985, 1987; Cracraft 1985; Cracraft and 
Prum 1988) and that Pleistocene climatic fluctuations subsequently ef- 
fected the separation of Central American and South American lowland 
forests (Haffer 1974, 1987). The genetic data suggest that G. Zeucaspis was 
present in South America when the landbridge connection was formed. 
The pattern of genetic distances (Fig. 2) suggests that Central American 
and Ecuadorian populations form a group (although the cladistic analysis 
of allozyme data was unable to recover this) and that separation of Costa 
Rican (LEUCR) from Ecuadorian (LEUEC) populations occurred 700,000- 
900,000 years ago. This supports the hypotheses of Haffer (1967, 1974, 
1985, 1987) Cracraft (198 5) and Cracraft and Prum (1988) that Central 
American taxa would be most closely related to taxa found in Ecuador, 
in the Choco region of western South America, and that divergence oc- 
curred after the landbridge was completed (some time during the Pleis- 
tocene). 
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